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Introduction 

Rock mechanics is a vital decision-making tool for many multi-million dollar drilling and 

petroleum engineering activities including: 

 in situ stress evaluation; 

 borehole stability of vertical, deviated and horizontal wells; 

 stress and natural fracture orientation; 

 sand failure and sand production assessment and control; 

 pore volume compressibility; 

 reservoir compaction, tubular failure and surface subsidence as a result of depletion; 

 hydraulic and acid-fracturing designs;  

 dipole sonic log calibration. 

Quantitative data on rock mechanical properties can only be obtained on core.  However, 

without a carefully designed testing programme, supervision and management of the 

testing laboratory, coupled with rigorous quality control of the results, accurate 

determination of rock mechanical properties cannot be achieved. 

This article will outline important quality control tips that will ensure that the samples 

used in the testing programme and the results of testing provide fit for purpose data.  

Selecting Test Intervals 

Core selection depends on the type of study being undertaken; a wellbore stability study 

requires test results on both sandstone and shale intervals, whilst for compaction and 

sanding studies the focus would normally concentrate on sandstone sections only. 

Selected intervals should cover the entire pay zone and have a good distribution along the 

study section. Shale cores are only rarely preserved so, in the majority of wellbore 

stability studies, shale strengths are estimated from generic correlations with wireline 

logs. 

Sample selection should not rely on core photographs, image log data or logs:  it is 

essential to inspect the core at the lab to get a visual estimate of strength and to evaluate 

any core damage.  In addition it is important to review the core with all available 

petrophysical logs and RCA data. Ensure that the testing plan covers both 

weak/unconsolidated and strong/consolidated rocks thus increasing the dynamic range for 

log calibration and enabling the construction of a reliable geomechanical model.  In some 

cases, cores may have been slabbed following petrophysical analysis which will severely 

constrain rock mechanics test sampling – it is much better to take samples at the same 

time as petrophysical samples – before the core is slabbed for photography. 

It is important to take samples from whole core rather than using sidewall cores. 

Sidewalls are taken directly at the sand face where the formation may have been 



thoroughly flushed with mud filtrate and damaged by the drilling process. Figure 1 plots 

UCS versus depth from sidewall core samples (SWC) and plugs taken from the relatively 

undisturbed whole core (conventional) in the same well. Clearly the sidewall cores have 

been considerably weakened and, in this case, indicated a potential sand production issue 

where none existed. 
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Figure 1:  UCS strength from sidewall and conventional core. 

 

Sample plugs are often altered when taken from in situ conditions to laboratory 

conditions. Alteration can be due to stress release, pore pressure change, thermal effects, 

chemical effects, and core handling (Fjaer, Holt et al. 2008). Special care should be taken 

not to select altered rock for testing programmes as these can result in spurious data 

which may significantly affect the results of future analyses. 

It has been shown that laboratory testing on rock altered due to stress release resulted in 

significant effects on the mechanical properties of sandstone resulting in reduce in rock 

strength, stiffness, and acoustic velocities (Holt, Brignoli et al. 2000). 

Figure 2 shows some examples of core alteration which can be minimized by a good 

preservation practice. 

 



a  b  c   

Figure 2: Poor core condition for testing: a. weathered shale, b. stress release 

fractures, c. foam penetrating the core 

 

Note whist foam is generally an accepted core stabilisation method any if evidence of 

foam penetration into the core is observed plugging should be avoided. 

 

Freezing the core to aid plugging can result in considerable damage. Slow freezing can 

result in damage to grain boundaries. Rapid freezing limits such damage but the large 

thermal shocks can cause fracturing along thin bed boundaries. If the core is frozen it is 

essential to take samples for rock mechanics tests at the same time as samples for 

petrophysical analysis, as freeze-thaw cycling will destroy the rock texture in weak sands. 

Selecting the Right Laboratory 

It is crucial to visit and audit the rock mechanics laboratories. This audit should include: 

 laboratory  personnel 

 test equipment 

 core management system 

 handling systems 

 calibration practices 

 test procedures  

 report quality 

Clear and effective communication with key lab personnel is essential to ensure and 

maintain quality. 

Factors Influencing Test Results 

A number of parameters can influence the results of rock mechanical tests (specifically 

strength and elastic constants). These parameters are either a function of the rock itself 

(rock properties) or can be artefacts of the test procedures.   

Rock properties which define the strength include: 

 

 Mineralogy: Rock strength is directly related to the strength of its components 

including minerals and cementation; e.g. higher quartz content results in stronger 

rock (Fig. 3a).  Authigenic clays have a considerable influence on rock strength, 

especially as a result of clay swelling/migration on contact with water. 

 Porosity: Rock strength will decrease with increasing porosity in a specific rock 

type (Fig. 3b).  

 Grain size: Fine grained rocks are stronger than coarse grained rocks of the same 

type and degree of cementation as the effective contact surface of the grains 

increases with decreasing grain size (Fig 3c).  



 Number and nature of grain contact: the average numbers of grain-grain 

contacts has a positive correlation with rock strength (Fig. 3d). The type of grains 

contact also impacts on rock strength (Plumb et al. 1992). 

 Anisotropy: The direction of anisotropy (beddings, weak planes, and set of 

fractures) with respect to the loading axis is one of the most important factors 

which control the strength. Experimental studies have revealed that a 30  angle 

between loading axis and anisotropy results in the lowest rock strength (Akai 

1971; Fahimifar and Soroush 2003). 

 

     

      

Figure 3: Correlation of some sandstone properties with strength  

Test artefacts are related to sample preparation, test procedure and testing equipments and 

include: 

 

 Plug end surfaces: The condition of the contact surface between plug and 

loading system platens can affect the result of the common geomechanical tests 

(UCS, triaxial and compaction). Any irregularities on the end surfaces of the plug 

will increase friction and cause premature failure. To ensure that this does not 

occur, the end surfaces must be lathed parallel to avoid any stress concentration 

near the edges. Figure 4 demonstrates tensile splitting due to poor surface 

preparation (effectively the end faces have been exposed to a point load).  

 Plug size: Sample size has a significant effect on tests results. Larger samples can 

have lower strength as they may include more fractures and planes of weakness. It 

is recommended that the diameter of the plug should not be less than 10 times size 

of the largest grain in the rock. 

 Plug dimensions: One of the most important geometry factors affecting the test 

result is the ratio of length to diameter of the plug. The shorter the ratio is, the 



stronger the plug will be. International Society of Rock Mechanics (ISRM) 

recommendations call for samples with a minimum L: D ratio of 2:1. 

 Fluid content and type: Fluid content influences the test results due to the 

interaction it has with the rock. In shaly sands, clay swelling and migration can 

severely disrupt the rock texture if incompatible test fluids are used to saturate the 

samples. Using an inert fluid such as mineral oil (even for tests on gas reservoir 

samples) will minimise incompatibility effects. 

 Temperature: Rock strength decreases with an increase in temperature.  Few 

tests are carried out at reservoir temperatures due to costs and the normally 

second order effects of temperature.   

 Loading rate: A faster loading rate will result in higher strength and Young’s 

modulus due to time-dependent effects (creep) imposed by slower loading. 

 Machine stiffness: The stiffness of the testing machine should match the sample 

stiffness. Utilizing a “soft” machine for a stiff rock material will result in rock 

burst and will not allow any record of post-failure behaviour of the sample. 

 

Figure 4: Pre-mature failure of sample in tensile mode due to bad surface 

preparation 

Quality Control Checks for the Common Rock Mechanics Tests  

 

For all tests ensure that a CT scan and review is performed before the  test to provide a 

clear picture of any features which may affect the test results (e.g. micro-fracture, large 

grains, heterogeneity, planes of weakness, anisotropy etc.). Figure 5 shows an example 

where sample heterogeneity has influenced failure. In addition, taking photos before and 

after test helps understanding the failure status and consequently the test quality. 

 



 

Figure 5: Effect of pre-exist heterogeneity in the plug detected by CT Scanning and 

its influence on the failure plan 

 

For UCS tests the following data must be reported by the laboratory and controlled 

by the testing supervisor: 

 

 Sample size: In the oil industry, plugs of 1.5” and 1” (38 and 25.5 mm) diameter 

are acceptable, although it is not strictly in accordance with the standard 

procedures. 

 L:D Ratio: A ratio of 2-2.5 is acceptable, however if the ratio is less than 2, 

correction factors are applied to account for boundary effects. The equation below 

is one of the most common correction factors: 

875.025.0 
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D
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where: 

Lp  plug length (mm) 

D: plug diameter (mm) 

 

 Loading rate: It is recommended to fail the sample in 5-15 minutes or a loading 

rate of 0.5-1 MPa/s. Any data resulting from tests with a different loading rate 

should be corrected if possible or be used with caution.  

 Steel platens: Loading platens are usually made from hardened steel. Use of these 

platens is required to minimize the friction between the plug and the machine. A 

minimum thickness of 15 mm or equal to one third of plug diameter is 

recommended. The diameter of platens must be between D and D+2mm, where D 

is the plug diameter. 

 Plane of failure: Theoretically the plane of failure in UCS test should occur at an 

angle of 
24


  with the loading axis; however, it usually does not happen in 

brittle and very weak rocks due to the effects of other parameters. Although we 

should not accept or reject a test because of the plane of failure, it is still a good 

idea to check it.  

 Axial and radial strain gauges: In most laboratories, axial and radial strains are 

measured at two different locations on the plugs to reduce the result of non-

Before 
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After 
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Internal defect causing 

heterogeneous failure 



homogeneous deformation. Radial strain gauges must be mounted in the middle 

of the plug where the maximum deformation is expected. To control the reliability 

of the measurements, it is necessary to plot all available strain gauge data to 

ensure they are working properly. Figure 6 shows a case where one of the radial 

strain gauges is not working, although the average radial strain still seems to be 

correct. Poisson’s ratio calculated from this measurement would not be reliable, 

however. 

 

Figure 6: Radial strain versus axial strain plot strain gauge No. 2 is not working. 

 

 

For single stage triaxial tests the following quality controls should be undertaken: 

 

 Number of plugs: Normally, single stage triaxial tests are carried out on a set of 3 

or 4 plugs (each tested at different confining stresses). Conventional core 

dimensions may restrict the number of samples that can be taken at a given 

location (especially if the core has been slabbed) so formation heterogeneity may 

need to be considered if samples are taken at different locations. In this case 

multi-stage triaxial tests (MST) on a single sample can provide an alternative to 

single stage tests. 

 If the intention is to obtain elastic moduli for compaction and fracturing studies, 

then the confining pressure is selected to approximate the in situ (far field) 

reservoir effective stress.  For borehole stability and sand production studies the 

confining stresses are normally lower and should approximate the effective 

tangential stresses that act around the well or perforation tunnel. 

 The stiffness of the rubber membrane used to protect sample from confining 

pressure in the test cell, should be suitable for the rock stiffness to minimize 

strengthening of the sample. 

 To ensure a perfect axial loading a spherical seat must be used at the top and the 

bottom of the plugs. 

 Volumetric strain check: When confining pressure is high in comparison to rock 

strength the plug is prone to compaction rather than failure in shear mode. This 

compaction may significantly increase the final strength of rock. It is often 

difficult to recognise sample compaction by observing ordinary stress-strain plots. 

Plotting axial stress versus volumetric strain helps define the occurrence of any 

compaction during the test. As Figure 8 illustrates, in a compaction-free test 



volumetric strain increases with loading showing closure of pre-existing fractures 

and after a certain point, where the sample starts to dilate due to micro-fracture 

propagation, then decreases with any further loading. If volumetric strain shows 

any increase again after the dilation point, this signals a compaction event. It is 

noteworthy that these events usually do not have any impact on axial stress-axial 

strain and axial stress-radial strain plots.   

 

a.  b.  

Figure 8: Recognising sample compaction in triaxial test; a. test without 

compaction, b. test with compaction. 

 

For Thick Wall Cylinder (TWC) tests the following quality control tips are relevant: 

 

 Sample size and shape: The TWC tests are performed on a 1” or 1.5” diameter 

hollow cylinder, with an OD:ID ratio of 3:1 and L:OD ratio of 2:1. The internal 

hole must be centred with a maximum diameter variation of 0.2 mm.  Normally, 

the test sample is obtained by over coring (i.e. coring the inner hole then 

overcoring to produce the test sample) rather than drilling a hole through the 

length of the plug sample. 

 Failure detection: There are different approaches to recognise plug failure. Some 

labs use fluid volumes expelled from the centre hole to detect the “yield point” 

(which corresponds to the initiation of sample internal hole failure) and the stress 

where the plug totally collapses (external failure)..  Figure 9 plots some typical 

data.  Some labs use internal hole calipers, some monitor the weight of solids 

produced and some labs use endoscopes to detect or visualise the inner hole 

deformation and the initiation of solids production. 
 

 Bumi-1, Depth: 4209.29 feet, Sample: B1c
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Figure 9: TWC internal and external wall failure example from volumetric data 

 

For compaction tests, the following quality control issues need to be considered: 

 

 Compaction tests are quite difficult to perform and some test procedures can 

involve many different loading and depletion stages.  To assess whether the 

laboratory has followed the specified test procedure it is essential for the lab to 

provide digital data so that all measured stress (Figure. 10) and strain gauge data 

can be plotted as a function of time.   

 In the example shown in Figure 10, the sample has been initially loaded under 

hydrostatic (or isostatic) conditions to confining stresses that approximate the 

total in situ horizontal stress and pore pressure conditions.  The axial load (in this 

case for a vertical sample) is then increased to approximate the reservoir total 

vertical stress.  Loading is continued by depleting the pore pressure in stages 

(from initial conditions to abandonment pressures) which increases the effective 

stresses acting on the pore system. Compaction coefficients and the depletion 

constant should be calculated in different depletion stages and be compared to 

ensure that they are reasonably close. Any anomalous results should be deleted. 

 Young modulus and Poisson’s ratio are calculated in the deviatoric loading stage 

where the radial stress is constant.  Grain compressibility is calculated in the 

hydrostatic loading stage.  Pore volume compressibility should be determined 

during the depletion stage as sample asperities and micro-cracks can influence the 

results during initial hydrostatic and deviatoric loading. 

 It is good to check the bulk compressibility from the compaction test with bulk 

compressibility obtained from triaxial tests (if any) at similar confining stresses. 

These compressibilities are not strictly equivalent but should be reasonably close. 

The following equations are used to calculate bulk modulus (K) and bulk 

compressibility (Cb) based on Young’s modulus (E) and Poisson’s ratio () from 

triaxial tests.  This assumes linear-elastic behaviour. 

)21(3 
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Figure 10: Different stresses vs. time reveals the actual loading stages 

 

Summary and Conclusion 

 

The value of correctly measuring and quality controlling geomechanical data results in a 

significantly large economic impact which can result from an identified risk of failure at a 

contractor laboratory.  It therefore pays to have the best data acquisition possible because 

the net present value of the total project is at risk in direct proportion to the possibility of 

measured inaccuracy.   

 

The key steps in designing, then managing a successful rock mechanics test programme 

are: 

1. Meet with drilling personnel, wellsite engineers and geoscientists to review core 

drilling, core recovery and wellsite handling, storage and transportation 

procedures. 

2. Design and specify the test and reporting procedures to be adopted in the scope of 

work. Detail any modifications that may be required to the test programme (for 

example, to resolve any anomalous or inconsistent results, as the data becomes 

available).  Specify deliverables, milestones and project reporting. 

3. Select the laboratory contractor.  Do not base the selection solely on price unless 

there is a overriding justification for this. Use the consultant to audit the tendering 

laboratories and assess their capabilities to perform the work to the required 

standard. 

4. Review and quality control the project results and progress at regular intervals.  

Review contractor performance against initially set goals, objective and 

deliverables.  Analyse and quality check the contractor’s data as soon as possible 

after they are received – do not wait until the final report has been delivered! 

5. Prepare a final report on the rock mechanics test study which will reconcile test 

data with other well and reservoir data, provide appropriately interpreted and 

reliable data that can be used for geomechanical models. 

 

This systematic approach will ensure that the end-user benefits from: 

 appropriate and reliable rock mechanics data; 

 improved integration of core test data with other well/reservoir data; 

 cost savings through the elimination of wasteful or inappropriate testing. 

Appendix: List of tests standards: 

 

UCS Test Standards: 

 ISRM (1979), Suggested Method for Determining the Uniaxial Compressive 

Strength and Deformability of Rock Materials (Brown 1981); 

 ASTM D 2938-86 (2007), Standard Test Method for Unconfined Compressive 

Strength of Intact Rock Core Specimens (ASTM 2008).  

Single Stage Triaxial Test Standards: 

 ISRM (1983), Suggested Method for Determining the Strength of Rock Materials 

in Triaxial Compression (Revised Version). 



 ASTM D 2664 (2004), Standard Test Method for Triaxial Compressive Strength 

of Intact Rock Core Specimens Without Pore Pressure Measurement (ASTM 

2008). 

 ASTM D 5407 (1995), Standard Test Method for Elastic Moduli of Intact Rock 

Core Specimens in Triaxial Compression without Pore Pressure Measurement 

(ASTM 2008). 

Multi Stage Triaxial Test  Standards: 

 ISRM (1983), Suggested Method for Determining the Strength of Rock Materials 

in Triaxial Compression (Revised Version). 
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