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INTRODUCTION

DESIGN
The 305MM (12") Square Direct Shear was specifically designed for testing large soil sample sizes with
soil and geosynthetics for testing coefficient of friction.  Several  methods of testing can be accomplished - 
soil to soil, soil to geosynthetic, geosynthetic to geosynthetic and GCL to GCL (geosynthetic clay liner).

The device utilizes the “CONBEL” concept for consolidation loading of the sample. Sample loads
are obtained by one of two pneumatic pistons. This concept increases the accuracy and sensitivity of 
light load settings.  A small diameter rolling diaphragm piston is capable of applying light loads to 454 kg 
(1,000 lbs) and larger  piston applies loads up to 45 kn (10,000 lbs).                                               

Casters on the machine and compaction table make for easy movement in the lab. The machine height is a 
factor in the design to give the operator a convenient level for setting up and operating the machine. This 
includes the Compaction table that makes the sample easy to prepare in the shear rings. The rings are easily
handled both installing and removing from the water chamber and the compaction table.                    

GETDATA  software is provided with the machine to input test data to computer (not provided) and export to 
Microsoft  “Excel” for graphing and presenting test results. 

CONTROLS                                                                                                                                       
Applying the vertical load is accomplished by setting the precision regulator to the required pressure per the 
pressure to load calibration chart.  Load  settings are verified on a pressure readout that reads to two decimal
places and is accurate to 0.25%.   Constant rate of displacement for the  horizontal shear rate is set using the
digital thumb wheels on the control panel.  Limit switches are used for  the home position and also to limit the
travel to 102 mm (4.0").  Adjustment to the limit switches can be accomplished under the control cabinet.

MEASUREMENT                                                                                                                       
Consolidation and shear displacement are measured by linear displacement transducers and displayed on 
the digital readout along with shear load from the load cell attached to the water chamber.  Data output to the
computer is via an RS232 Serial Port in ASCII format. This can be exported to spreadsheet programs like 
“Excel”.  Viewing of displays are not dependent on a computer hookup.  Readout is capable of showing peak 
shear load.

COMPACTION TABLE                                                                                                                    
Removing the shear rings from the water chamber in the machine is handled easily.  The shear rings are 
pulled onto the two compaction table rollers that allow the assembly to slide easily into and out of the water 
chamber.  Preparation and compaction of the sample or geotextile can be accomplished on the table.  The 
table is then rolled back into position for sliding the shear boxes into the water chamber.  When removing the 
shear boxes, it is advised to lock the brakes on the casters.

CONSTRUCTION                                                                                                                                  
The direct shear is designed for harsh lab environments.  All steel parts are powder coated and aluminum 
parts are hard coat anodized for corrosion resistance.  Some parts are made from stainless steel.
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SPECIFICATIONS 

Machine Dimensions 58.4 cm x 109 cm x 102 cm high  (23" x 43" x 40" high)

Compaction Table Dimensions            356 mm x 508 mm x 551 mm high  (14” x 20” x  21.69” high) 

Power 110 Volts 60 Hz   -   220-240 Volts 50 Hz

Net Weight 381 kg  (840 lbs)

Shipping Weight 465 kg  (1,025 lbs)

Horizontal Displacement 100 mm  (4.0")

Vertical Displacement 25.4 mm  (1.0")

Shear Box - Top     100 mm deep x 305 mm sq (3.97" x 12" sq), 

              area = 929 cm (144” sq)

- Bottom     305 mm x 406 mm  x 100 mm deep 

                    (12" x 16" x 3.97” deep)

Easy access water chamber Aluminum with hard coat anodize finish with water control valves

Horizontal and Vertical Load 45 kn (10,000 lbs)

Consolidation Loading Pistons (2)   4 kn & 45 kn (809 lb & 10,000 lb) capacity

Four Channel Readout With RS232 output

Displays  - Pressure for setting consolidation load

               - Horizontal Load

               - Horizontal Displacement

               - Vertical Displacement

RS 232 Serial Output - ASCI Format Cable included

Get Data Software Export of data into “Excel” in computer

Horizontal Load Cell 45 kn (10,000 lbs)

Vertical Displacement Transducer 50 mm  (2.0")

Horizontal Displacement Transducer 100 mm  (4")

Geosynthetic Platform 303 mm x 405 mm x 100 mm H  (11.94" x 15.94" x 3.94")

100 mm (4.0") sq Filler Block 100 mm sq x 304 mm long  (4.0" sq x 11.95") 

Air Pressure Required 827 kPa  (120 psi) for max sample load of 45 kn (10,000 lbs)

Horizontal Strain Rate 0.0508 mm to 5.08 mm/min  (0.002" to  0.20”/min)
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SETUP OF MACHINE

POWER

The power cord may require a plug if not a U.S. standard 110/220 volt-60 hz.  Verify voltage on label before 
adding plug.   

AIR LINE CONNECTION

A constant supply of air is required. The air line connection is located on the  lower right side of the control 
cabinet and 9.5 mm diameter (3/8") tubing is supplied.  The  maximum air supply pressure to the pressure 
control regulator should not exceed 1724 kpa (250 psi) and nor should it ever be less than 138 kpa        (20 
psi) higher than the highest pressure setting for consolidation. The line should be filtered along with a water 
trap to prevent water and other contaminants from entering the precision regulator.  The regulator is a bleed 
type and some air will be heard venting from the rear of the regulator during operation.  The higher the 
pressure, the more laudable the venting will be. 

CONTROL CABINET

The control cabinet was bolted to the frame in the shipping position.  It may be moved away from the water 
chamber (load cell end) to allow easier access to the load cell and horizontal displacement transducer. There 
are two screws on each side of the cabinet under the frame. Remove the screws and slide the cabinet 
froward (away from the water chamber) and align with the spacers and holes provided for the new position. 
The cabinet will now be away from the water chamber and slightly overhang the frame.  The top of the 
cabinet can be used for adding a laptop for convenience. 

LINEAR DISPLACEMENT TRANSDUCERS

Two linear displacement transducers are used to measure consolidation and horizontal displacement.         

The horizontal (shear) transducer was in installed before shipment and should not require any adjustment.  

The vertical displacement transducer (consolidation) - figure 1C, requires assembly to the main frame.  There
are two 32 mm (1.25") diameter rods (figure 1D),  that require bolting to the frame flanges (one on either side 
of the frame).  A flat cross bar with the transducer mounting assembly is attached to the rods.  The transducer
is mounted to the transducer holder and adjusted to allow at least 38 mm (1.5") of travel.  

RS-232 PORT - Connection is made at the right side of the cabinet (figure 1E)  from the customer supplied 
computer.  See Getdata program section C, for information on how to installing on the computer.  
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MACHINE COMPONENTS

BED OF SCREWS (OPTIONAL)                                                                                                       
This option is for geosynthetic testing.  The screws are mounted in two plates (6 mm (1/4") thick x 304 mm 
(12") sq and 304 mm x 406 mm (12" x 16") long.  The bed of screws is used on top of the geotextile platform 
for gripping the geomembrane if required. 

CLAMPING BARS                                                                                                                                 
Stainless steel clamping bars are provided on both shear boxes for retaining the geosynthetic during the test.  
The bars are grooved to increase the holding forces the test. See figure 6 for drawing for sizing of holes 
required in the geosynthetic for testing.

COMPACTION TABLE                                                                                                                       
The table was designed to easily compact the soil sample in the shear rings at a comfortable height. The 
combination of hard coat anodized surfaces on the bottom of the lower shear ring and the water chamber in 
addition to roller bearings on the compaction table make it easy to remove and install the shear rings with 
minimum effort.  The table also has castors for ease of transporting the rings and castor locks for use when 
moving the shear rings from the water chamber to the compaction table.  

CONSOLIDATION LOADING PISTONS                                                                                           
Low range piston located on the upper loading cross arm applies a maximum 4 kn loads to the sample at 809 
kpa air pressure.  The piston is not spring loaded and requires lifting of the piston manually  and tightening of 
the piston clamp (figure 2) to seat it against the cross arm when performing high load testing.

High load piston located under the water chamber applies a maximum load of 45 kn at 655 kpa of air 
pressure.

Six constant force springs (figure 1B) are used to hold the high load piston assembly in the unloaded state.  
Movement will be noticed when air is applied to this piston. 

CONTROL PANEL                                                                                                                                  
All controls are located on the front panel, figure 1A .  The cabinet can be moved forward (see arrow on figure 
1 F) on the frame and reattached for easier access to the load cell, horizontal displacement transducer and 
bolts for the lower shear box.

MAIN POWER ON/OFF SWITCH - Located at the bottom of the panel, the switch has an indicator light to 
show when power is on.

STRAIN RATE CONTROL THUMBWHEELS - Strain rates are selected on the three segmented push button 
digital selector located at the top left of the control panel.  A calibration chart is provided for strain rate 
selection. The DC drive motor and controller maintain the speed regulation within 1% . 

DIRECTION SWITCH is a momentary (spring loaded), three position switch.  The switch has a built-in     
hesitation to prevent damage to the motor when reversing direction of the motor. After setting the desired 
shear rate, move the switch to the RUN position to start the shear test.  The water chamber will then move 
away from the control cabinet and start shearing the sample.  It will continue until the limit switch is activated 
or the RUN switch is put in the OFF position.  At this time, the limit indicator light will be lit.  The     

HOME switch position will move the water chamber back to the starting position.  

LED LIGHTS - Located on either side of the direction control, the indicator lights are used to show when   the 
limit and home position are attained.  The 100 mm (3.94") maximum water chamber travel is controlled by the 
limit switches.  The run indicator lights show the direction of movement of the water chamber. 

LIMIT SWITCHES - These switches are located under the control cabinet and behind a cover.    
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LOAD REGULATOR - Applying the consolidation load is accomplished by setting the precision regulator to the
required pressure per the calibration chart.  Load settings are verified on the readout accurate to .25%. This is
a bleeding type regulator and you will hear air venting when it is in operation.                          

HIGH LOAD/LOW LOAD SELECTOR VALVE - Three position valve for selecting which pneumatic piston to 
apply the consolidation load. High and low sample loads are obtained by the use of two pneumatic pistons. 
See the vertical consolidation load setting chart for selecting the appropriate pressure load setting (HIGH or 
LOW).

DATA READOUT AND SERIAL ACQUISITION -The readout has four channels. Channel 1 = shear load. 
Channel 2 = vertical displacement.  Channel 3 = horizontal displacement..  Channel 4 =  for setting the 
pressure / consolidation load (see the load setting  table for the proper load setting).  See manual for the Data 
Readout System for more details.

CROSS ARM                                                                                                                                      
The top cross arm has additional holes for adjusting the arm lower or higher if necessary, depending on the 
sample height. 

FILLER BLOCK                                                                                                                                          
When testing 405 mm square soil samples, the filler block is used in the bottom shear box to attain the square
size.  The block is solid aluminum and is 100 mm (3.940") high x 102 mm (4") x 303 mm (11.96") long. Lifting 
tees are used to install and remove the filler.

GEOSYNTHETIC PLATFORM                                                                                                                       
When testing geotextiles, the platform is inserted into the lower shear ring and the material is placed on the 
platform and is held in place with the stainless steel clamping bar on the end of the lower shear ring.

GEOSYNTHETIC HOLE PATTERN                                                                                                 
When using geotextiles, see figure 6  for a drawing of the recommended hole pattern.                                    

HORIZONTAL LOAD BAR                                                                                                                         
Once the shear box assembly has been put into the water chamber, attach the load bar using the two large 
(1"- 8) flange nuts.  The knurled knob in front of the load cell is adjusted so the arm fits flush against the 
mounting bracket without putting stress on the sample when tightening the nuts.

LIFTING TEE BOLTS                                                                                                                          
There are two lifting tee bolts with 3/8”-16 threads that are used for inserting or removing the load pads, 
geosynthetic platform and filler block.  Screw the two tee bolts in the piece that is to be moved at least 4 
complete threads before lifting.

LINEAR DISPLACEMENT TRANSDUCERS                                                                                            
Two linear displacement transducers are used to measure consolidation and horizontal displacement.       

The consolidation displacement transducer - (50 mm - 2.0" travel), located on the top of the consolidation cross
arm.  It can be adjusted up and down on the rod.  Adjustment should be made when the pistons (low and high 
load) are at the top of the travel.  Adjust the transducer so there is 3mm left before its end of travel.  This will 
allow a total movement of 97 mm (more than enough for pre piston travel and consolidation).                            
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The water chamber/shear ring displacement transducer with 100 mm ( 4.0") travel and has been set to achieve 
the maximum travel and is located under the load cell and behind a shield.  An adjusting screw is attached to 
the base of the water chamber (figure 5 can be tared at the readout.  It can be adjusted using the threaded rod
with locking nut that is attached to the base of the water chamber near the load cell.

LOAD CELL                                                                                                                                                  
tension/compression pancake type load cell (45 kn - 10,000 lbs) is used for measuring horizontal shear loads. 
It is connected to the water chamber and the horizontal drive shaft. The knurled knob in front of the Load Cell 
is used to zero out the load when attaching the horizontal loading arm.  This knob is adjusted (rotated) to 
achieve zero load. 

LOAD PADS                                                                                                                                       
The thin pad is used for light loads to 500 lbs and the thicker one for heavier loads.  A height adapter block is 
also provided and can be added on top of either pad to give additional height if required, depending on the 
sample height. 

POROUS STONES                                                                                                                                      
Aluminum oxide porous stones are used and have a pore size rating of 179 microns and a particle retention of
75 microns.   

PRESSURE TRANSDUCER                                                                                                              
The pressure transducer is a precision instrument with a 0.25% accuracy.  It is used for setting pressures on 
the regulator to attain the loads required for consolidation.                                                                            

SHEAR BOXES                                                                                                                                              
Hard coat anodized aluminum has been used on the shear box assemblies to prevent corrosion, abrasion 
resistance and minimize friction.  There are two bolts holding the top and bottom shear boxes together during 
compaction.  

ONCE THE COMPACTED SAMPLE AND BOXES ARE READY TO BE INSTALLED INTO THE WATER 
CHAMBER, REMOVE THE TWO BOLTS HOLDING THE BOXES TOGETHER.   

There is a clamping plate at opposite ends of the each shear box which is used for clamping geotextiles to 
each ring if required.  The bottom box is bolted to the water chamber at the load cell end.  Be certain there are
two o’rings in the chamber before positioning the boxes to the chamber.  Complete the assembly using the 
two bolts.  The o’rings are used to prevent water leakage after filling the chamber with water.  See SHEAR 
BOX LIFTING BARS in section B.

Stainless steel clamping bars are provided on both shear boxes for retaining the geosynthetic during the test.  
The bars are also grooved to increase the holding forces during the test.

Top Box - 100 mm deep x 305 mm (3.97" x 12") square

Bottom Box - 100 mm deep x 305 mm x 406mm (3.97 x 12" x 16") long

SHEAR BOX LIFTING BARS                                                                                                                    
There are two bars that are bolted to the top of the top shear box and load arm.  The ends of the arms are 
attached to studs on brackets that are attached to the frame.  This assembly allows the top shear box to be 
adjusted up to attain a gap between the boxes if required.  The bars then hold the top shear box in position 
during the shearing process.                                                                                                            
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WATER CHAMBER                                                                                                                            
The chamber has an access panel on one end that allows the shear rings to be removed without lifting.  The 
panel is held in place by eleven clamping studs with nuts.  Heavy duty track rollers are used under the water 
chamber to minimize shear friction.  Precision ground bearing plates are attached to the bottom of the water 
chamber to reduce rolling friction. These carry the vertical (normal) load and act as rails for the four vertical 
guide rollers mounted in the base plate. It is important not to allow grit or dirt to accumulate on any of the 
rollers or the bearing plates. Keep the pockets for the support rollers clean.  We advise using a cover over the 
direct shear when not in use to eliminate dust and dirt. 

The bottom shear box is held to the water chamber with two hex head bolts on the end with the load cell and 
are required for holding and sealing to the water chamber. When installing the shear boxes, verify there are 
two o’rings in the end of the water chamber where the two bolts enter the water chamber to mount the shear 
rings.  

An end plate is attached to the water chamber using  eleven 5/16-24 nuts and washers.  The plate seals 
against an o'ring seal on the water chamber. 

There are two ball valves at the bottom front of the water chamber.  The fill valve with the  5 mm (1/4”) 
diameter tube is for water intake and the drain valve with the 12 mm (1/2”) diameter tube is for draining water 
from the chamber after the test.  Connect these tubes to a water source and floor drain or bucket.  

Fill the chamber if required, being careful not to overfill.
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SECTION B – OPERATION

ASTM D5321 & D6243

NOTE: Data and calibration sheets for all the load cell, displacement transducers, horizontal strain rate 
settings and consolidation load control settings are included with the original paperwork for the machine.

DETERMINE TYPE OF TEST 

The following combination of tests can be achieved using the chart below.  

UPPER SHEAR BOX LOWER SHEAR BOX

#1 SOIL SOIL

#2 SOIL GEOSYNTHETIC

#3 GEOSYNTHETIC GEOSYNTHETIC

#4 * GEOSYNETHETIC CLAY LINER * GEOSYNETHETIC CLAY LINER

      * #4 is used for testing of Geosynthetic Clay Liners (GCL)  using optional bed of screws.

Stainless steel clamping bars are provided on both shear boxes for retaining the geosynthetic during 
the test.  The bars are grooved to increase the holding forces the test.

SETTING UP SHEAR BOXES – SELECT TYPE 1,2,3 OR 4                                                            

NOTE: When installing the load pad and stainless steel ball, determine if a light or heavy load pad is 
required and if the height adapter is needed for the top of the load pad for fitting under the load arm.   

# 1 - 305 MM SQUARE, SOIL / SOIL                                                                                                    
The bottom shear box (305 mm x 406 mm) with the attached base, is placed on the compaction table.  
Place the porous stone in the bottom shear box towards the end with the geotextile clamping bar.  The filler
block (100 mm high x 102 mm wide x 303 mm long) is then placed at the far end of the shear box using the
two lifting tees.  Next remove the lifting tees.  The top shear box is then positioned to the bottom box and is
held to the bottom box using the two long handle hex bolts with 3/8”-16 threads.  These bolts are to be 
removed after the soil sample is compacted in the shear boxes. The soil being tested can then be 
compacted in the shear boxes using the method required.  Measurements need to be taken to attain a level
compacted surface be fore insertion of the load pad (light or heavy). The load pads have two threaded 
holes for use with the lifting tees.  Insert the load pad and center it to the top shear box and then insert the 
(19 mm – 3/4”) stainless steel ball to the center pocket of the load pad. 

# 2 - 305 MM SQUARE, SOIL / GEOSYNTHETIC                                                                             
The bottom shear box (305 mm x 406 mm) with the attached base, is placed on the compaction table.  
Place the geosynthetic platform into the bottom shear box using the two lifting tees.   Next remove the 
lifting tees.  See figure 6  for information on dimension of holes required for clamping of geosynthetic 
material.  Attach the clamping bar to the bottom shear box along with the geosynthetic and tighten the hex 
bolts.

The top shear box is then positioned to the bottom box and is held to the bottom box using the two long 
handle hex bolts with 3/8” - 16 threads.  These bolts will be removed after the soil sample is compacted in 
the shear boxes. The soil being tested can then be compacted in the shear boxes using the method 
required.  Measurements need to be taken to attain a level compacted surface be fore insertion of the load 
pad (light or heavy). The load pads have two threaded holes for use with the lifting tees.  Insert the 
appropriate load pad (light or heavy along with the elevated adapter if required and center it to the top 
shear box and then insert the stainless steel ball (19 mm – 3/4”) in the center pocket of the load pad. 
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# 3 - 305 MM SQUARE GEOSYNTHETIC / GEOSYNTHETIC                                                          

The bottom shear box (305 mm x 406 mm) with the attached base, is placed on the compaction table.  
Place the geosynthetic platform into the bottom shear box using the two lifting tees.   Next remove the 
lifting tees.  See figure 6  for information on dimension of holes required for clamping of geosynthetic 
material.  Attach the clamping bar to the bottom shear box along with the geosynthetic and tighten the hex 
bolts.

The top shear box is then turned over to attach the geosynthetic  with the clamping bar similar to the 
bottom geosynthetic.   The box is then turned back over so that the clamping bar is at the control cabinet 
end of the machine.  The top shear box is then positioned to the bottom box and is held to the bottom box 
using the two long handle hex bolts with 3/8” - 16 threads.  These bolts are to be removed after the soil 
sample is compacted in the shear boxes. The soil being tested can then be compacted in the shear boxes 
using the method required.  Measurements need to be taken to attain a level compacted surface be fore 
insertion of the load pad (light or heavy). The load pads have two threaded holes for use with the lifting 
tees.  Insert the appropriate load pad (light or heavy along with the elevated adapter if required and center 
it to the top shear box and then insert the stainless steel ball (19 mm – 3/4”) in the center pocket of the load
pad. 

# 4 – 305 MM SQUARE GCL / GCL

Similar methods to #2 or #3 above can be used for setting up and testing GCL's.  Optional bed of 
screws is available for use in testing GCL's.                                                                                       

INSTALLING SHEAR BOXES TO THE FRAME / WATER CHAMBER                                       
When transferring the shear boxes back and forth between the water chamber and the compaction table, it 
is important to clean the sliding surfaces to prevent  wear and tear on the parts. The surfaces of the water 
chamber (figure 2A) and shear boxes are hard coat anodized to minimize wear and make it easier to slide.

  See section A  for more information on the water chamber. 

Move the compaction table with shear boxes in alignment with the water chamber (figure 3).  Remove the 
two long handle hex bolts (figure 3A) from the shear boxes.  Push on the lower shear box (figure 3C) until it
moves into the water chamber and seats against the load cell end.  Install the two bolts (5/8”-11 x 3 3/4” 
long,  figure 5A) through the water chamber into the bottom shear box (figure 5B) and tighten bolts.  

Install the horizontal load bar (figure 4A) and attach it using the two large stainless steel flange nuts (1”-8 
threads – figure 4B). During the installation of the load bar and while tightening the nuts by hand, adjust  
the knurled knob (figure 5C) in front of the  load cell.  Adjusting (rotating) this knob, you will be able to zero 
out the load when attaching the horizontal load bar so the bar fits flush against the mounting bracket 
without putting stress on the sample when tightening the nuts.  This knob is adjusted (rotated) to achieve 
zero load before tightening the nuts completely.  This can be determined if the this knob is free to turn after 
tightening  these nuts and the horizontal load is zero on the readout.  Keep in mind you may have to adjust 
the knurled knob again during tightening.                               

Once the load bar nuts have been tightened, install the two hex head bolts (5/8”-11 x 3 1/4” long –  figure 
4C) through the  horizontal load bar and into the top shear box and tighten.  These bolts will be loosened 
later to attain a gap between the shear boxes and then re tightened. 

Install the water chamber cover (figure 4D) at this time using the eleven nuts and washers.  Make sure to 
sealing surfaces are clean before the installation.

SHEAR BOX LIFTING BARS                                                                                                                
Install the two top shear box lifting bars - figure 4E and bolt them to the top shear box with two hex head 
bolts (1/2-13 x 3 1/2” long per bar – figure 4F) each.  The bars are to be placed over the studs with nuts no 
the bottom and top  of the bar.  These bars used to lift and hold the top shear box in position before the 
machine is put into the shearing mode. The ends of the arms are attached to studs on brackets that are 
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attached to the frame.  This assembly allows the top shear box to be adjusted upward to attain a gap 
between the boxes if required.  

 The arms are installed over the studs – figure 4G on the side frame brackets.  Make sure when installing 
the arms, the nuts on these studs are not keeping the bars from being tightened to the top shear box.  The 
ends of the arms also have adjusting bolts (to move the top shear box up) that will be adjusted against the 
top frame after all bolts are tight.  Adjust the nuts up against the bottom of the bar.  Then attach the top 
washers and nuts. Tighten all nuts evenly. This will hold the top box in place during consolidation. 

See SETTING THE GAP BETWEEN SHEAR BOXES  after the consolidation phase. 

         FILLING THE WATER CHAMBER WITH WATER                                                                          
The water chamber cover should be in place at this time. There are two ball valves – figure 4H at bottom left 
front of the water chamber.  The fill valve with the smaller diameter tube  (5 mm – 1/4”) is for water intake 
and the drain valve with the larger diameter tube (12 mm - 1/2”) is for draining the water from the chamber 
after the test.  Connect these tubes to a water source and floor drain or water bucket.  Fill the chamber with 
water when and if required, being careful not to overfill.                                                                              

CONSOLIDATION OF SAMPLE / SETTING SAMPLE LOAD                                                            
Adjust the cross arm if required.  The eight hex head bolts that hold the cross arm to the upright bars 
requires removing and reinstalling  –  figure 4J) to minimize the piston travel over the ball on top of the load 
pad. 

Determine the seating load that will be required.  Keep in mind the weight of the load pad when factoring in  
this load.  See VERTICAL CONSOLIDATION LOAD SETTINGS CHART  supplied with machine for the 
pressure regulator setting (kpa) for load required.

There are two pneumatic loading pistons (LOW LOAD & HIGH LOAD) used for consolidation and the 
pressure is read on the front panel readout.  The pressure transducer used for consolidation is a precision 
instrument with 0.25% accuracy and it is used for setting pressures on the regulator.  

Select the load required from the chart that was delivered with the machine and select the appropriate valve 
setting on the right side of the control panel.   SET TO OFF???

Adjust the pressure regulator to the pressure needed for the seating load required.  The pressure in kpa, is 
read on the front panel readout.   Refer to section F – READOUT INSTRUCTIONS for information on the 
readout. This sets the stage for the consolidation phase of the sample.  The vertical displacement 
transducer (see figure is mounted on a bridge located above the low load piston assembly.  Adjust the 
transducer small 

with the application of the desired overburden pressure or some other normal pressure.

Turn the "LOAD" valve to the "OFF" position and adjust the regulator to the desired normal load per the load 
setting table.

NOTE: THE WEIGHT OF THE LOAD PAD, POROUS STONE AND STEEL BALL HAS NOT BEEN 
FIGURED INTO THE CALIBRATION SHEETS.

 Adjust the linear displacement transducer to the top of this pin and allow for sufficient travel when the soil 
sample compresses.  

SETTING THE GAP BETWEEN SHEAR BOXES                                                                    
Determine the gap that may be required between the shear boxes.

         Loosen the two hex head bolts (5/8”-11 x 3 1/4” long –  figure 4C) that are attached to the top shear box 
through the cross bar.  This will allow the top shear box to move upward freely.  Adjust the top nuts that hold 
the lifting bar down, the distance required for the gap between the shear boxes. Measure this gap with a 
caliper or scale.  With a 19mm (3/4”) open end wrench or adjustable wrench, adjust the two outer bolts 
(figure 4K) on each lifting bar, 1.41mm (0.055”) per turn on each lifting bar to attain the gap required.  Adjust 
each bolt evenly so as not to tilt the top shear box.  Tighten all nuts (8x) evenly that hold the bars in position.
The top shear box is now at the gap required.  Next, re-tighten the two hex head bolts that hold the top 
shear box to the load bar.
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STARTING TEST PROCEDURE                                                                                                   
The test is now started at the prescribed rate of shear by setting the shear rate selector thumbwheels (see 
calibration chart provided with machine settings).  The readings are fed to the computer using the Getdata 
program until failure.  Usually the test is carried out past failure to determine the residual strength which 
may be used in design.  At this point the test is completed and the shear loading is stopped and the vertical
load is removed.

END OF TEST – UNLOAD SAMPLE                                                                                                               
Turn the pressure regulator counter clockwise to release pressure to the piston.  This will unload the 
consolidation to the sample.

SAMPLE REMOVAL AND CLEAN-UP                                                                                                        
Put the motor drive in reverse (towards the home position) and it will stop when the shear boxes reach the 
home position. The horizontal load is now reduced to zero (0).   
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SECTION C - CALIBRATION OF CUSTOMER SUPPLIED TRANSDUCERS

Calculating Sensor Calibration Factors from Published Data

Calibration factors for the model 6572 and 6574 readouts can be calculated from the 
calibration data supplied by the sensor manufacturer. The results can be manually entered through the
front panel keys, or entered in the GETDATA calibration function and downloaded via the serial port. 
The instructions for entering/downloading are found in the manuals for the readout and GETDATA 
program. This note describes the method of calculating the required numbers. 

First, determine the required settings for the jumpers on the sensor input board in the readout:

From the sensor data sheet, determine the required excitation voltage (usually 5 or 10 volts 
DC).

Determine the output sensitivity (often expressed as millivolts output per volt of excitation, 
mV/V).

Calculate the sensor output voltage at full scale. This is the sensitivity multiplied by the 
excitation voltage. 

Example: 10 V exc. X 3.022 mV/V = 30.22 mV full scale output.
In the equation for determining the A/D “counts” (LOW READ and HIGH READ), 

this must be expressed in Volts, so 30.22 mV equals 0.03022 V.

Next, set the jumpers on the sensor input board. Refer to the diagram on the next page. Note that 
there are two inputs on each board and each has the same labeled jumpers though the positions may 
vary, most notably the E jumper.

Install jumper E for 5 volt excitation. Remove or do not install for 10 V.

For the special case of a load cell used in both compression AND tension (+/- in the table) 
install a jumper at position D. For all other cases (unipolar), install a jumper at position C. DO NOT 
INSTALL A JUMPER AT BOTH POSITIONS.

From the full scale output voltage, set the proper combination of jumpers A and B.
It is desired to use the combination that provides maximum gain without exceeding
the limits stated in the INPUT table. From the example calculated above (30.22 mV),
both A and B can be installed.

The equation for the “counts” (LOW READ and HIGH READ) is:

2097152 + (sensor output in Volts X GAIN X 1048575)
      5

The value for GAIN is determined from the combination of jumpers A and B installed.
Only jumper A: gain = 25.7
Only jumper B: gain = 50.4
Both jumpers:   gain = 75.1
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To calculate the LOW READ, it becomes complicated by imbalance in the sensor output 
under zero load conditions. Sometimes this is expressed as a minimum output voltage in units
of force or pressure, not volts! Add to that a bipolar sensor output and it gets worse! To 
simplify things, it is easiest to calculate a SPAN in A/d counts, read the zero input counts 
(LOW READ), and add the span to the zero reading to get the HIGH READ. An example 
follows.

A load cell data sheet gives a sensitivity of 3.022 mV/V, an excitation of 10.0 V
and a full scale load of 5000 lbs. 

The full scale output is 10 X 3.022 = 30.22 mV  or  0.03022 Volts

Excitation jumper E is not installed.
For maximum resolution, jumpers A and B are installed. This will not exceed the bipolar
input maximum of 33 mV.

If the cell is to be used only in tension or compression only (unipolar), install jumper C.
For +/- full scale output (bipolar), install jumper D. DO NOT INSTALL BOTH.

Calculate the full scale A/D counts (SPAN):

2097152 + (0.03022 X 75.1 X 1048575) 
      5

= 475952.8
= 475953 (The number must be an integer value, no decimal place)

Set up the readout with the sensor installed and enter the calibration routine. Select the 
correct channel for the cell.  Be sure there is no load on the cell. 

At the prompt for LOW READ, press NEW to read the combined offset error from the 
sensor and input board. Example: 2096403. 

Add the LOW READ to the calculated SPAN to get the HIGH READ:
2096403 + 475953 =2572356

Press MENU to advance to the HIGH READ prompt. Do not press NEW to take a 
reading. Instead, manually enter the calculated HIGH READ (2572356).

Press MENU to advance to the DECIMAL PLACE prompt and set the decimal place.
Example: XXXXX . X

Press MENU to advance to LOW SCALE. Set the low scale to all zeros.

Press MENU to advance to HIGH SCALE. Set the high scale to the full rated load of 
the cell. Example: 5000.0

Press MENU to continue to the DONE? Prompt.

Press MENU to the WRITE TO MEMORY? Prompt. Select YES to save the data.
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Follow the prompts to exit the calibration routine.

The GETDATA “Customize/Calibrate” function can also be used to enter the data. Enter the 
function and select “Read Calibration From Readout” Select the desired channel. Read the 
LOW READ using the “Read” button. Enter the calculated HIGH READ. The appropriate 
decimal point is determined by how the HIGH SCALE is entered. Just enter the high scale 
with the desired number of decimal places. Example: 5000.0.

Select “Accept as displayed” and “Write Permanent Calibration and Run” to save the 
changes.

Connections for the Honeywell Model 41 load cell

Notes about the cable shield:
If the cable shield is electrically connected to the body of the load cell, DO NOT 

connect it at the readout. Test with a continuity indicator.
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Compaction Table

Compaction Table – Bottom Shear Ring



Compaction Table – Shear Rings

Side View



Horizontal Drive End

Water Chamber End View



Water Chamber – Installation 1

Water Chamber – Installation 2



Water Chamber – Installation 3

Water Chamber – Plate




