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Abstract: This study examines the effect of hydrostatic pressure testing on the microstructure of a carbon steel pipeline 

material. The study is targeted at establishing the likelihood of change in the microstructure of the tested pipe material. The 

experimental assessment involves subjecting two spools to service and hydrostatic pressures respectively, cutting the spools 

and preparing samples for metallography and finally, comparison of the photomicrographs and metallographic results to that of 

a control pipe spool. The results obtained showed that there is a significant change in the grains arrangement in both the service 

and hydrostatic pressure tested cases but more pronounced in the microstructure of the hydrostatically tested specimen. 
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1. Introduction 

In the oil and gas industry, as well as other industries in 

which products are usually transported in pipelines at 

pressures much higher than the atmospheric pressures, 

hydrostatic pressure testing (hydro test) is very popular. 

Hydrostatic pressure testing is a way of verifying the 

integrity of the pipelines. It is a way of confirming that the 

pipelines can keep the product in containment at the normal 

operating pressure and even at pressures higher than the 

normal operating pressure. Contamination of the oil and gas 

haulage system in sea worthy environment has greatly 

affected aquatic life. This is due to corrosion of the pipelines 

steels in water ways which continue to contaminate the ocean 

leading to great damage of the oil and gas transportation 

system and aquatic organisms in high waters. [1] Beyond 

exposing leaks and defects, hydrostatic pressure testing 

serves as the final validation of the integrity of the pipeline. 

According to ASME B31.3, the test is required to ensure 

tightness and strength [2]. 

The hydrostatic test pressure for a new pipeline system 

(pipeline or process piping) is usually between 1.25 and 1.5 

of the Maximum Allowable Operating Pressure (MAOP) or 

Designed Pressure (DP) of the system, meaning that the 

minimum hydrostatic test pressure for a pipeline designed to 

operate at 2,000 psig will be between 2,500 psig and 3000 

psig. Pipelines are designed to operate at a certain MAOP or 

deigned pressure [3]. According to [4], pipelines could be 

tested at pressures greater than 90% of the SMYS of the pipe 

material, but “special care shall be taken to prevent overstrain 

of the pipe”. As a matter of fact, most pipeline operators 

chose test pressures between 90% and 110% of the Specified 

Minimum Yield Strength (SMYS) of the pipe material. 

In view of the above, [5, 6] pointed out that “the ratio of 

test pressure to operating pressure establishes the margin of 

safety; the higher the ratio, the greater the assurance of 

safety” Thus, increased test pressure gives greater assurance 

of safety. [7] discussed the level of damage pipeline materials 

and exterior part of metals are subjected to as a result of high 



 AASCIT Journal of Materials 2018; 4(3): 58-65 59 

 

level effect of corrosion and wear associated with 

multifarious electrochemical and mechanical devices. It was 

stated that the damage caused is extremely high on metal 

facade than amount of uncontaminated corrosion and 

wholesome erosion. In recent time, the subject of hydrostatic 

testing has always been one of great concern with varying 

arguments for and against the procedure. The various merits 

and demerits of the testing procedure and its impact on the 

integrity (positively or negatively) of the pipeline material 

has been the focus of valid debates. These arguments form 

the very core of the present investigation. Although 

hydrostatic testing has long been used to determine and 

verify pipeline integrity and various types of information can 

be obtained through this verification process, it is essential to 

identify the limits of the test process and obtainable results. 

Certain useful information can be gotten from the test; 

however, it is argued that the test has profound impact on the 

post-test behavior of these flaws. 

Hydrostatic testing widely regarded as a non-destructive 

evaluation of pipeline, hence it is important to determine the 

correct test pressure to avoid rupture and also utilize this 

predetermined pressure to get the desired results. Though, 

some school of thought believes that hydrostatic pressure 

testing alters the properties of the material to a significant 

degree, the present study, seeks to verify the validity of the 

above assertion and to know whether the test is a non-

destructive or destructive test procedure. 

Despite the number of literatures that exist on the subject 

of hydrostatic testing itself, only few works has been done to 

investigate the impact of the testing on the microstructure of 

pipeline materials. Early attempt by [8] showed that hydro 

testing affects the plastic deformation of the material. 

However, hydrostatic pressure increases the ductility and 

formability of metals and alloys. The phenomenon of 

increased ductility with hydrostatic pressure is also called 

pressure induced ductility. According to [9], hydrostatic 

pressure is an important feature in material corrosion and is 

distinctively typified in high sea and deep ocean setting. [10] 

is of the view that the chemical composition ofpipeline 

steelwithsuperiorconfiguration is usually as a result ofits 

composition enclosed withlittle quantities of niobium, 

titanium, and vanadium elements. [11] Identified the 

dissimilarity in corrosion potential using interesting 

illustrations under diverse revolving speeds. 

Even brittle materials may be plastically deformed under 

suitable hydrostatic pressures. Materials in which the plastic 

deformation leads to change in volume, the yield strength 

may be affected by hydrostatic pressure. [12] showed that 

yield strength of quenched and tempered AISI 4310 and 4330 

steels is affected by hydrostatic pressure. Very few 

researchers have attempted to determine the effect of 

hydrostatic pressure on strain hardening and strain rate effect 

indices, but according to [12], there is no effect of hydrostatic 

pressure on the strain hardening index (n). [13] 

acknowledged investigation based on the process 

dimensional analysis, sensitivity analysis and the traditional 

nucleation concept of disarticulations. They proposed that the 

proponentlinks to the geometry is comparable in all of Face-

CenteredCubic (FCC) metals, they are also of the opinion 

that the pre-factor increases linearly with a dimensionless 

restriction, which encompassesdiverse material properties. 

From the result they obtained, it was observed that the 

universal law for the strength of FCC nanoparticles and its 

ultimatemodification from the universal law was found to be 

experimentally okay for FCC supports. [14] conducted 

research with focus on the effect of hydrostatic testing 

internal pressure on residual stresses of circumferentially 

butt-welded steel pipes considering three dimensional finite 

elements simulation, using ansys11 code. A robust solution 

was obtained using an uncoupled analysis to predict the 

residual stresses as a result of welding process. The final 

outcome attained from their study revealed that the 

hydrostatic testing pressure has a substantial effect on 

residual stresses. 

With this in mind, this research is expected to contribute 

and impact significantly on these frontiers: It is believed that 

the present study will serve as a guide for further studies in 

this area, which could be on the severity of the impact of 

hydrostatic testing (if any was found), on the microstructure 

of the pipeline material. The study will also provide a clue on 

the nature and severity of changes in the microstructure of a 

pipeline material, further studies with respect to this can tell 

whether these changes have harmful effects on the service 

life of the pipeline. Alternatively, the study will provide a 

proof that hydrostatic testing has no significant impact on the 

microstructure of pipeline materials. The proof will provide a 

factual basis for motions and arguments in favour or 

otherwise of the continued use of hydrostatic test as the final 

validation of the integrity of pipelines. 

2. Materials and Methods 

The materials used in the present study includes a line pipe 

of 0.0876m diameter and 2.5m in length, a hydraulically 

operated pump, a Barton 202E pressure-temperature 

recorder, a Nikon Eclipse ME600 optical microscope. The 

pipe material was selected based on these criteria: Popularity 

in the pipeline industry; ubiquity of usage in the 

transportation of liquid hydrocarbons; cost; Availability 

(Readily available in Nigeria, i.e. the pipe must not be a Long 

Lead Item).; Susceptibility to manufacturing defects (must be 

less susceptible to manufacturing defects, with Weld joint 

factor = 1); Nominal Pipe Size (NPS) ranges from 25.4mm – 

1270mm; (1 – 50 inches). The pipe material selected was 

ASTM A106 Grade B Carbon Steel (for high temperature 

service). Based on the design considerations, the Nominal 

Pipe Size (NPS) was 0.076.2m (3 inches) and the pipes were 

designed to be 2.5m (8.2 ft) in length without the flanges. 

The flanges were located at the ends of the pipes. The 

threadolets were located on the same plane on the pipe at 

points 0.0127m (5 inches) from the ends of the line pipes. 

The design was to incorporate primary safety valve. The 

valve was to open as soon as the pre-set test pressure is 

exceeded and close when the excess pressure has been 
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relieved in order to protect against personnel injury and 

prevent damage to the test equipment, 

The pump used is the ENERPAC hand operated hydraulic 

pump with pressure capacity up to 10,000psi. The pump is 

pre-fitted with check valves and coupled to the tubing 

connected to the pipe spool. The spools were shop-fabricated 

in Ughelli, Delta State. The fabrication of the spools was 

outsourced to professionally trained pipeline/piping 

construction. The spools fabrication was carried out under 

close supervision to ensure conformance. 

The testing and recording were done by FINCO 

Instrumentation and Control System Engineering Nigeria 

Limited. The recorder was first calibrated to record pressures 

of up to 5600 psi. The pressures readings for the duration of 

the test are recorded on a standard graphics chart. These 

charts are graduated for recording the pressures, temperatures 

as well and the time at which the pressure was maintained 

and also indicates if there is a drop in pressure in that time 

interval. 

 

Figure 1. Pressure Recording Chart. 

 

Figure 2. Barton 202E Pressure-Temperature Recorder. 

The recording device used was a Barton 202E pressure-

temperature recorder (shown in figure 2) manufactured by 

ITT Fluid Technology Corporation. The Barton Model 202E 

Temperature and Pressure Recorder is a versatile and rugged 

instrument designed for general temperature and pressure 

applications. It records monitored temperature and pressure 

on a 12-inch diameter chart as shown in figure 1. 

3. Experimental Procedure 

The testing and recording were done by FINCO 

Instrumentation and Control System Engineering Nigeria 

Limited (an instrumentation company in Warri, Delta State). 

The recorder was first calibrated to record pressures of up to 

5600 psi. The pressures readings for the duration of the test 

are recorded on a standard graphics chart. These charts were 

graduated for recording the pressures, temperatures as well 

and the time at which the pressure was maintained and also 

indicates if there is a drop in pressure in that time interval. 

Treated water was introduced into the pipe spool through 
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the nozzle close to the head flange. The water was poured 

into the pipe manually until it was filled up. The pipe spool 

was inspected all around to find any possible location for 

leakage especially around the flanges. After confirmation that 

all areas were water tight at atmospheric pressure. The filling 

process was stopped. Additional water was pumped into the 

vessel and pressurizing it up to the desired test pressure. The 

system was allowed to remain at that pressure for more than 

4 hours. The system was depressurized after the test period 

had elapsed. A small section of the pipe spool (12 inches) 

was cut out from the parent spool and labeled according to 

the pressure test to which it was subjected. (Hydrostatically 

tested or service pressure tested). The cutting process was 

carried out by certified technicians in an isolated work area. 

The cut out samples of the spools were cleaned and packaged 

for transportation to the material testing facility. 

The microscopic analysis was carried out using a high 

resolution Nikon Eclipse ME600 Digital Optical Microscope 

using the principle of Differential Interference Imaging (DIC) 

which is an imaging method based on the contrast difference 

of the samples. 

 

Figure 3. The Nikon Eclipse E600 (Courtesy PoliFAB). 

With optical microscopy, the light microscope was used to 

study the microstructure, contrasts in the image produced 

result from differences in reflectivity of the various regions 

of the microstructure. Before the specimen can be scanned 

for its microstructure, there were a couple of operations to be 

carried out in order to ensure that quality results were 

obtained. These preparatory operations included: 

documentation and labeling, sectioning and cutting, 

mounting, grinding, polishing, etching and metallographic 

analysis. In this present study, provisions were made for three 

samples pipe spools. The first sample was tested to 

hydrostatic Pressure; the second was tested to standard 

service pressure, usually the MAOP while the third was not 

tested. Thus, it serves as the control specimen. Given that 

each of the tested samples formed a section of a longer pipe 

spool there was need to cut out specific sections and labeled 

them appropriately for identification purposes. 

The larger samples presented for testing were further cut 

into manageable sizes to ensure that they may be easily fit 

into the apparatus used for the microstructural analysis. 

Sections from different areas of interest in the pipe are cut 

out and labeled further for ease of analysis. Proper sectioning 

of the sample is required to minimize damage, which may 

alter the microstructure and produce false metallographic 

characterization. The sample was mounted in an enclosure. 

The Mounting of specimens was necessary to allow them to 

be handled with ease. It also ensured the minimization of the 

amount of damage likely to be caused to the specimen itself 

during other preparatory operations. The mounting material 

was selected so that it does not influence the specimen as a 

result of chemical reaction or mechanical stresses. This 

process involved placing the specimen in a mold and 

surrounding it with the appropriate powder. The powder used 

in the procedure was phenolic powder. The mold and its 

contents were then heated under pressure to the thermal 

setting or the softening temperature. Once the powder sets, 

thermosetting mounts were removed from the mold without 

lowering the temperature. The thermoplastic mounts were 

then cooled to ambient temperature before removal. The 

edges of the mounted specimen were rounded to minimize 

the damage to grinding and polishing discs. 

The Mounted specimens were ground with rotating discs 

of abrasive paper flushed with a coolant to remove debris and 

heat. The coarseness of the paper used for this process was 

indicated by a number (the number of grains of silicon 

carbide per square inch.). Coarser papers have lower values 

of this number than fine papers, i.e. a 200 grade paper was 

coarser than a 1200 grade paper. The grinding procedure 

involved several stages, using a finer paper (higher number) 

for each successive stage. Each grinding stage removed the 

scratches from the previous coarser paper. Between each 

grade the specimen was washed thoroughly with soapy water 

to prevent contamination from coarser grit present on the 

specimen surface. The coarsest grade of paper used for our 

process was the 16 while the finest grade of paper used was 

the 1200. After grinding with the 1200 grade paper, the 

specimen was thoroughly washed with water, followed by 

alcohol and then allowed to dry to enhance proper polishing 

of the specimen surface. 

In this process, the polishing discs were covered with soft 

cloth impregnated with abrasive diamond particles and an 

oily lubricant. Particles of two different grades were used: A 

coarser polish – the polishing paper was impregnated with 

diamond particles 6 microns in diameter. This was used to 

remove the scratches produced from the finest grinding stage 

of 1200. A finer polish – the polishing paper is impregnated 

with diamond particles 1 micron in diameter, to produce a 

smooth surface. Before using the finer polishing wheel, the 

specimen was washed thoroughly with warm soapy water 

followed by alcohol to prevent contamination of the disc. The 

specimen was polished with the aid of the rotating paper 

abrasive against the specimen. Subsequently, the specimen 

was etched. 

The purpose of etching is to optically enhance 

microstructural features such as grain size and phase features. 

Etching selectively alters these microstructural features based 
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on composition, stress, or crystal structure. It also removes 

the thin, highly deformed layer introduced during grinding 

and polishing stages of the specimen preparation. The 

specimens were etched using the Keller’s reagent. The 

reagent was applied using a cotton bud wiped over the 

surface a few times. Care was taken not to over-etch the 

surfaces. The specimen was then immediately washed in 

alcohol and dried. 

The microstructure analysis techniques involve 

determining the average grain diameter and the number of 

grain per square inch. When these are determined, a control 

specimen was used as a baseline for comparison. 

4. Results and Discussion 

 

Figure 4. The Control Specimen (x 200 magnifications). 

 

Figure 5. Base of Specimen B (x200 magnification). 

 

Figure 6. Specimen B (The Hydrostatically tested) (x 200 magnifications). 

The results obtained from the experiments are presented in 

Figures 4 to Figure 13. Figures 4 - Figure 6 show samples of 

the photomicrograph of the control specimen, standard 

service pressure and the hydrostatic pressure respectively at 

x200 magnification. While Figure 7 - Figure 12 indicate the 

average grain diameter and number of grain per square inch 

for the two samples used for the experiments. 

4.1. Average Grain Diameter 

It could be seen from Figure 7 and Figure 8 that there was 

a significant change in the average grain diameter of the 

specimens. In the second sample, the average grain size 

decreased to about 54.66µm in the specimen A – the service 

tested specimen; it decreased to about 49.61µm in the 

specimen B – the hydrostatic tested specimen. The average 

grain diameter of the control specimen was 62.67µm. 

In the first sample, the average grain diameter of the 

control specimen could not be accurately determined due to 

the nature of the available photomicrograph. However, 

Average grain diameter of the specimen A is greater than that 

of specimen B as was the case with the second sample. 

 

Figure 7. Average grain diameter for sample 1. 

 

Figure 8. Average grain diameter from sample 2. 

The hydrostatically tested pipe spool samples presented a 

grain structure that showed much defined grain boundaries as 

well as a number of fault lines due to interstitial dislocations 

as can be seen in the Figures 7 and 8. These fault lines 

expanded beyond their original size as a result of the high 
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pressure to which the spool was subjected. The grains 

boundaries appear to be wider between adjacent grains. The 

grains also appeared to be a lot more compact and noticeably 

shrunk in diameter. The reduction in diameter indicates that 

each grain is forced to occupy as minimal space as possible 

leading to increased stresses in the grain to grain bonds. This 

was due to the effect of the pressure and stresses on the 

bonding between the grains and the possible strain hardening 

as a result of the imposed pressure. 

 

Figure 9. Comparison of the Average grain diameter for the two samples. 

From the Figure 10 and Figure 11, it could be observedthat 

the average number of grains per square inch of each 

specimen was determined to be consistent hence the atomic 

arrangement of the crystal lattice does not change due to the 

pressure testing procedure. This also implies that the lattice 

structure and volume remains constant even while the grain 

size of the various specimens varies. Hence, the crystal 

lattice volume can be computed from the control specimen 

and consequently, the atomic packing factor analyzed for 

each tested specimen. 
 

 

Figure 10. Number of grain per square inch for sample A. 

 

Figure 11. Number of grain per square inch for sample B. 

4.2. Number of Grains per Square Inch (at 

x100 Magnification) 

There number of grains per square inch of the x100 

photomicrograph did not have significant change. In the 

second sample, it was 25 in the control specimen, 24 in 

Specimen A and 25 in the Specimen B. In the first sample, 
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although the photomicrograph was not very clear, we found 

28 grains per square inch of the control specimen, 26 in the 

specimen A and 27 in the specimen B. 

 

Figure 12. Comparison of the number of grain per square inch for the two samples. 

4.3. Atomic Packing Factor 

The analysis of the atomic packing factor (APF) of the 

grains in each of the specimen using the available grain 

diameter indicated a reduction in packing density of the 

tested specimen taking the control specimen as a reference. 

The average packing factor for the service tested specimen is 

found to have reduced by a value of 0.13 while that of the 

hydrostatic pressure tested specimen was reduced by a value 

of 0.25. This indicated a significant degree of dislocation 

within the test specimens as a result of the test pressures as 

can be seen in Figure 13. 

 

Figure 13. Showing the Average Atomic Packing Factors for the Various Specimens. 

Considering the atomic packing factors for the specimen; it 

was found that the control specimen possessed the greatest 

packing density which reduced significantly in the 

hydrostatically tested specimen. The service pressure tested 

specimen also showed a deviation from the APF of the 

control specimen although to a much lesser degree. The 

reduction in packing density indicated a reduction in overall 

mechanical properties of the material as a result of increase 

in the tendency for interstitial dislocation to form in the pipe 

material under lesser stress conditions compared to the 

properties of the control specimen. 

5. Conclusion 

The validity of the hydrostatic pressure testing procedure 

as safety check on pipelines has been evaluated. The results 

obtained proved that hydro-test is a destructive test in the 

sense that there was a significant change in the internal 

structure of the pipeline materials subjected to this test. The 

study outlined the various standard tests to ascertain the 

impact of hydrostatic pressure testing on the microstructure 

of the selected pipe material (ASTM A-106 Carbon steel 

pipe) and also make comparisons with an untested specimen 

which served as a control specimen, while providing a solid 

knowledge base for future studies on the subject matter. 

Finally, the results obtained from the study are summarized 

thus: Analysis of the final grain structure arrangement 

indicated a remarkable deviation in the microstructure of the 

hydrostatically tested specimen compared to the control 

specimen. This change is visible even when inspected 

without application of quantitative methods; the grain 

structure of the control specimen is seen to have greater 

interspersing of the grains in the pipe material. The 

arrangement of the grains in this specimen indicates the as-

manufactured grain order. There are very few visible fault 

lines and the grains are packed in a relaxed order; the service 

tested specimen reflected a grain structure showing a degree 

of relocation and reorder of the grains although these reorder 

and relocations are minimal. The grain boundaries are 

slightly better defined than the control specimen. This 
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relocation is can be attributed to the mechanical stresses due 

to the test pressure (service test pressure); the hydrostatically 

tested pipe spool samples presented a grain structure that 

showed much defined grain boundaries as well as a number 

of fault lines due to dislocations. These fault lines expanded 

beyond their original size as a result of the high pressure to 

which the spool was subjected. The grains boundaries appear 

to be wider between adjacent grains. The grains also appear 

to be a lot more compact and noticeably shrunk in diameter. 

The reduction in diameter indicates that each grain is forced 

to occupy as minimal space as possible leading to increased 

stresses in the grain to grain bonds. This is due to the effect 

of the pressure and stresses on the bonding between the 

grains and the possible strain hardening as a result of the 

pressure; considering the atomic packing factors for the 

specimen; it is found that the control specimen possesses the 

greatest packing density which reduces significantly in the 

hydrostatically tested specimen. The service tested specimen 

also showed a deviation from the APF of the control 

specimen although to a much lesser degree. The reduction in 

packing density indicates a reduction in overall mechanical 

properties of the material as a result of increase in the 

tendency for dislocation to form in the pipe material under 

lesser stress conditions compared to the properties of the 

control specimen (manufacturer’s specifications). 

6. Recommendation 

This research, though conscientiously in detail, cannot 

claim to be comprehensively beyond question. Thus, the 

researcher makes the following recommendations: An 

intensive study of the effects of hydrostatic pressure testing 

on the weld regions as well as the heat affected zone regions 

of the pipe spool is recommended for further studies; further 

work should be carried out to demonstrate the implications of 

the change in mechanical properties of the pipeline materials 

like creep, tensile strength, fatigue, etc.. 
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