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ABSTRACT 

Systems provide for testing a cement by applying force in a first direction until the first portion 

of the cement sample fails in compression or tension; and applying force a second direction 

opposite the first direction until the second portion of the cement sample fails in tension or 

compression. A sample container has wall segments defining a first (126) and a second interior 

volume (138) which are connected via an aperture. A piston (130), when moved in one direction, 

applies compression to the sample portion in the first interior volume (126), and when moved in 

the opposite direction, applies tension to the sample portion in the second interior volume (138).  

The device can also include means for adjusting the ambient pressure and temperature in order to 

simulate downhole conditions.



TESTING COMPRESSIVE AND TENSILE STRENGTH OF CEMENT IN A SINGLE 

DEVICE 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the priority from U.S. Patent Application 

Serial No. 13/409,745 filed March 1, 2012. The content of this application is 

incorporated herein by reference in its entirety.  

[0001 a] The present application is a divisional application from 

Australian Patent Application No. 2013226471, the entire disclosure of which is 

incorporated herein by reference.  

TECHNICAL FIELD 

[0002] This disclosure relates to measuring mechanical properties.  

BACKGROUND 

[0003] Some well bores, for example some oil and gas wells, are lined 

with a casing. The cemented casing stabilizes the sides of the well bore, prevents fluids 

(liquids or gases) in the well bore from entering the surrounding earth formations, and/or 

prevents fluids from zones other than the producing zones from entering the well bore.  

[0004] In a typical cementing operation, cement is introduced down the 

well bore and into an annular space between the casing and the surrounding earth. The 

cement secures the casing in the well bore, and prevents fluids from flowing vertically in 

the annulus between the casing and the surrounding earth.  

[0005] Different cement formulations are designed for a variety of well 

bore conditions, which may be above or below ambient temperature and/or above 

ambient pressure. In designing a cement formulation, a number of potential mixtures 

may be evaluated to determine their mechanical properties under various conditions.  

SUMMARY 

[0006] According to the present invention there is provided a method of 

testing a cement, the method comprising: 

forming a cement sample with a first portion axially aligned with a 

second portion; 
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moving a piston in a first direction until the first portion of the 

cement sample fails in compression; and 

moving the piston in a second direction opposite the first direction 

until the second portion of the cement sample fails in tension.  

[0006a] Using the devices and methods described, mechanical properties 

of a cement sample can be measured under both compression and tension in simulated 

downhole conditions. The cement samples can be cured at downhole conditions and then 

tested at desired intervals in the hydration process. The curing or cured samples can be 

subjected to tests including direct pull tensile strength tests and compressive strength 

tests without removal from the pressure vessel being used to maintain downhole 

conditions.  
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This enables the application of drained or undrained unconfined compressive testing 

conditions, drained or undrained confined compressive testing conditions, drained or 

undrained unconfined tensile testing conditions, and drained or undrained confined 

tensile testing conditions as well as hydrostatic test conditions and derivatives. The 

devices and methods described allow for the determination of the stress-strain 

relationship under both uniaxial and triaxial loading in addition to the uniaxial and 

triaxial failure limits as reflected in various characteristic cement values such as, for 

example, Poison's Ratio, Modulus of Elasticity, Bulk Modulus, tensile and compression 

yield and strength, cohesion, and friction angle.  

[0007] In some aspects, systems for testing a cement sample include: at 

least one cement testing apparatus, each cement testing apparatus comprising: a sample 

container having wall segments defining a first interior volume, a second interior volume, 

and an aperture extending between the first sample volume and the second sample 

volume; and a piston connected to the sample container; wherein the wall segments are 

connected to each other such that movement of the piston in a first direction applies 

compression to a portion of the cement sample in the first interior volume and movement 

of the piston in a second direction opposite the first direction applies tension to a portion 

of the cement sample in the second interior volume.  

[0008] In some aspects, devices for testing cement include: a sample 

container having a flexible tubular member defining a first interior volume and a plurality 

of tension members defining a second interior volume, the sample container defining an 

aperture extending between the first sample volume and the second sample volume; and a 

piston connected to the sample container; wherein the wall segments are connected to 

each other such that movement of the piston in a first direction applies compression to a 

portion of the cement sample in the first interior volume and movement of the piston in a 

second direction opposite the first direction applies tension to a portion of the cement 

sample in the second interior volume. Embodiments can include one or more of the 

following features.  

[0009] The flexible tubular member can include a rubber sleeve or could 

be formed from high temperature elastomers or high temperature polymers.  
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[0010] In some embodiments, the wall segments comprise a first tension 

member and a second tension member adjacent the first tension member, the second 

tension member disposed between the piston and first tension member such that 

movement of the piston in the first direction presses the second tension member towards 

the first tension member and movement of the piston in the second direction pulls the 

second tension member away from the first tension member. In some cases, devices 

include a first attachment member engaging the first tension member to limit movement 

of the first tension member towards the piston. Other implementations may use a 

mechanical offset that is part of the cell wall engineered to limit the movement of the first 

tension member as well. The first attachment member can be an elongated member fixed 

in position relative to an end wall of the sample container opposite the piston, the 

elongated member extending through a bore defined in first tension member. In some 

cases, the elongated member comprises a flanged head and the second tension member 

defines a recess aligned with and sized to receive the flanged head of the elongated 

member. The second tension member can be attached to the piston.  

[0011] In some cases, a transverse cross-section of the second interior 

volume taken at an intersection between the first tension member and the second tension 

member is smaller than at least one transverse cross-section of the second interior volume 

taken at a location within the first tension member and at least one transverse cross

section of the second interior volume taken at a location within the second tension 

member. In some cases, devices include a flexible tubular member disposed in a recess 

defined by in the first tension member and the second tension member.  

[0012] In some embodiments, at least one wall segment defining the first 

interior volume of the sample container is formed of a material that does not significantly 

increase resistance to compression of the portion of the cement sample in the first interior 

volume of the sample container. In some cases, the at least one wall segment defining the 

first interior volume of the sample container comprises a flexible tubular member.  

Examples of flexible tubular members comprise rubber sleeves, or other high temperature 

elastomers or polymers.  

[0013] In some embodiments, the system further comprises a pressure 

vessel containing the sample container. In some cases, an interior surface of the pressure 
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vessel partially defines the first interior volume of the sample container or the second 

interior volume of the sample container.  

[0014] In some embodiments, the portion of the cement sample in the first 

interior volume and the portion of the cement sample in the second interior volume are 

axially aligned. In some cases, the plurality of tension members comprise a first tension 

member and a second tension member adjacent the first tension member, the second 

tension member disposed between the piston and first tension member such that 

movement of the piston in the first direction presses the second tension member towards 

the first tension member and movement of the piston in the second direction pulls the 

second tension member away from the first tension member. In some cases, devices 

include an elongated member fixed in position relative to an end wall of the sample 

container opposite the piston, the elongated member extending through a bore defined in 

first tension member to limit movement of the first tension member towards the piston.  

Other implementations may use a mechanical offset that is part of the cell wall 

engineered to limit the movement of the first tension member as well.  

[0015] In some aspects, methods of testing cement (e. g. , cement samples 

/ specimens) include: forming a cement sample with a first portion axially aligned with a 

second portion; moving a piston in a first direction until the first portion of the cement 

sample fails in compression; and moving the piston in a second direction opposite the 

first direction until the second portion of the cement sample fails in tension. Either 

compression or tensile testing can be performed first having no effects on the tests results.  

Moreover, sample integrity of either portion of the sample can be maintained while 

running either test. Embodiments can include one or more of the following features.  

[0016] In some embodiments, methods also include: mixing a slurry of the 

cement sample at pressure and/or temperature conditions that are different than ambient 

conditions; and transferring the slurry of the cement sample to the sample container for 

curing without exposure to ambient conditions.  

[0017] In some embodiments, methods also include: curing a cement 

sample at first pressure conditions that are different than ambient conditions; and pulling 

on ends of the sample to apply axial tension to the sample while maintaining the sample 

at the first pressure conditions.  
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[0018] In some embodiments, moving the piston in a second direction 

opposite the first direction until the second portion of the cement sample fails in tension 

occurs after moving a piston in a first direction until the first portion of the cement 

sample fails in compression. In some embodiments, moving the piston in a second 

direction opposite the first direction until the second portion of the cement sample fails in 

tension occurs before moving a piston in a first direction until the first portion of the 

cement sample fails in compression.  

[0019] In some embodiments, methods also include: simultaneously 

setting initial pressure and/or temperature conditions in multiple testing apparatuses; 

isolating at least one of the testing apparatuses from others of the multiple testing 

apparatuses; and testing a mechanical property of cement sample(s) in the at least one of 

the testing apparatuses isolated from others of the multiple testing apparatuses. In some 

cases, methods also include: calculating a failure mode for the cement being tested based 

on testing a mechanical property of the cement sample in each of the multiple testing 

apparatuses. Running a specific test (e. g. , with the same pressure and temperature 

conditions) on multiple testing devices can allow for statistical analyses on the resulting 

measured properties. Running multiple tests (e. g. , with different pressure and 

temperature conditions) on multiple testing devices can allow for performance evaluation 

of the cement system. There is also the potential of evaluating different cement systems 

simultaneously.  

[0020] The methods and systems described can provide one or more of the 

following advantages.  

[0021] The methods and systems described can allow a liquid slurry to 

cure at pressure and temperature conditions and, while curing or after cured, to be tested 

for volume changes, the mechanical response of the sample, and failure limits without 

removing curing, or cured, cement from the testing apparatus. Testing in the curing vessel 

can reduce the possibility that removal of the sample from the testing apparatus could 

impart damage to the sample that would influence subsequent results. Testing in the 

curing vessel can also save time and money, and reduces the limits on the ability to test 

curing in a small time window relative to cure associated with systems which require 

removal of the curing vessel for testing. Moreover, tensile and compressive samples can 
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be cured simultaneously in the same apparatus; both compressive and tensile testing can 

take place on the same testing apparatus as well.  

[0022] The methods and systems described can allow for independent 

control over pore pressure, confining pressure, and load magnitude, direction, and rate. In 

combination, the independent control of these parameters allows for multiple samples to 

be tested in replicate and with changes to one parameter at a time to provide statistics as 

well as different testing conditions.  

[0023] The methods and systems described can provide the ability to cure 

and test cement at conditions that represent a cemented well casing.  

[0024] The devices and methods described incorporate a specially 

designed pressure chamber along with various highly functional parts which allows for 

testing both compression and tension in the same cell without changing components.  

Flexible tubular members (e. g. , rubber sleeves) along the same cell allow for sample 

molding while keeping the same specimen's shape during the initial hydration stage. The 

flexible tubular members offer negligible resistance during testing. A hydraulic piston 

allows the application of axial stress on the cement samples. In some embodiments, the 

same functionality is provided by employing power screws, linear actuators, load frames, 

etc. The cell is configured to cause different portions of a single sample to fail in 

compression and in tension without rearranging any mechanical parts, which will result 

in substantially reduced sample preparation and specimens test time.  

[0025] The details of one or more embodiments are set forth in the 

accompanying drawings and the description below.  

DESCRIPTION OF DRAWINGS 

[0026] FIGS. 1A-IC are cross-sections of a cement testing apparatus.  

[0027] FIG. ID is a partially transparent perspective view of the cement 

testing apparatus of FIGS. 1A-IC.  

[0028] FIG. lE is a truncated partially transparent perspective view of the 

cement testing apparatus of FIGS. lA-1D.  

[0029] FIG. IF shows the disassembled components of the cement testing 

apparatus of FIGS. lA-iE.  
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[0030] FIG. 2 shows the tension (left) and compression (right) portions of 

the sample after the test were performed with arrows indicate where the failure took place 

in each portion of the sample.  

[0031] FIG. 3 shows results of a compression test of a sample cured at 

2000 psi.  

[0032] FIG. 4 shows results of a tension test of a sample cured at 2000 psi.  

[0033] FIG. 5 shows the stress strain relationship during compression 

testing (compressive Young's Modulus).  

[0034] FIG. 6 and FIG. 7, respectively, compare the compressive strength 

and the Young's Modulus calculated based on observations from a prototype dual cell 

testing apparatus and a standard MTS test cell for additional verification testing.  

[0035] FIG. 8 shows results of a tension test of a sample cured at ambient 

conditions. In this case, the pressure on the side of the sample was increased in order to 

generate a failure in tension of the sample.  

[0036] FIGS. 9-11 are cross-sections of cement testing apparatuses.  

[0037] Like reference symbols in the various drawings indicate like 

elements.  

DETAILED DESCRIPTION 

[0038] The described devices and methods incorporate a specially 

designed pressure chamber along with various highly functional parts which allows for 

testing both compression and tension in the same cell without changing components.  

Flexible tubular members, for both tension and compression, along the same cell allow 

for sample molding while keeping the same specimen shape during the initial hydration 

stage. The Flexible tubular members offer negligible resistance during testing. Axial 

stresses can be applied to cement samples using a device such as, for example, a 

hydraulic piston, linear actuator, or a power screw. Confinement/radial stress can be 

applied to samples using a pressure fluid that is directly applied to the sample (e. g., 

pressure fluid controlled by an external pressure source such as a pump or pumps). The 

cell is configured to cause different portions of a single sample to fail in compression and 
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in tension without rearranging any mechanical parts, which can result in substantially 

reduced sample preparation and test time.  

[0039] These devices and methods can allow an accurate measurement of 

mechanical properties and behaviors of cement formulations including, for example, 

tensile strength, compressive strength, shrinkage, and other properties. For example, a 

sample cement composition can be cured or partially cured at downhole conditions (e. g. , 

temperatures may range from extremely cold or below ambient temperatures up to 

substantially higher anticipated bottomhole conditions and pressures may be within 

ambient conditions up to for instance 60,000 psi or greater) while monitoring chemical 

and bulk shrinkage and, at a specified time, changing the stress conditions applied to the 

sample while monitoring the mechanical response until failure occurs or until certain 

stress level is reached. Mechanical properties of the cement sample can be calculated, in 

some cases, based on the response of the sample to the differential stress conditions while 

the failure limits established by the material response or maximum stress endured before 

failure. In some cases, cyclic testing is performed to determine other properties of the 

cement such as, endurance limit or remaining capacity of the cement to withstand cyclic 

loading that simulates well operations procedures such as, for example, lifting, 

stimulation, fracturing, pressure test. Cyclic testing takes into account that the cement 

sheath for oil well applications should be designed considering its integrity not only 

during the early stages of the construction of the well but also during the prolonged life of 

the well simulating well operations (e. g. , cement hydration, hydraulic stimulation, 

hydrocarbon production, fluid injection, gas lift, etc. ). Therefore, determining the 

capacity of a cement to withstand cyclic stresses, which can be accomplished by 

performing cyclic test at various load levels (this is also known as the endurance limit or 

remaining capacity of the cement) can be a key parameter in developing a cement 

formulation that can provide safe, economic and continuous production.  

[0040] As used herein, "cement" and "cement composition" encompass a 

fluid mixture that hardens into a solid, and may be any agent suitable to bond casing or 

other elements (e. g. tubulars) to well bore walls or to other tubing used for downhole 

applications. Some examples of cement include hydraulic cement (e. g. , Portland cement 

formulations), non-hydraulic cement (e. g. , polymer resin formulations), and mixtures 
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thereof having, for instance, silica, Pozzolans, cross-linked polymers, ceramics, among 

other components. As used herein, "curing" refers to the reactions through which cement 

hardens from a fluid mixture into a solid. In some instances, the devices and methods 

discussed herein can be used to measure mechanical properties at temperatures and 

pressures that simulate downhole conditions.  

[0041] As used herein, "tube" and "tubular" encompass hollow members 

(e. g. , hollow members made of metal, glass, rubber, or other material) with open ends.  

Such hollow members can be, but are not necessarily, cylindrical in shape.  

[0042] As used herein, "piston" encompasses driving mechanisms 

including, for example, hydraulic pistons, power screws, and linear actuators. Thus, the 

piston does not necessarily seal against the pressure vessels described below.  

[0043] Referring to FIGS. 1A-IF, a cement testing apparatus 100 includes 

a double cell test module 110 disposed inside a pressure vessel 112. The pressure vessel 

112 includes side walls 118 extending between a lower end cap 120 and an upper end cap 

122. The illustrated testing apparatus 100 is substantially cylindrical in shape. However, 

in some embodiments, the testing apparatus 100 can have other shapes (e. g. , can be 

substantially rectangular in shape). In this description, terms of relative orientation such 

as upper, lower, above, and below are used relative to the orientation of embodiments 

shown in the figures being discussed. Although such terms do not require that the 

illustrated devices be oriented as shown in the figures, the cement testing apparatus 100 

will typically be oriented as shown in FIG. 1A during use.  

[0044] The double cell test module 110 includes a compression cell 114 

and a tension cell 116. The compression cell 114 includes a first tubular flexible member 

124 that extends from the lower end cap 120 of the pressure vessel 112 to the tension cell 

116 of the test module. The lower end of the first tubular flexible member 124 is press-fit 

into a groove formed in an inner face of lower end cap 120 of the pressure vessel 112.  

The upper end of the first tubular flexible member 124 is press-fit into a groove formed in 

the lower face of the tension cell 116. Other positioning mechanisms of the first tubular 

flexible member can, for example, comprise an o-ring pressure seal. The first tubular 

flexible member 124 provides the walls of the compression cell 114 defining a 

compression cell sample volume 126 as a first interior volume of the sample cell. In the 
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illustrated embodiment, side walls 118 are provided by an open ended hollow cylinder.  

An annular space 128 extends around the first tubular flexible member 124, between the 

first tubular flexible member 124 and the side walls 118 of the pressure vessel 112. The 

annular space 128 enables compressive testing of cement in the compression cell sample 

volume 126 without interference due to contact between the compression cell 114 and the 

side walls 118 of the pressure vessel 112 and also enables application of 

confinement/radial stresses.  

[0045] The first tubular flexible member 124 is configured to contain a 

cement slurry as the cement slurry cures without providing significant resistance when 

compressive forces are applied to the cement sample. The first tubular flexible member 

124 is a cylindrical rubber sleeve. In some embodiments, the first tubular flexible 

member 124 has different shapes. The first tubular flexible member 124 can be molded 

from rubber. Alternatively, the first tubular flexible member 124 can be formed using 

machining or laminating techniques from materials including, for example, epoxy, resins, 

and polymers.  

[0046] The tension cell 116 extends from the compression cell 114 to a 

piston 130.The tension cell 116 includes three wall members 132, 134, 136 defining a 

tension cell sample volume 138 as a second interior volume of the sample cell. The 

tension cell sample volume 138 is axially aligned with the compression cell sample 

volume 126. Movement of the piston 130 in a first direction applies compression to a 

portion of the cement sample in the compression cell sample volume 126 and movement 

of the piston 130 in the opposite direction applies tension to a portion of the cement 

sample in the tension cell sample volume 138. Each test can be performed in any order 

and with no influence over the adjacent sample. The piston can be machined from 

stainless steel. Alternatively, the piston 130 can be formed using casting, laminating, or 

molding techniques from materials including, for example, steel, alloys, or composite 

fibers with a resin structure.  

[0047] The lower wall member 132 is mechanically attached to the middle 

wall member 134 to form a combined unit 146 which is slidably mounted on the first 

tubular flexible member 124. The first attachment members 148 are slid through the 

combined unit 146 and are mechanically attached to the lower end cap 120.The first 
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attachment members 148 also function to limit movement of the combined unit 146 

towards the piston 130.For example, in this embodiment, the first attachment members 

can be elongated rods fixed in position relative to an end wall of the sample container 

opposite the piston or the limiting mechanism could be, for example, an offset wall 

employed to limit the combined unit. The elongated rods extending through bores 150 

defined in the combined unit 146. The elongated rods have flanged heads 152 and 

threaded tips 154. The threaded tips 154 of the elongated rods are screwed into 

engagement with the lower end cap 120 of the pressure vessel 112. The bores 150 are 

sized such that the combined unit 146 can slide along the attachment members 148. The 

flanged heads 152 of the elongated rods can limit movement of the combined unit 146 

towards the piston. Some embodiments use other methods of attachment including, for 

example, pressfit engagement, threaded engagement, or J-lock attachment mechanisms.  

[0048] The upper wall member 136 defines recesses 156 which receive 

the flanged heads 152 of the elongated rods. The recesses 156 are sized such that 

downward movement of the piston 130 and upper wall member 136 can push the 

combined unit 146 of the lower wall member 132 and the middle wall member 134 

downward along the elongated rods to compress a cement sample in the compression cell 

sample volume 126. The piston 130 is mechanically attached to the upper wall member 

136. The upper wall member 136 abuts the middle wall member 134 but is not fixedly 

attached to the middle wall member 134.  

[0049] The illustrated embodiment includes three attachment members 

148 disposed 1200 apart around the circumference of the cylindrical tension cell 116 (see 

FIG. 1E). Similarly, the lower wall member 132 is attached to the middle wall member 

134 by three screws 140 disposed 120' apart around the circumference of the cylindrical 

lower and middle wall members 132, 134. Only one of the three attachment members 148 

and one of the three screws 140 are shown in FIG. 1A as the other attachment members 

148 and screws 140 are not in the plane shown in FIG. 1A. Some testing apparatus 

embodiments include fewer or more attachment members 148 and /or screws 140.Some 

testing apparatus embodiments include other attachment members such as, for example, 

mechanically locking mechanisms, and clamps. Sealing components can be disposed in 
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the in the groove and can limit leakage between the second interior volume 138 and 

annular space 128 through the tension wall member 132 and 134.  

[0050] The upper wall member 136 and the middle wall member 134 

together define a recess 142 sized to receive a second sleeve 144. The second sleeve 144 

is disposed extending across the interface between the middle wall member 134 and the 

upper wall member 136. The second sleeve 144 can be configured and installed such that 

the second sleeve 144 does not interfere with separation of the middle wall member 134 

and the upper wall member 136 during tension testing.  

[0051] The middle wall member 134 and the upper wall member 136 are 

tapered toward each other such that the tension cell sample volume 138 has a dog-bone 

shape with a narrow middle portion at the interface between the middle wall member 134 

and the upper wall member 136. In other words, the transverse cross-section CS1 of the 

tension cell sample volume 138 taken at the intersection between the middle wall 

member 134 in the upper wall member 136 is smaller than at least one transverse cross

section CS2 of the tension cell sample volume 138 taken at a location within the middle 

wall member 134 and at least one transverse cross-section CS3 of the tension cell sample 

volume 138 taken at a location within the upper wall member 136. The cement sample in 

the tension cell sample volume 138 will typically fail in tension at this narrow middle 

portion of the tension cell sample volume 138 when the upper wall member 136 is pulled 

away from the middle wall member 134 as discussed in more detail below.  

[0052] In this embodiment, the second sleeve 144 is a cylindrical rubber 

sleeve. In some embodiments, the second sleeve 144 has different shapes. In some 

embodiments, the second sleeve 144 is made of different materials such as, for example, 

high temperature elastomers or resins, and epoxies.  

[0053] The lower wall member 132 defines an aperture connecting the 

compression cell sample volume 126 and the tension cell sample volume 138. As 

described in more detail below, the compression cell sample volume 126 can be filled 

through the aperture in the lower wall member 132. The wall segments (e. g. , first 

tubular flexible member 124, lower wall member 132, middle wall member 134, and 

upper wall member 136) of the full cell test module are connected to each other such that 

movement of the piston 130 in a first direction applies compression to a portion of the 
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cement sample in the compression cell sample volume 126 and movement of the piston 

130 in the opposite direction applies tension to a portion of the cement sample in the 

tension cell sample volume 138 with no effects on the adjacent sample.  

[0054] As described above, the pressure vessel 112 includes side walls 

118 extending from a first end cap 120 a second end cap 122. The side walls 118 include 

ports 162 which can be used, for example, to introduce pressurizing fluid into the 

pressure vessel 112. A counterbore 164 is formed in the end of the cylinder providing the 

side walls 118 that receive the isolation ring 166, which is inserted into the cylinder 

against the end of the counterbore 164. The isolation ring 166 can isolate the fluid being 

used to apply the axial stress from the fluid being used to apply the confining stress.  

[0055] Some configurations do not include the isolation ring or the 

associated counterbore. The second end cap 122 includes a port 168 connected to a 

channel 170 extending through the second end cap 122. Hydraulic fluid (e. g. , oil based 

fluid, water, etc. ) used to control movement of the piston 130 is applied to the piston 130 

through the port 168 and the channel 170. Some embodiments of the devices use other 

driving mechanisms including, for example, hydraulic pistons, power screws, and linear 

actuators.  

[0056] A central protrusion 158 of the first end cap 120 is sized to fit 

snugly within the side walls 118. Similarly, a central protrusion of the second end cap 122 

is sized to fit snugly within the side walls 118. The central protrusion of the second end 

cap 122 is larger than the central protrusion of the first end cap 120. However in the 

configurations with no isolation ring 166, this protrusion is no longer needed.  

[0057] During use, the temperature of fluid in the pressure vessel 112 can 

range from below ambient condition temperatures to the high temperatures associated 

with downhole conditions (e. g. , up to 1000 degrees Fahrenheit). The pressure of the 

fluid in the pressure vessel can range from atmospheric pressure to the high pressures 

associated with downhole conditions (e. g. , up to 60,000 psi). The components of the 

pressure vessel 112 can be made from materials which are strong (e. g. , able to maintain 

structural stability when subjected to high pressures), are durable (e. g. , resistant to 

corrosion by the anticipated pressurizing fluids in the anticipated temperature and 

pressure ranges), and can be formed with the precision necessary to maintain 
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substantially pressure-tight engagement between the components under testing 

conditions. For example, the end caps 120, 122 and sidewall member 118 as well as the 

bottom, middle and top wall members can be machined from stainless steel.  

Alternatively, the end caps 120, 122 and sidewall member 118 can be formed using 

casting, laminating, or molding techniques from materials including, for example, steel, 

alloys, or composite fibers with a resin structure.  

[0058] Seals can limit (e. g. , substantially prevent) leakage between the 

first end cap 120 and the side walls 118, between the second end cap 122 and the side 

walls 118, between the isolation ring 166 and the side walls 118, and between the 

isolation ring 166 and the piston 130 (if the isolation ring is employed), and also in 

between the bottom and the middle wall members, 132 and 134, respectively. In the 

illustrated embodiment, O-rings 160 disposed in recesses extending around the central 

protrusions 158 and around the isolation ring 166 provide the seals. In some 

embodiments, pressure vessels can use other sealing mechanisms including, for example, 

matching threads, gaskets, or metal-to-metal seals.  

[0059] Testing apparatuses can include sensors to measure parameters 

used to calculate properties of samples being tested. For example, testing apparatus 100 

may include linear variable displacement transducers 167 (LVDTs) in suitable positions 

around the compression cell sample volume 126 and or the tension sample volume 138.  

The average reading of the LVDTs can be used to characterize the length change of the 

sample during testing. In addition, LVDTs can be used to measure tangential changes in 

deformation of the sample. Other sensors, such as extensometers, electrical strain gauges, 

lasers, DVRTs, or fiber optic strain gauges, can be used in addition to or in place of the 

LVDTs to measure relevant parameters. For example, four strain gauges (two vertical and 

two tangential) could be attached to interior surfaces of first tubular flexible member 124 

to provide material data that would be difficult to obtain otherwise. Alternatively, strain 

gauges could be attached to exterior surfaces of first tubular flexible member 124.  

Similarly, the amount of fluid (e. g. , water) pumped into the pressure vessel 112 as the 

cement cures can provide a measure of cement shrinkage. Pressure and temperature 

sensors can be included to measure pressures and temperatures present during testing.  

Pressure, temperature, and strain sensors can be used as feedback to control the test 
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process. For example, pressure sensors can control the pump to pressure up or down 

dependent upon a controlled set point. Likewise, the piston loading the test specimen can 

be actuated in a direction depending on the deflection or strain measurements 

experienced by the sample.  

[0060] As shown the FIGS. IC-IE, the exemplary test apparatus 100 

includes two MicroStrain S-DVRTs 167 (Differential Variable Reluctance Transducers) 

with 6-mm of linear stroke, 0.6-tm of resolution, and with an operative temperature 

range up to 347 F. Furthermore, a signal conditioner and a data acquisition system are 

also employed to measure displacement of the portion of the cement sample in the 

compression cell 114. The exemplary test apparatus 100 includes high accurate 

Honeywell pressure gages of 10,000 psi capacity, an accuracy of 0.5% of full scale and a 

0-5 V amplifier. Both pressure and temperature controllers are used in such way that (a), 

downhole conditions are simulated during cement transferring, curing and testing; and (b) 

these conditions are accurately maintained or shift according to the downhole conditions.  

For instance, cement slurry and testing apparatus can be preheated during mixing.  

External or internal heating elements may be employed to keep the desired temperature 

on the cement slurry; or the testing apparatus could be placed in an oven for heating 

purposes. Examples of external heating elements include heating coils or stainless steel 

heating bands and, internal heating coils include, for example, internal electrical 

resistances inside the hydraulic fluid. There are applications where the temperature below 

ambient conditions are present in the wellbore, Cooling coils can be employed to take 

the cement specimen to the desire conditions and allow for its controlled curing. A double 

purpose heating/cooling system may be employed, where a hot fluid is employed when 

temperatures higher that ambient conditions are required; or a refrigerant is employed 

when temperature below ambient conditions are required. The testing apparatus can be 

heated in a sequence that simulates the temperature conditions that a cement system 

would encountered from mixing, placement, and curing during the cementing a wellbore 

casing string. In addition, the test apparatus can simulate other well operation events that 

the cement system may be exposed to including, for example, pressure testing, steam 

injection, fracturing, and hydrocarbon production. As anticipated, tests performed using a 
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prototype testing apparatus have confirmed that changes in the curing temperature and 

pressure change the properties or mechanical response of the cement sample.  

[0061] The testing apparatus 100 can be used to perform a variety of tests 

on cement samples including, for example, tests for uniaxial compressive strength, 

triaxial compressive strength, uniaxial tensile strength, and hydrostatic strength. As 

discussed above, the cement testing apparatus 100 can be used to perform both 

compressive and tensile strength tests on a single cement sample.  

[0062] Compressive tests are performed by applying an axial compressive 

force to the sample. In contrast, direct tensile strength tests are performed by applying an 

axial pulling force on the sample. In either compressive or tensile strength tests, the force 

is, in some cases, gradually increased until the cement sample has failed, or seen the 

maximum amount of force available has been applied. Besides studying the mechanical 

response of cement systems exposed to a single loading condition, it is also valuable to 

determine the response of cement under multiple loading events or fatigue considering 

that it is well known that repetitive loading cycles will decrease the capability of the 

system of withstanding failure. This will allow for simulation of the load history (well 

operations) that the cement system will encounter during the life of the wellbore.  

Measurements are made of the force, axial deformation (AL), and diametric deformation 

(AD). From this information the engineering parameters normal stress (a), axial strain 

(na), lateral strain (01), Young's Modulus (YM) and Poisson's Ratio (PR) as well as the 

compressive strength (CS), and yield point, can be determined.  

[0063] Normal stress is defined as a force applied perpendicular to a unit 

of area. Axial strain is defined as the amount of dimensional change (AL) relative to the 

original length (LO) in the direction of primary stress. Lateral strain is defined as the 

amount of dimensional change (AD) relative to the original Diameter (DO) in a direction 

perpendicular to the primary stress. Likewise, when cement samples are confined at 

pressure greater that ambient conditions, the net stress applied to the sample is the 

difference between the normal stress and the confining stress. Similarly, the net strength 

will be the difference between the ultimate net stress and the confining stress.  

[0064] The results of cement compressive tests can be presented as stress 

versus strain as shown in FIG. 5. In rock mechanics, compressional stress is typically 
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defined as positive; thus, a reduction in dimension is presented as a positive strain. For 

the example stress-strain curve, the positive strain (r) portion of the x-axis is equivalent 

to the axial strain (ra). The curve associated with positive strain is measured and 

mathematically derived from the axial deformation and pressure sensors in an individual 

testing apparatus. When cement is deformed axially in compression, it has the tendency 

to expand in the lateral direction. This results in a strain value that is negative. The curve 

associated with the negative strain values, or lateral strain (01) is derived from the 

diametric deformation and pressure sensors in an individual testing apparatus.  

[0065] Young's Modulus (YM) is a measure of the stiffness of an isotropic 

elastic material and is defined as the ratio of the axial stress over the axial strain in the 

range of stress in which the material has a tendency to deform linearly under stress. In 

moderate stress levels, cement typically deforms linearly and therefore its modulus is 

often reported. The Young's Modulus of a cement sample is determined experimentally 

by taking the slope of a linear regression on the stress-strain plot over a known stress 

range (see, e. g. , the darkened portion of the positive strain curve in FIG. 5). In other 

methods, the Young's Modulus can be derived on different portions of the stress-strain 

curve or from zero to a point along the stress-strain curve.  

[0066] Poisson's Ratio, which characterizes the lateral deformation as a 

function of axial deformation is the ratio, when a sample object is stretched, of the 

contraction or transverse strain (perpendicular to the applied load), to the extension or 

axial strain (in the direction of the applied load). The Poisson's Ratio of a cement sample 

is determined experimentally by calculating the ratio of lateral strain change to axial 

strain change experienced over the same stress range.  

[0067] The unconfined compressive strength is the maximum stress that 

cement can endure when the confining pressure (e. g. , the pressure in the annular space 

128 of the pressure vessel 112 outside of the test module 110) is zero. It is determined 

experimentally by destructively testing the cement. The maximum stress recorded at 

failure is the unconfined compressive strength.  

[0068] Compressive testing can also be performed with stresses applied in 

more than one direction. For example, a confining pressure can be used to apply fluid 

pressure on the lateral side surfaces of a sleeved test specimen in compression cell sample 
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volume 126 (see FIG. 1A). This results in a stress (a2) along the curved surface equal to 

the fluid pressure. The primary stress (al) can still be applied mechanically through the 

hydraulic system. The unconfined compression test is a simplified version of the triaxial 

test with the confining stress (a2) left equal to zero. The engineering parameters, 

previously discussed, can also be determined for a test result where the stress-strain 

relationship is recorded. If multiple sets of triaxial compressive tests are performed, 

friction angle and cohesion can also be determined by recording the maximum axial 

stress (al) versus the confining stress (a2).  

[0069] Other configuration of the testing apparatus can allow the pore 

pressure to be controlled separately from the confining pressure. Likewise, pore pressure 

controlled can be set equal to the curing pressure or the confining pressure or set at 

random value. This will allow the user to study the effect of different pore and confining 

pressure on the sample mechanical response.  

[0070] Endurance limit or the capacity of the cement system to withstand 

fatigue can also be determined. Knowing the endurance limit as a "the value of stress at 

which failure occurs after N number of cycles" according to ASTM. This property is key 

for oil well cementing applications considering that various well operation processes take 

place during the life of the well and it turns out important to account for these stages 

during the design of the cement system ensuring zonal isolation during the life of the 

well.  

[0071] The maximum "pulling" stress that a cement sample can withstand 

is defined as the tensile strength (TS). The tensile strength of a sample can be tested 

indirectly or directly. Direct testing (e. g. , by actually pulling on the sample until it 

breaks) can provide different, possibly more accurate results than indirect testing. Direct 

testing typically requires removing the sample from the pressure vessel in which it has 

been cured. The testing apparatus 100 enables direct testing of a cement sample in the 

pressure vessel in which it has been cured. In the same manner that compressive testing, 

the net tensile strength will be the absolute difference between the minimum normal 

stress and the confining stress.  
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[0072] The results of tensile strength testing can be plotted on stress-strain 

curves and analyzed in similar fashion to that discussed above for analyzing the results of 

compressive testing.  

[0073] A user preparing and filling the testing apparatus 100 for testing of 

a cement sample begins by attaching the first rubber sleeve 124 to the bottom end cap 

120 of the compression cell 114 and to the lower wall member 132 of the tension cell 

116. Typically, the bottom end cap 120 of the compression cell 114 will be resting on a 

flat working surface such as a table. The middle wall member 134 of the tension cell 116 

is placed on top of the lower wall member 132 and attached to the lower wall member 

132 using screws 140.The long screws (used as the attachment members 148) are inserted 

through the bores 150 defined extending through lower wall member 132 and the middle 

wall member 134. The long screws (attachment members 148) are then threaded into the 

bores defined in the lower end cap 120.The second sleeve 144 is then inserted into the 

portion of recess 142 defined by the middle wall member 134. The upper wall member 

136 is then placed on top of the middle wall member 134 with the heads 152 of the 

screws 140 received in the recesses 156 of the upper wall member 136 and the second 

sleeve 144 received in the portion of the recess 142 defined by the upper wall member 

136. The cylinder providing sidewalls 118 of the pressure vessel 112 is then lowered 

around the compression cell 114 and the tension cell 116 and attached to the lower end 

cap 120.  

[0074] A cement slurry to be tested is dispensed into the testing apparatus 

100 through the open upper end of the upper wall member 136 to fill the compression cell 

sample volume 126 and the tension cell sample volume 138. The piston 130 is placed on 

top of the upper wall member 136 and attached to the upper wall member 136 using, for 

example, screws 140.The isolation ring, if implemented, 166 is inserted into the 

counterbore 164 of the cylinder providing the side walls 118 of the pressure vessel 112.  

The isolation ring 166 extends between the piston 130 and the side walls 118. The upper 

end cap 122 is placed onto and attached to the side walls 118.  

[0075] The sidewall member 118 is attached to the end caps 120, 122 by 

pressfit engagement between the sidewall member 118 and the end caps 120, 122. This 

configuration provides for easy assembly and disassembly of the pressure vessel 112.  

19



However, this configuration can require an external locking mechanism (not shown) to 

hold the pressure vessel 112 together as a pressurizing fluid is supplied to the interior 

volume of the pressure vessel. In some embodiments, the end caps 120, 122 and the 

sidewall member 118 have matching threads on the exterior surfaces of the end caps 120, 

122 and the corresponding to interior surfaces of the sidewall member 118. In these 

embodiments, the end caps 120, 122 and the sidewall member 118 can be screwed 

together. Alternatively, the end caps 120, 122 and the sidewall member 118 can also be 

attached using J-lock attachment mechanisms.  

[0076] The cement slurry can be cured or partially cured at controlled 

temperatures and pressures to simulate, for example, downhole conditions before testing.  

A temperature stable pressurizing fluid such as, for example, water is pumped into the 

annular space 128 between the test module 110 and the side walls 118 of the pressure 

vessel 112. The pressure applied to sides of the cement sample can be controlled using 

the pressurizing fluid. The cement slurry is allowed to cure for a specified time with an 

equal pressure applied to the top of the piston 130 and into the annular space 128 between 

the test module 110 and the side walls 118 of the pressure vessel 112. Temperature can be 

controlled to simulate downhole conditions during testing or at other times. For example, 

in testing cement, the testing apparatus 100 and cement slurry can be preheated during 

mixing. The desired temperature can be maintained as the sample cement composition 

cures using external heating elements (e. g. , heater coils or stainless steel heater bands) 

or placing the testing apparatus 100 in an oven; cooling coils can also be employed if 

temperatures below ambient conditions are desired. Likewise the testing apparatus could 

also be heated in a profile that simulates the temperature a cement system would 

experience from mixing, placement, and curing during cementing a wellbore casing 

string. After the cement slurry has cured the desired degree, compression and tension 

testing are performed by regulating the pressure applied to the piston 130.  

[0077] The cement testing apparatus 100 can also be configured such that 

a slurry of a cement sample can be mixed at pressure and temperature conditions that are 

different than ambient pressure conditions and then be transferred to the sample container 

for curing without exposure to ambient pressure conditions.  
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[0078] Compression testing is performed by increasing the pressure 

applied to the piston 130.Increasing the pressure applied to the piston 130 biases the 

piston 130 towards the cement sample and biases the entire tension cell 116 to towards 

the compression cell 114 along the attachment members 148. The recesses 156 in the 

upper wall member 136 are sized to allow the flanged heads 152 of the attachment 

members 148 to move farther into the upper wall member 136 as the tension cell 116 

moves towards the compression cell 114 (e. g. , when the portion of the cement sample in 

the compression cell sample volume 126 fails in compression). The pressure applied to 

the piston 130 is increased until the portion of the cement sample in the compression cell 

sample volume 126 fails in compression. Once failure is reached, the flanged heads 152 

will act as a limiting/stopping mechanism of the tension cell 116.  

[0079] Tension testing is performed by decreasing the pressure applied to 

the piston 130.As described above, the upper wall member 136 is not mechanically 

attached to the middle wall member 134. Decreasing the pressure applied to the piston 

130 biases the piston 130 away from the cement sample. As the attachment members 148 

limit movement of the middle wall member 134 in the lower wall member 132 away 

from the bottom end cap 120 of the pressure vessel 112, decreasing the pressure applied 

to the piston 130 also biases the upper wall member 136 away from the middle wall 

member 134 and the lower wall member 132. The pressure applied to the piston 130 is 

decreased until, in some cases, the portion of the cement sample in the tension cell 

sample volume 138 fails in tension; in other cases, stresses are applied up to certain levels 

of the ultimate stress of the sample for instance to study the sample reaction to cyclic 

loading events. Both the compression and tension testing can be performed in any order 

without affecting the integrity of the adjacent portion of the sample.  

[0080] In verification testing, a prototype of a cement testing apparatus 

100 as described above with reference to FIGS. 1A-IF was used to test the properties of a 

cement slurry under both compression and tension. After the testing apparatus 100 was 

assembled as described above, the test module 110 was filled with a 16. 4 pound/gallon 

cement slurry with premium class H cement and water to cement ratio of 0.38 mixed at 

ambient conditions. The test module 110 and pressure vessel 112 were sealed and a 

confining pressure of 2000 psi was applied as the cement slurry cured for 48 hours at 
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ambient conditions. After curing for 48 hours, the cement sample was tested under 2000 

psi confining pressure and at ambient temperatures in compression until failure and then 

in tension until failure. FIG. 2 shows the tension (left) and compression (right) portions of 

the sample after the test were performed with arrows indicate where the failure took place 

in each portion of the sample. The location of the resulting cracks confirmed that the cell 

is calculating the tensile and compressive strength.  

[0081] FIG. 3 plots the confining radial stress (a2) (held steady at ~2,000 

psi) and the axial compressive stress as a function of time. The portion of the cement 

sample in the compression cell 114 failed when the axial compressive stress (al) being 

applied was increased to ~6,394 psi indicating that the net strength (G3 = al-a2) under 

compression of this slurry under these conditions is ~4,394 psi. This generally matched 

expectations considering the sample was only cured during 48 hours.  

[0082] After the compression test was performed, the axial compressive 

stress was reduced gradually in order to generate failure by tension on the tension part of 

the specimen. FIG. 4 plots the confining radial stress (held steady at ~2,000 psi) and the 

axial compressive stress as a function of time. The portion of the cement sample in the 

tension cell 116 failed when the axial stress being applied was decreased to ~1,777 psi 

indicating that the net strength under tension of this slurry under these conditions was 

~233 psi. This generally matched expectations considering the sample was only cured 

during 48 hours.  

[0083] In further verification testing, the prototype of a cement testing 

apparatus 100 was used to test the properties of another cement slurry under both 

compression and tension. For comparison purposes, the cement slurry was also tested 

using 550,000 lb MTS load frame with radial and axial extensometers. This equipment 

has capabilities of running confined and unconfined tests as wells as Brazilian tensile 

testing (indirect tensile test) and is the current most accurate test system employed to 

determine mechanical properties such as compressive strength, Young's modulus, 

Poisson's ratio, Brazilian tensile strength, cohesion, friction angle, etc. However, large 

numbers of sub-equipments are required in order to determine the properties mentioned 

above as each test may requires different components. After the testing apparatus 100 was 

assembled as described above, the test module 110 was filled with a 16. 4 pounds/gallon 
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cement slurry, with premium class H cement and a water to cement ratio of 0.38, mixed 

at ambient conditions. The test module 110 and pressure vessel 112 were sealed and a 

confining pressure of 3000 psi was applied as the cement slurry cured for 5 days at 

ambient temperature. During the curing process, the cement sample may be exposed to 

constant pressure during a specified period of time, however, this pressure may vary 

according to the conditions downhole. After curing for 5 days under constant pressure, 

the cement sample was depressurized at a constant rate down to ambient conditions. Then 

the sample was tested at ambient conditions in compression until failure and then in 

tension until failure. It should be noted that along the curing process in the testing 

apparatus, additional samples were cured in other sample molds for testing performed 

with MTS for comparison. Although the MTS only has capabilities of testing samples at 

ambient conditions and has no curing capabilities, tests were performed in both the 

testing apparatus described herein and the MTS in order to use the MTS results as a 

standard for comparison due to the accuracy of the MTS system.  

[0084] FIG. 5 shows the stress-strain relationship during compression 

testing. The portion of the cement sample in the compression cell 114 failed when the 

axial compressive stress being applied was increased to -5,563 psi. FIG. 6 compares the 

compressive strength calculated based on observations from the prototype dual cell 

testing apparatus 100 and a standard MTS test cell. FIG. 7 compares the Young's 

Modulus calculated based on observations from the prototype dual cell testing apparatus 

100 and a standard MTS test cell. It was observed that both the compressive strength and 

Young's Modulus results from the prototype dual cell testing apparatus 100 were 

generally consistent with those from the MTS load frame.  

[0085] After the compression test was performed, the axial compressive 

stress was reduced gradually down to the initial conditions, ambient conditions in this 

case. In order to generate failure by tension on the tension part of the specimen, the 

confining stress applied to the samples is gradually increased either up to failure or to the 

point of interest. This is necessary considering that the confining stress applied to the 

sample was previously reduced to ambient pressure to generate the same conditions at 

which a regular MTS sample would be exposed to allow for comparison. FIG. 8 plots the 

axial tensile stress as a function of time. The portion of the cement sample in the tension 
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cell 116 depressurized to ambient conditions after 5-days-curing at 3000 psi failed when 

the confining stress being applied was increased to ~351 psi.  

[0086] The concepts discussed above can be implemented in other 

configurations of the testing equipment. For example, in the implementation of a cement 

testing apparatus 100 shown in FIGS. 1A-iE, pressure is applied only to the upper 

portion of the system and not to the bottom portion of the DVRTs' extension rods 167.  

This creates a pressure differential that is transformed into a load applied to the first 

tubular flexible member 124 that generates an unbalanced system.  

[0087] FIG. 9 includes two section views taken orthogonally to each other 

(one at 0 degrees and the other at 90 degrees) that illustrate a cement testing apparatus 

200 that provides a pressure-balanced configuration in which the measurement devices 

167 (e. g. , LVDTs or DVRTs) will be exposed to the same pressure on both their top and 

bottom portions. The structure and functionality of the cement testing apparatus 200 is 

substantially the same as the structure and functionality of the cement testing apparatus 

100.The main differences are additional ports and parts added to provide the pressure

balanced configuration. This system can avoid initial loadings applied to the rubber 

sleeve during curing due to having unbalanced system.  

[0088] The cement testing apparatus 100 includes a one-piece lower end 

cap 120. In contrast, the cement testing apparatus 200 includes a two-piece lower end cap 

220, 221. The outer portion 220 of the two-piece lower end cap 220, 221 has a first port 

223 and a second port 225. These two interconnected ports allow for curing pressure 

application to the LVDTs, also facilitate machining / manufacturing. The inner portion 

221 of the two-piece lower end cap 220, 221 defines cavities 233 sized and configured to 

receive the LVDTs 167. The two-piece lower end cap 220, 221 defines channels 227 that 

extend from a port 223 to the annular space 128. Channels 227 allow confining pressure 

to be applied to the bottom portion of LVDT core rod. The two-piece lower end cap 220, 

221 also defines channels 229 that extend from a port 225 to set screws 231 at interface 

with cavities 233 which allows for pressure application to the bottom portion of the 

LVDTs. The channels 227 and the channels 229 are interconnected. These set screws 231 

along with o-ring seals limit (e.g., prevent) fluid contact with the electronics of the 
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measurement sensors. Set screws 231 are also provided to block ports 223, 225, and 

avoid any fluid leaks towards the outside of the cell.  

[0089] The cement testing apparatus 200 does not include an isolation ring 

166. Rather, the upper end cap 122' is structurally and functionally similar to a one-piece 

combination of the upper end cap 122 and isolation ring 166 of the cement testing 

apparatus 100.The modified upper end cap 122'defines a second port 235 that has been 

added to the upper end cap 122' to allow for air removal during use. This modified upper 

end cap 122' can simplify assembly and use of the cement tester. Although this cell 

configuration can provide easy assemble/disassembly of the pressure vessel, this 

configuration may need an external locking mechanism (not shown) to hold the pressure 

vessel while hydraulic fluid is supplied and pressurized in the interior volume.  

[0090] The piston 130' defines a bore 237 extending through the piston 

130'. The bore 237 allows equal confining and pore pressure to be applied to the samples 

being tested. This configuration does not provide independent control over these 2 

variables. However, cement tester configurations including an upper piston without the 

bore 237 and adding a port in the lower end cap can provide for independent control of 

pore pressure and confining pressure.  

[0091] Other configuration of the testing apparatus can allow the pore 

pressure to be controlled separately from the confining pressure. These configurations 

allow, for example, pore pressure controlled to be equal to the curing pressure or the 

confining pressure or set at random value. This will allow the user to study the effect of 

different pore and confining pressure on the sample mechanical response. This can be 

accomplished by independently controlling the confining pressure and the pore pressure.  

[0092] FIG. 10 includes two section views taken orthogonally to each 

other (one at 0 degrees and the other at 90 degrees) that illustrate a cement testing 

apparatus 300 incorporating a bottom piston that can provide independent control on 

confining pressure and pore pressure. This simpler system includes a single measuring 

device 167 placed axially with respect to the sample.  

[0093] The cement testing apparatus 300 is substantially similar to the 

cement testing apparatus 200 but includes a bottom piston 310 and, optionally, a 

confining ring 312 and a piston 314. If equal confining and pore pressure are wanted, the 
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confining piston 314 and the plug are not necessary. However, including the confining 

piston 314 and the plug can provide independent control of the confining pressure and 

the pore pressure. Axial stresses are applied to the bottom piston 310 which transfers the 

stresses to the sample during compression testing.  

[0094] In this configuration, the attachment members (e. g. , screws 148) 

limit the movement of the lower and middle tension cell wall members 132, 134. In 

addition, when the bottom piston 310 applies pressure over the compression sample, the 

attachment members 148 hold the sample compression system in place in such a way that 

only the samples is deformed.  

[0095] The inner portion 221 of the two-piece lower end cap 220, 221 

defines a cavity 233 sized and configured to receive the sensor (e. g. , LVDT 167).  

Because the LVDT is axially positioned with respect to the sample, only one sensor 167 

is required. Moreover, the sensor 167 is axially positioned with respect to the sample with 

only the piston between the sensor 167 and the sample. Theoretically, this arrangement 

will result in more accurate measurements.  

[0096] The inner portion 221 of the two-piece lower end cap 220, 221 

defines a port 316 and an associated channel 318 operable to apply axial pressure on the 

bottom piston 310 to exert axial stresses to the compression sample. The inner portion 

221 of the two-piece lower end cap 220, 221 and the bottom piston 310 define a port 320 

and an associated channel 322 which, when the confining piston 314 and plug are 

employed to allow for control on confining pressure, can allow for independent control of 

pore pressure as well.  

[0097] A spacer ring 324 limits the movement of the tension cell 116 

towards the compression cell 114 avoiding any changes on the shape and initial geometry 

of the compressive sample while curing. Moreover, any pressure applied on the piston 

130 would be absorbed by the spacer ring without affecting the integrity of the sample, 

conversely, it would help the function of the attachment members 148.  

[0098] FIG. 11 includes two section views taken orthogonally to each 

other (one at 0 degrees and the other at 90 degrees) that illustrate a cement testing 

apparatus 400 configured such that a slurry of a cement sample can be mixed at pressure 

and temperature conditions that are different than ambient pressure conditions and then 
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be transferred to the sample container for curing without exposure to ambient pressure 

conditions. The cement testing apparatus 400 is substantially similar to the cement testing 

apparatus 300. However, the cement testing apparatus 400 includes a modified piston 410 

and upper end cap 412. The piston 410 defines a channel that can be used to controllably 

vent gases as interior spaces of the cement testing apparatus 400 are filled with a 

pressurized cement slurry through port 320 and channel 322. US Patent Number 

5,869,750 and US Patent Publication Number 2011/0094295 discuss methods and 

equipment that can be used in preparing and testing a slurry of a cement sample without 

exposure to ambient pressure conditions. The entire contents of these references are 

incorporated herein by reference.  

[0099] The methods and systems described can allow a liquid slurry to 

cure at controlled pressure and temperature conditions and, while curing or after cured, to 

be tested for volume changes, the mechanical response of the sample, and failure limits 

without removing curing, or cured, cement from the testing apparatus. Testing in the 

curing vessel can reduce the possibility that removal of the sample from the testing 

apparatus could impart damage to the sample that would influence subsequent results.  

Testing in the curing vessel can also save time and money, and reduces the limits on the 

ability to test curing in a small time window relative to cure associated with systems 

which require removal of the curing vessel for testing.  

[0100] The methods and systems described can allow for testing both 

compression and tension in the same cell without changing components. Tubular flexible 

members, for both tension and compression, along the same cell allow for sample 

molding while keeping the same specimen's shape during the initial hydration stage. The 

tubular flexible members offer negligible resistance during testing. A hydraulic piston 

allows the application of axial stress on the cement samples while confining stress may 

be controlled by a pressure sources, e. g. , pump. The cell is configured to cause different 

portions of a single sample to fail in compression and in tension without rearranging any 

mechanical parts, which will result in substantially reduced sample preparation and 

specimens test time.  

[0101] The methods and systems described can provide the ability to cure 

and test cement at conditions that represent a cemented well casing.  
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[0102] A number of embodiments have been described. Nevertheless, it 

will be understood that various modifications may be made. For example, in some 

embodiments, multiple testing apparatuses 100 can be attached in parallel to pressure 

sources applying confining, tension, compression, and pore pressure loads. Common 

initial conditions can be sent across multiple testing apparatuses 100 with testing being 

performed, for example, at different points in the curing process. The multiple testing 

apparatuses 100 can also be used to replicate tests to facilitate statistical analysis of the 

properties of the cement being tested. Systems incorporating multiple testing apparatuses 

100 are described in more detail in U. S. Patent Pub. No. 2011/0094295, which is 

incorporated by reference in its entirety. Accordingly, other embodiments are within the 

scope of the following claims.  

[0103] Throughout this specification and the claims which follow, unless 

the context requires otherwise, the word "comprise", and variations such as "comprises" 

and "comprising", will be understood to imply the inclusion of a stated integer or step or 

group of integers or steps but not the exclusion of any other integer or step or group of 

integers or steps.  

[0104] The reference to any prior art in this specification is not, and should 

not be taken as, an acknowledgement or any form of suggestion that the prior art forms 

part of the common general knowledge in Australia.  
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The claims defining the invention are as follows: 

1. A method of testing a cement, the method comprising: 

forming a cement sample with a first portion axially aligned with a second 

portion; 

moving a piston in a first direction until the first portion of the cement sample 

fails in compression; and 

moving the piston in a second direction opposite the first direction until the 

second portion of the cement sample fails in tension.  

2. The method of claim 1, further comprising: 

mixing a slurry of the cement sample at pressure conditions that are different than 

ambient pressure conditions; and 

transferring the slurry of the cement sample to a sample container for curing 

without exposure to ambient pressure conditions.  

3. The method of claim 1 or 2, further comprising: 

curing the cement sample at first pressure conditions that are different than 

ambient conditions; and 

pulling on ends of the sample to apply axial tension to the sample while 

maintaining the sample at the first pressure conditions.  

4. The method of any preceding claim, moving the piston in the second direction 

opposite the first direction until the second portion of the cement sample fails in tension 

occurs after moving the piston in the first direction until the first portion of the cement 

sample fails in compression.  
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