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Warranty Statement 

Geokon, Inc. warrants its products to be free of defects in materials and workmanship, under normal use and 

service for a period of 13 months from date of purchase. If the unit should malfunction, it must be returned to the 

factory for evaluation, freight prepaid. Upon examination by Geokon, if the unit is found to be defective, it will 

be repaired or replaced at no charge. However, the WARRANTY is VOID if the unit shows evidence of having 

been tampered with or shows evidence of being damaged as a result of excessive corrosion or current, heat, 

moisture or vibration, improper specification, misapplication, misuse or other operating conditions outside of 

Geokon's control. Components which wear or which are damaged by misuse are not warranted. This includes 

fuses and batteries. 

Geokon manufactures scientific instruments whose misuse is potentially dangerous. The instruments are intended 

to be installed and used only by qualified personnel. There are no warranties except as stated herein. There are no 

other warranties, expressed or implied, including but not limited to the implied warranties of merchantability and 

of fitness for a particular purpose. Geokon, Inc. is not responsible for any damages or losses caused to other 

equipment, whether direct, indirect, incidental, special or consequential which the purchaser may experience as a 

result of the installation or use of the product. The buyer's sole remedy for any breach of this agreement by 

Geokon, Inc. or any breach of any warranty by Geokon, Inc. shall not exceed the purchase price paid by the 

purchaser to Geokon, Inc. for the unit or units, or equipment directly affected by such breach. Under no 

circumstances will Geokon reimburse the claimant for loss incurred in removing and/or reinstalling equipment. 

Every precaution for accuracy has been taken in the preparation of manuals and/or software, however, 

Geokon, Inc. neither assumes responsibility for any omissions or errors that may appear nor assumes 

liability for any damages or losses that result from the use of the products in accordance with the 

information contained in the manual or software. 
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1. Theory of Operation ____________________________________________  

Geokon vibrating wire soft inclusion stress cells (SISC) are designed primarily for long-term measurements of 

stress changes in rock, by utilizing a vibrating wire transducer to measure the deformation of a steel ring 

preloaded into a borehole by a wedge and platen assembly as shown in figure 1. 

 

 

 

 

 

 

 

 

 

In use, changing rock stresses impose changing loads on the steel ring causing it to deflect, and this deflection 

produces a change in tension and resonant frequency of vibration of the vibrating wire strain gage element fixed 

across one diameter.
 
The square of the vibration frequency is directly proportional to the change in diameter of 

the gage and, by calibration, to the change in stress in the rock. 

The actual calibration of the gage depends upon many factors including the host rock elastic constants, the pre-

stress applied during installation, the orientation of the SISC cell with respect to the principal rock stress 

direction, and the platen contact area. Thus the accuracy of the gage reading is largely indeterminate and the 

indicated stress magnitude can only be approximate. 

A coil and magnet assembly clipped over the strain gage assembly is used both to excite the wire and sense the 

resultant frequency of vibration.
 
When the gage is connected, a pulse of varying frequency is applied to the coil 

and magnet assembly, and this causes the wire to vibrate at its resonant frequency.
 
The wire continues to vibrate, 

and a signal, at the gage frequency, is induced in the pickup coil and transmitted to the readout box where it is 

conditioned and displayed. 

In theory, the effective modulus of the SISC cell is very low and does not impede the free movement of the host 

material, and therefore conversion of the readings to changes in stress does require an accurate knowledge of the 

rock modulus, and this is the reason for using the term “soft inclusion stress cell” for this device. 

The SISC cell is a uniaxial device, and to completely evaluate stress changes in a given plane, three SISC cells 

installed at 0°, 45°, and 90°, or 0°, 60°, and 120° orientations, are required. 

Figure 1. Vibrating Wire Soft Inclusion Stress Cell (SISC) 
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The gage wire in the Model 4360 Series SISC cells runs perpendicular to the direction in which the gage body  

is loaded.
 
This gives the gage a very high range and, since as the load increases the wire gets tighter, the wire 

never goes slack. 

Gage installation is accomplished by expanding a wedge mechanism between the gage body, and the platen which 

contacts the borehole walls.
 
Preloading to desired levels is accomplished by actuation of the mechanism; cells set 

at a high preload can measure reductions of compressive stresses in the host material. 

 

2. Installation______________________________________________________  

2.1 Preliminary Checks 

Upon receipt of the SISC cell the zero reading should be checked and noted along with the temperature if a 

thermistor is included in the gage.
 
Gage connections are normally red to red and black to black, although with the 

GK-401 Readout Box these can be reversed without changing the readings.
 
Zero readings at the site should 

coincide with the factory readings within a few digits after corrections for temperature are made. Squeezing the 

SISC Cell should make the readings change. 

2.2 Borehole Requirements 

The Model 4360 SISC cell is designed for use primarily in diamond drill holes which can range in diameter from 

76mm (3”) to 150mm (6”) when using the standard wedge and platen assembly. Standard sizes are 150mm, (6”); 

NX size (76mm), and PQ size (85mm).Gages can be set in percussively drilled holes and drag bit drilled holes also, 

provided that care is taken to get the proper hole diameter with a smooth wall. If the walls are rough the gage response 

(calibration) can be affected. 

 The Model 4360-1 SISC cell is designed for use in NX diamond drill holes (76mm). The wedge and platen range 

allows for holes from 75mm to 77mm. 

The Model 4360-2 SISC cell is designed for use in 6 inch diamond drill holes (152 mm). The wedge and platen range 

allows for holes from 151mm to 157mm. 

  

2.3 Setting the Model 4360-1 SISC Cell (NX  size) 

Mount the SISC cell on the setting tool by pushing the nylon threaded pieces into the matching holes in the 

setting tool head. Feed the gage leads through the slot in the setting head. (See figure 2 on the next page ). 

Next, fed the first section of 1/4 “ rod through the hole in the setting tool above the button. Connect the first 

section of ¼” rod to the yoke attached to the thin end of the wedge. Note that the first section of rod has one end 

with a ¼-20 Left Hand Thread on it. This will connect to the left-hand thread in the yoke. 

Attach the first section of the 3/4”positioning rod to the back of the setting tool head. Push the SISC cell into the 
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hole using the positioning rod. The buttons on the setting rod connectors indicated the orientation of the wedge/ 

platen assembly. Thus for making measurements in a vertical direction keep the buttons to the top of the rod, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure 2. Vibrating Wire SISC cell installation tool assembly. 
  

As the ¾” positioning rod is pushed into the hole, add new sections of both ¾” and ¼” rod until the desired depth 

has been reached. Orient the SISC cell in the desired orientation. Usually it is best to align the cell in the direction 

of the anticipated. maximum principal compressive or tensile  stress direction 

Now slide the slide hammer over the last section of ¼” rod and then thread the anvil block onto the outer end of the ¼” 

rod. Connect the GK-403 or GK-401 readout box to the lead wires and switch to position  “B”. Take initial readings. 

Holding the positioning rod firmly at its correct depth and orientation, slide the slide hammer back up the ¼” rod, 

then side it quickly back to the anvil striking it a sharp firm blow. This will pull the wedge into the platen thereby 

expanding it against the wall of the borehole. 

After the first blow, take another reading on the GK-403 or GK-401 and observe the change in reading. The 

recommended preloads are as follows: for situations where the expected stress change is compressive the preload 

can be small, however, the minimum reading on channel B after preload should be not less than 2500. For 

situations where stress changes could be negative, i.e. a diminution of compression or tension , or in situations 

where blasting vibrations could dislodge the cell, then a heavier preload is recommended.  

Use as many blows of the hammer as is necessary to achieve this reading. When the desired reading has been 
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achieved, disconnect the ¼” rod from the wedge yoke by turning clockwise (remember, left hand thread). 

Remove the ¼” rod from the hole, then disengage the setting tool from the SISC cell by pulling on it. 

For multiple installation of cells in a single hole, route the lead wires from deeper cells in the recess in the side of 

the setting tool head. Maintain tension on these wires, as subsequent cells are pushed into the hole. 

 

If necessary, after setting the cells and obtaining the final readings, push the leads back into the borehole and seal 

the borehole using an expandable rockbolt anchor or a short bolt. This will discourage vandalism if this is a problem. 

Note that the SISC cell initial readings will probably diminish slightly over the first day or two as the cell beds 

firmly into place. 

2.4 Recovering the SISC Cell 

After tests, the SISC cell can be removed from the borehole by using the setting tool. Only the larger setting rods 

are required along with the setting tool head, which is used to strike the outer tip of the wedge. This will drive the 

wedge out from under the platen and allow the SISC cell to be pulled from the hole using the electrical cable. 

Make sure that the setting head is twisted so that the flat part of the front face lies opposite the wedge. 

2.5 Setting the Model 4360-2 SISC Cell  (150mm size) 

After preliminary checks have confirmed that the cell is operating properly, mount the SISC cell onto the front 

face (Part 1) of the Installation Head.  (See Figure 3). This is done by first passing the SISC Cell cable through 

the hole in the setting head (see figure 3) and then  pushing the two ¼ inch threaded nylon rods on the SISC Cell 

into the mating holes on the Installation Head until the SISC Cell is flush with the Head surface.  It may be 

necessary to twist the Socket Weldment, (Part 3), so that hex socket fits around the hex-headed bolt on the cell.  

For downward holes it may be advisable to further secure the cell to the head by means of tape that will break 

loose once the cell has been wedged into the borehole. (For horizontal or upward inclined holes this is not 

necessary). 

Now add the first section of setting rod to the button connector in the center of the head and then attach the first 

section of ½ pipe to the socket weldment. Note that the threads on the weldment and on all sections of the 

pipe are left-hand threads. Use a pipe wrench to tighten the threads on the pipe. Continue pushing the SISC Cell 

along the borehole adding more sections of setting rod and pipe as needed until the desired cell location is 

reached. Use the buttons on the setting rod as a guide to maintaining the desired orientation of the SISC cell as the 

cell is pushed into the hole. (The buttons on the setting rod are in line with the wedges on the SISC Cell. 

When the proper depth has been reached, connect the gage leads to a readout box and take readings on Channel 

C. To expand the wedges on the SISC Cell use a pipe wrench to turn the setting pipe in a counter-clockwise 

direction.  The normal no-load reading of the gage is around 2000 digits, watch the gage reading and continue 

turning the pipe until the reading increases by approximately 1000 digits.  A higher preload can be used if the 

gage is near blasting or if the direction of the anticipated rock stress changes is tensile. When the cell is tightened 
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in place, pull on the setting rod and pipe to dislodge the setting head from the cell. 
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Figure 3.  Installation Head for 150mm size SISC Cell 

3. Taking Readings ________________________________________________  

3.1 Operation of the GK-403 or GK-401 Readout Box 

The GK-403 or GK-401 Readout Box provides the necessary excitation and signal conditioning for the Model 

4360 Series SISC cells. To take readings, the readout box is connected to the cell by a jumper cable. 

1. Turn the display selector to position  “B”., for 4360-1 NX size cells and Channel C for 152mm (6inch) size 

cells. 

2. Turn the unit on and a reading will appear in the front display window. Zeros in the display indicate either a 

faulty connector, a damaged gage or high levels of electrical noise. Connect the ground lead to the cable shield 

(in this last case) and if the signal still does not appear, trouble-shooting is required (see Section 6). 

3. The unit will automatically turn itself off after approximately 4 minutes to conserve power. 

4. NOTE: When reading the cell before installation it may be necessary to use channel A because the cell 

gage frequency may be just outside the B position excitation range. Convert A readings to B readings 

by squaring and then inverting.  

3.2  Operation of the GK404 Readout Box 

 

The GK404  is a palm sized readout box which displays the Vibrating wire value  and the temperature in degrees 

centigrade. 

The GK-404 Vibrating Wire Readout arrives with a patch cord for connecting to the vibrating wire gages.  One 

end will consist of a 5-pin plug for connecting to the respective socket on the bottom of the GK-404 enclosure.  

The other end will consist of 5 leads terminated with alligator clips.  Note the colors of the alligator clips are red, 

black, green, white and blue.  The colors represent the positive vibrating wire gage lead (red), negative vibrating 

wire gage lead (black), positive thermistor lead (green), negative thermistor lead (white) and transducer cable 

drain wire (blue).  The clips should be connected to their respectively colored leads from the vibrating wire gage 

cable. 

 

Use the POS (Position) button to select position B (NX size)  or C (6 inch size) and the MODE button to select 

Dg (digits). 

Other functions can be selected as described in the GK404 Manual. 

The GK-404 will continue to take measurements and display the readings until the OFF button is pushed, or if 

enabled, when the automatic Power-Off timer shuts the GK-404 off. 

The GK-404 continuously monitors the status of the (2) 1.5V AA cells, and when their combined voltage drops to 

2V, the message Batteries Low is displayed on the screen. A fresh set of 1.5V AA batteries should be installed at 

this point 
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4.Data Reduction __________________________________________________  

4.1 Calibration 

The GK 401,GK-403 or GK-404 Readout boxes excite the gage and measures the period of 255 cycles (or less) of 

gage vibration, using a 6.144 MHz quartz oscillator. 

 Position “B” is used for the model 4360-1 SISC cell, and position C for the model 4360-2 the processor converts 

the period readings to units of frequency squared which is proportional to wire strain, SISC cell body deflection 

and applied stress. 

To obtain the change in borehole diameter the following equation applies: 

 U = (R1 – R0) G, where 

 U = deflection in mm or micro inches, 

 R0 = initial reading on channel B at zero stress  

 R1 = reading on channel B at a subsequent stress level. 

 G = calibration factor (in mm or micro-inches) taken from the calibration chart supplied with 

the cell. 

For example: where G = 2.4388 micro-inch per digit. If the initial reading is 2500 and the subsequent reading is 

3000,  then U = (3000-2500) x 2.4388 = 1219 micro- inch 

4.2 Corrections for Temperature Changes 

Because of the material used in construction of the SISC cell body is the same as the material of the vibrating 

wire, the device is relatively unaffected by changes in ambient temperature. Since these gages are normally 

installed underground in constant temperature environments corrections are not normally applied. 

However, SISC cells can be equipped with thermistors for temperature measurement.  

It should be noted that this zero temperature correction factor is for a gage in a free field with no restraints. In a 

field condition where the gage is firmly placed in a borehole the gage temperature sensitivity is also dependent on 

the gage/rock interactions, and these relationships are very complex and beyond the scope of this manual. In-situ 

calibration would be required for accurate determination of the thermal characteristics of the gage. 

4.3 Environmental Factors 

Since the purpose of the SISC cell installation is to monitor site conditions, factors that may affect these 

conditions should always be observed and recorded. Seemingly minor effects may have a real influence on the 

behavior of the structure being monitored and may give an early indication of potential problems. Some of these 

factors include, but are not limited to: blasting, rainfall, tidal levels, excavation and fill levels and sequences, 

traffic, temperature and barometric changes, changes in personnel, nearby construction activities, seasonal 
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changes, etc. 

4.4 Theoretical considerations 

The deformation of a borehole in a biaxial stress field is given by: 

 U = [(S+T) + 2(S-T) cos 2 θ] d/E 

      Where U is the deformation of the hole (change in length of the diameter). 

                  d is the diameter of the borehole, 

                  S and T are the applied stresses, 

                  θ is the angle measured positive in a counterclockwise direction from the  

                    direction of S to the direction of the measured diametral change U. 

                  E is the modulus of elasticity of the host material. 

 When θ is 0°: U =  (3S-T) x d/E 

 When θ is 90°: U =  (3T-S) x d/E 

In uniaxial stress fields T is zero and θ = 0°; S = EU / 3d  

 In biaxial stress fields: S+T = (U1 + U2 + U3) x E / 3d(1-ν2) 

  S-T =[(U1 – U2)2 + (U2 – U3)2 + (U1 – U3)2) ]1/2  x √2 E / 6d(1-ν2)   

 And tan 2θ1 = √3 (U2-U3) / (2U1-U2-U3) 

Where U1, U2 and U3 are deformations measured across diameters 60° apart and θ1 is the angle measured positive 

in a counter-clockwise direction from S to U1. (See figure 3). 

 

 

 

 

 

 

 

 

 

                                                 Figure 3. Cross-section for a 60° deformation rosette. 
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5.Trouble Shooting ________________________________________________  

Maintenance and trouble shooting of vibrating wire SISC cells is confined to periodic checks of cable 

connections and maintenance of terminals. The transducers themselves are sealed and cannot be opened for 

inspection. 

If a unit fails to read, the following steps should be taken: 

1. Check the coil resistance. Nominal coil resistance is 180 Ω ± 5,  plus cable resistance (22 gage copper = 

approximately 20 Ω per 1000 feet). 

a. If the resistance is high or infinite a cut cable must be suspected. 

b. If the resistance is low or near zero a short must be suspected. 

c. If resistances are within the nominal range and no reading is obtained, the transducer is suspect and the 

factory should be consulted. 

d. If all resistances are within nominal and no readings are obtainable on any transducer, the readout is 

suspect and the factory should be consulted. 

3. If cuts or shorts are located, the cable may be spliced in accordance with recommended procedures. 

4. If readings are unstable try connecting the ground clip on the readout box to the cable shield. 


