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 In-Situ Measurement of Tensile and Fracture Toughness Properties and  

Determination of Pipe Grade Using the Innovative ABI Test 

 

 

Executive Summary 

 
Most pipeline operators carry infrastructure that spans a wide range of vintages including pipelines that 

were built in 1900s to the 2000s.  Some of the pipelines have changed hands, and in many cases, more 

than once, resulting in a loss of the operating history and of pertinent pipeline data relating to the grade or 

mechanical properties.  In the case of pipelines of unknown grades, OPS/DOT mandates the use of 

24,000 psi yield strength for determining the maximum safe transmission pressure of gas or oil, 

regardless of its construction.  OPS also allow the establishment of the Specified Minimum Yield 

Strength (SMYS) and the specified minimum ultimate tensile strength (SMTS) of the pipeline by carrying 

out a statistically valid number of sampling.  Conventional tensile testing requires cutting of a few feet 

full -diameter section from the pipeline, in order to machine specimens per API 5L specifications for 

testing, which results in temporary line shut down.  The option is complex, very expensive, and it requires 

line repair after section extraction.  In addition, this will result in a loss of throughput and consequently 

disrupting the hydrocarbon supply.  A second potential option is the cutting of a small disc sample (in 

order to machine miniature/sub-size tensile specimens) using a hot tapping procedure.  This option is also 

expensive and requires weld repair following the extraction of the small steel disc.     

 

Stress-Strain MicroprobeÑ (SSM) testing using the Automated Ball Indentation (ABI) technique has 

emerged as a proven nondestructive method for measuring the yield and tensile strength values (hence, 

determining the SMYS and SMTS) and fracture toughness (KJc) properties of in-service pipeline 

materials (base and welds), in-situ and without any service interruption.  Advanced Technology 

Corporation (Oak Ridge, TN), the developer of this patented SSM system, has been offering the 

commercial equipment worldwide since 1991, and in-situ SSM/ABI pipeline testing services (in favor 

with several pipeline operators in USA and Europe) since 1999. 

 

The four goals of this project have been successfully accomplished.  First, five in-situ ABI tests were 

conducted, and witnessed by several staff members at GTI facility, on each of fifteen pipe sections.  Five 

each additional ABI tests were also conducted at new locations of two of the fifteen pipe sections for 

increased statistical sampling.  The ABI-measured yield and tensile strength results correlated well to 

actual physical tensile test results (generated by GTI on full-thickness large specimens) of various grades 

of pipe steel including Grade B, X42, X46, and X52.  Secondly, four each miniature tensile specimens 

were machined in the transverse (circumferential direction) of each pipe section and their average yield 

and ultimate tensile strength values were in good agreement with those from the in-situ ABI tests as well 

as those from the large GTI tensile specimens.  Thirdly, laboratory ABI tests were conducted on the end 

tabs of the miniature tensile specimens (one ABI test per mini-tensile specimen) and the results were also 

in good agreement with the tensile data.  Finally, for pipes with grade certificates, the in-situ and 

laboratory tests verified the grade correctly.  Furthermore, the in-situ ABI tests determined the grade 

correctly based on the minimum test results from the miniature tensile and/or full-thickness specimens in 

accordance to the API 5L minimum yield strength (YS) and minimum tensile strength (TS) requirements.  

The fracture toughness values were also determined from each ABI test but no destructive fracture 

toughness tests were conducted in the first phase of this GTI project.  However, a large amount of fracture 

toughness results (from ABI tests and from destructive fracture toughness specimens) as well as a large 

amount of tensile data (from ABI and from destructive tensile specimens) are reported earlier in our 

comprehensive report to PRCI (L52280, April 2007). 

 

This GTI project covered a large number of pipe sections with a narrow range of tensile properties (yield 

strength range of 42,000 psi to 70,000 psi and UTS range of 51,000 psi to 78,000 psi) while our previous 
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PRCI report covered a larger range of tensile properties (e.g., yield strength range of 25,000 psi to 85,000 

psi and UTS ranged from 45,000 psi to 98,000 psi), and included base metal and welds for both tensile 

and fracture toughness testing (nondestructive and destructive).  The reliable and accurate ABI-measured 

tensile properties can be used to calculate a safe higher/efficient maximum transmission pressure using 

the ABI-determined SMYS and SMTS values from in-situ/nondestructive testing of 

undocumented/(unknown grades) pipelines.  The ABI-measured fracture toughness is used to calculate 

the critical crack size for accurate pipeline integrity assessment.   The ABI test (accomplished in less than 

two minutes) is now proven to replace both the tensile and fracture toughness tests without specimen 

machining or service interruption, and it requires only localized surface polishing of in-service pipelines.  

 

 

1.0 Introduction 

 

Most pipeline operators carry infrastructure that spans a wide range of vintages including pipelines that 

were built in 1900s to the 2000s.  Some of the pipelines have changed hands, and in many cases, more 

than once, resulting in a loss of the operating history and of pertinent pipeline data relating to the grade or 

mechanical properties.  In the case of pipelines of unknown grades, OPS/DOT mandates the use of 

24,000 psi yield strength for determining the maximum safe transmission pressure of gas or oil, 

regardless of its construction.  OPS also allow the establishment of the Specified Minimum Yield 

Strength (SMYS) and the specified minimum ultimate tensile strength (SMTS) of the pipeline by carrying 

out a statistically valid number of sampling.  Conventional tensile testing requires cutting of a few feet 

full -diameter section from the pipeline, in order to machine specimens per API 5L specification for 

testing, which results in temporary line shut down.  The option is complex, very expensive, and it requires 

line repair after section extraction.  In addition, this will result in a loss of throughput and consequently 

disrupting the hydrocarbon supply.  A second potential option is the cutting of a small disc sample (in 

order to machine miniature/sub-size tensile specimens) using a hot tapping procedure.  This option is also 

expensive and requires weld repair following the extraction of the small steel disc.   

 

Stress-Strain MicroprobeÑ (SSM) testing using the Automated Ball Indentation (ABI) technique has 

emerged as a proven nondestructive method for measuring the yield and tensile strength values (hence, 

determining the SMYS and SMTS) and fracture toughness (KJc) properties of in-service pipeline 

materials (base and welds), in-situ and without any service interruption.  Advanced Technology 

Corporation (Oak Ridge, TN), the developer of this patented SSM system, has been offering the 

commercial equipment worldwide since 1991, and in-situ SSM/ABI pipeline testing services (in favor 

with several pipeline operators in USA and Europe) since 1999.  The ABI tests provide the actual/current 

values of the key mechanical properties for base metal, welds, and heat-affected-zones. The SSM-

measured tensile and fracture toughness properties are used with other nondestructive measurements such 

as crack size (determined from either in-line/smart-pig runs or off-line ultrasound devices) or corrosion 

pits to determine the safe operating pressure of the pipeline or to necessitate certain actions of 

rehabilitation.  In addition to fitness-for-service assessment of aging pipelines, the ABI tests are also 

applicable for the quality assurance/control of girth welds of newly constructed pipelines, including high 

strength steels such as grades X80 to X120. 

 

The Automated Ball Indentation (ABI) test technique was invented in 1989 to measure key mechanical 

properties of metallic samples and structures in a nondestructive and localized fashion.  A single ABI test 

replaces the tension test for metallic materials and the fracture toughness test for ferritic steels.  The 

laboratory version of the patented Stress-Strain Microprobe® (SSM) technology with its ABI test 

technique has been in commercial use since 1991, and the portable/in-situ SSM version received a 1996 

R&D 100 Award as one of the 100 most technologically significant new products of the year.  

Furthermore, in 1999, Advanced Technology Corporation (ATC) introduced a new miniature SSM 

system to provide even greater portability and easier field/in-situ applicability.  The SSM technology and 
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its ABI technique and test results have been reviewed by the office of Pipeline Safety of the US DOT and 

are recommended for use by the pipeline industry (see attached DOT review letter in Appendix A).  The 

SSM system also received the ñNew Technologyò award on October 1, 2008 at the International 

Pipeline Exhibition in Calgary, Canada.  The ABI-measured tensile and fracture toughness results 

provide the basis for deterministic fracture mechanics assessment, allow robust fitness-for-service 

assessments of aged/undocumented infrastructure, and improve the effectiveness and efficiency of quality 

control inspections for production, new alloy development, and welding.  The ABI test method procedure, 

data analysis, and precision values from a comprehensive round robin program are given in Appendix B.   

 

The ABI test technique is described in details in many publications.
1-18 

The ABI technique is 

nondestructive and localized and is a sophisticated mechanical test technique that can be applied to small 

samples as well as to metallic components, such as pipelines and storage tanks in the field.  These 

capabilities of the ABI technique and the SSM technology are advantageous and desirable for testing 

aged or undocumented components and for structural integrity evaluation.  Furthermore, in addition to the 

nondestructive and localized ABI stress-strain curve measurements, the ABI technique of the SSM 

system provides localized and nondestructive fracture toughness properties (highly desirable for small 

welds and heat affected zones where valid results might not be obtainable from the conventional 

destructive fracture toughness tests due to thickness/width limitation).  The determination of fracture 

toughness properties from ABI tests is described in References 14 through 18.  Example calculations and 

applications of the ABI-determined fracture toughness values, using the Haggag Toughness Method 

(HTM), are given in details in Reference 16.  Comparisons of ABI-measured tensile and fracture 

toughness values on various pipeline and storage tank materials are given in our earlier comprehensive 

PRCI report (Ref. 19). 

 

The ABI test is based on progressive indentation at the same location with intermediate partial unloadings 

until the desired maximum depth (strain) is reached, and then the indenter is fully unloaded.  The 

indentation force-depth data are collected continuously during the test using a 16-bit data acquisition 

system.  The nonlinear/spherical geometry of the tungsten carbide indenter allows increasing strain as the 

indentation penetration depth is increased.  Hence, the incremental values of indentation force and plastic 

depth (associated with each partial unloading cycle) are converted to incremental values of true-stress and 

true-plastic-strain according to elasticity and plasticity theories.
3
 Since the ABI test is multi-axial in 

nature, the stress triaxiality underneath the indenter increases with depth and can reach high values 

similar to those ahead of a crack tip; hence, fracture toughness values can be determined from the ABI 

tests.
14-18

 The ABI test is considered practically nondestructive because the test leaves only a small, 

shallow, spherical depression with a smooth surface (i.e., no sharp edges/cracks and no stress 

concentration sites), and it leaves a compressive residual stress (that retards crack initiation) in the test 

surface area.  Each ABI test is very similar to a single shot peen, albeit slightly larger. 

 

 

2.0 Objectives 

 

The objectives of this project are to: (1) generate large amount of tensile properties from the 

nondestructive/in-situ ABI tests on fifteen steel pipe sections to correlate with the physical results from 

destructive tensile tests, (2) generate tensile properties from four miniature tensile specimens machined 

from each pipe section in the transverse direction for determining of any tensile property gradient through 

the thickness of each pipe and for comparison with the ABI test results, (3) conduct ABI tests on the end 

tabs of the miniature tensile specimens for comparison of the ABI results from tests on the miniature 

tensile specimens with the tensile properties from both destructive tensile and from the in-situ ABI tests 

on the pipe section, and (4) determine the grade of each pipe section based on the ABI results.    
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3.0 Testing Procedures 

 

3.1 ABI Testing 

 

Five (5) ABI tests were conducted at ambient temperature, using a 0.762-mm (0.030-inch) diameter 

tungsten carbide indenter, on the base metal of each of fifteen (15) pipe sections.   Also, additional five 

ABI tests were conducted on each of two pipeline sections at new test location within few inches from the 

previous location of the first five tests.  The patented In-Situ SSM system (Model SSM-M1000) is shown 

in Fig. 1.  Photographs of the SSM system while testing at the GTI facility are shown in Fig. 2.  

 

The portable SSM system was also used for conducting the ABI tests on the end tabs of the miniature 

tensile tests as shown in Fig.3.   This was accomplished by using a flat steel sheet as the base of the SSM 

system for supporting the miniature tensile specimens using the same magnetic base of the system. 

 

All ABI tests were conducted according to the testing procedure given in Appendix B and using the same 

analysis coefficients, for yield strength and constraint factor, of our previous PRCI work (Ref. 19). 

 

   
 

Fig. 1 The testing head of the miniature SSM system (Model SSM-M1000) is mounted using electric 

magnets on steel pipelines.  The testing head of the SSM system is mounted on a 10-inch diameter gas 

pipeline in California (right photo). 

 

 

3.2 Tensile Testing 

 

Four miniature tensile specimens were machined from the transverse/circumferential orientation of the 

base metal of the fifteen pipe sections (Fig. 4).  The mini-tensile specimen geometry is shown in Fig. 5.  

All tensile tests were accomplished according to ASTM Standard E8 at room temperature.  The miniature 

flat tensile specimen geometry is superior to the sub-size round tensile geometry used by GTI because: 

(1) it allows machining of multiple specimens (2-4 depending on the pipe wall thickness) instead on one 

in order to determine any through-thickness gradient of the mechanical properties, (2) it allows 

conducting ABI tests on the end tabs of the flat specimens, and (3) it is easier to machine and test using 

pin-hole grips instead of the threaded grips of the round specimens.   
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Fig. 2 The SSM system was used in performing 85 ABI tests on 17 pipe section locations (5 each per pipe 

location of 15 pipe sections plus 5 each at two additional locations of two pipes) on October 27, 2008. 

Note:  All 85 in-situ ABI tests were witnessed by several GTI staff members (Susan Borenstein, Alicia 

Farag, and Brian Miller), and the results were provided to them on memory sticks.  Brian Miller 

conducted two of these tests. An example of the five ABI test location is shown for pipe Number 35.  

 

     
 

Fig. 3 The in-situ/portable SSM system is used at ATC to conduct an ABI test on the end tab of each 

miniature tensile specimen.  
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Fig. 4 Four of the 15 pipe sections (left photo).  The right photo shows the 15 small sections 

(approximately 3ò x 6ò) cut from the 15 pipe sections for machining of the miniature tensile specimens in 

the transverse orientation.  A miniature tensile specimen is shown placed on the small piece from pipe 39. 

 

 
 

Fig. 5 Dimensions of the miniature tensile specimen. 

   


