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Abstract  Hydrogen compatibility of materials refers to the ability to exhibit reliable
mechanical integrity and a probability of failure in a given hydrogen-exposed environment. 
Currently, no experimental methods for qualifying the hydrogen compatibility of materials have 
been standardized, and testing expertise has been restricted to only a few laboratories. With
international coordination, this paper presents the experimental activities and results to
establish a code of practice. The experimental campaign included a slow strain rate tensile 
(SSRT) test and a notched fatigue life test on SUS316L-grade austenitic stainless steel, which 
has been widely used in structural components in hydrogen service. Sub-sized tensile 
specimens were machined from a bar with a gauge diameter of 4.00 mm and a gauge length of 
20 mm. A notched specimen with a notch angle of 60°, notch radius of 0.12 mm, and net 
section diameter of 4 mm was prepared for the fatigue life test. The net section stress in the
notched specimen at maximum load (σmax) was 444 MPa in a tension–tension loading condition 
with a loading ratio of R = 0.1. The tests were performed at a temperature of 233 K (-40 °C) in 
two environmental conditions: high-pressure hydrogen gas at 90 MPa and nitrogen gas at 
0.1  MPa (three tests for each condition). No noticeable degradation in yield strength and
tensile strength was observed in the specimens tested under hydrogen pressure of 90 MPa H2

at -40 °C compared to that tested 0.1 MPa N2 at -40 °C, however, hydrogen had a remarkable 
effect on reduction area (RA), and strain at fracture. The consistency of the experimental
conditions and results from different laboratories with a distinct testing system were closely
compared and discussed. 

 
1. Introduction   

The infrastructure for onboard storage and transportation of hydrogen is still the main obsta-
cle in accelerating the commercialization of fuel cell vehicles. The design criteria for hydrogen-
exposed structures are stricter in terms of material compatibility because hydrogen can de-
grade the mechanical properties of almost all structural materials [1, 2]. Hydrogen-exposed 
service components must be designed with a higher safety factor, which is often based on me-
chanical load, environmental conditions, material performance, and design service life. A per-
formance database and general materials qualification is required for designing components 
used in hydrogen service. A general method for studying the hydrogen compatibility of materi-
als is a comparison of the mechanical properties of hydrogen-exposed specimens with those of 
specimens not exposed to hydrogen [3-5]. Testing of hydrogen embrittlement (HE) susceptibil-
ity can be based on various testing techniques such as slow strain tensile test (SSRT), S-N 
fatigue, and fracture mechanics. At present, two methods used to introduce hydrogen into the 
test sample include: using a pre-charged process (such as electro-chemical charging, thermal 
charging), or directly exposing in a high-pressure hydrogen environment (in situ testing). Al-
though the HE mechanism may be similar for both test methods, the initial boundary conditions 
are very different, mostly relating to the difference in the hydrogen distribution on the specimen 
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[6, 7]. In general, conducting with hydrogen pre-charged 
specimens required less complicated testing systems com-
pared to the testing method in a gaseous hydrogen environ-
ment. In situ testing method may be more appropriate for rep-
resenting the conditions that components exposed directly to 
hydrogen gas such as hydrogen vessels, structural pipelines. 

The mechanisms of hydrogen-degraded mechanical prop-
erties have been extensively investigated in the Refs. [1-3, 5-
12]. The group of ferritic/martensitic steels is the most com-
monly used materials for structural components since these 
steels often exhibit high strength and toughness at low costs. 
However, due to low hydrogen solubility and high diffusivity, 
nearly all body-centered cubic steels exhibit severe suscepti-
bility to HE [13-16]. With the ongoing demand for structural 
materials for use in the hydrogen economy infrastructure, 
grade 300 austenitic stainless steel is promising [5-7, 9, 11, 
17-19]. It is noted that the HE of austenitic stainless steel is a 
temperature-dependent and pressure-dependent process. 
Thus, accurate control of environmental factors is critical in 
evaluating the hydrogen compatibility of materials. The allow-
able temperature ranges for the commercial hydrogen storage 
vessel are from -50 °C to 85 °C. These temperature ranges 
are generally represented for the extreme ambient tempera-
ture conditions to which hydrogen service may expose during 
actual operating conditions. For example, the onboard hydro-
gen vessel in the fuel cell vehicle is often cooled to -40 °C 
before re-fueling. Thus, to build a model that best reflects the 
operating conditions of the hydrogen vessel, mechanical tests 
resembling environmental conditions are conducted which are 
at high-pressure hydrogen and a low-temperature condition. 
At present, experimental research of its tensile and fatigue life 
properties in low-temperature and extremely high-pressure 
gaseous hydrogen environments is limited owing to the com-
plexity of the installation of experimental equipment [11, 17-
19]. The main purpose of this research is to provide additional 
SSRT and notched fatigue life test results for SUS316L aus-
tenitic stainless steel in low-temperature and high-pressure 
hydrogen environments to establish a code of practice. The 
detailed temperature control and hydrogen gas purity condi-
tions are explained. A comparative analysis of the results ob-
tained under different research institutes may provide an in-
sight into the sensitivity of the hydrogen compatibility of mate-
rials to important parameters such as specimen surface and 
experimental conditions. 

 
2. Experimental setup 
2.1 Materials and specimen 

Slow strain rate tensile (SSRT) tests and notched fatigue life 

tests were performed on SUS316L grade austenitic stainless 
steel. The material composition is presented in Table 1. The 
reference tensile properties are presented in Table 2. Sub-
sized tensile specimens were machined from a bar with a 
gauge diameter of 4.0 mm and a gauge length of 20 mm in 
accordance with ASTM E8/E8M [4]. A constant crosshead 
speed of 10-3 mm/s was used in the SSRT test. To avoid po-
tential cracks at the contract point between a contact-type ex-
tensometer and the specimen, the extensometer was specifi-
cally not used. After the SSRT test, the strain at fracture was 
evaluated from two marking points on the gauge length of the 
broken specimens. A notched specimen with a notch angle of 
60°, a notch radius of 0.12 mm, and a net section diameter of 
4.0 mm were prepared for the notched fatigue life test. Ten-
sion–tension notched fatigue life tests were conducted at a 
stress ratio of R = 0.1 and a test frequency of 1 Hz. The fatigue 
life tests with the notched specimen were carried out at the 
maximum load (σmax) was 444 MPa in a tension–tension load-
ing condition with a loading ratio of R = 0.1. The stress value of 
444 MPa is corresponding to the net-section stress of 2/3 the 
measured tensile strength, which is approximately equal to the 
maximum allowable stress value of this material. The specimen 
shapes and dimensions are shown in Fig. 1. Surface rough-
ness was measured by a roughness detector (Mitutoyo SJ-
410; Mitutoyo Cooperation) with a measuring speed of 
0.5 mm/s and cut-off length, λc = 0.5 mm. 

 
2.2 Temperature control 

The gaseous hydrogen test system in ambient air was modi-
fied to create a low-temperature environment, as shown in 
Fig. 2. The original equipment was a vessel with a maximum 
pressure of 120 MPa integrated on a servo-hydraulic material 
testing frame. The test pressure in the vessel was accurately 
controlled by a computer in the safety control room. The load 
generated during the mechanical test process was measured 
from a load cell inside the autoclave with a maximum capacity  

Table 1. Chemical composition of SUS316L (wt.%).  
 

C Si Mn P S Ni Cr Mo 

0.019 0.49 1.41 0.029 0.024 12.19 17.13 2.05 

 

Table 2. Mechanical properties of the reference material at room tempera-
ture. 
 

σ0.2 [MPa] σUTS [MPa] Elongation [%] RA [%] 

245 551 60 78 

 
 

Table 3. Conditions of SSRT and notched fatigue tests. 
 

Test Environment Conditions Number of tests

0.1 MPa N2 0.001 mm/s 1 

10 MPa N2 0.001 mm/s 2 
SSRT  
-40 °C 

90 MPa H2 0.001 mm/s 3 

0.1 MPa N2 
f = 1 Hz,  

σa = 200 MPa 3 Notched  
fatigue  

R = 0.1, -40 °C 90 MPa H2 
f = 1 Hz,  

σa = 200 MPa 3 

 



 Journal of Mechanical Science and Technology 36 (1) 2022  DOI 10.1007/s12206-021-1214-8 
 
 

 
159 

 

 
of 50 kN; the strains were measured using an extensometer 
with a gauge length of 25.4 mm inside the pressure vessel. 
Low-temperature test conditions were produced using a con-
duction-cooling method to decrease the temperature in the 
autoclave. To achieve the desired test temperature, the low-
temperature flow from the liquid nitrogen tank was injected into 
a cooling pipe system installed around the autoclave (Fig. 2(b)). 
The temperature was monitored by thermocouples installed 
inside the autoclave and on the test specimen. The variation in 
temperature and pressure with time during the test process is 
shown in Fig. 3. 

 
2.3 Gas environment preparation 

Previous studies have reported that hydrogen gas purity 
plays a key role in the hydrogen environmental embrittlement 
(HEE) susceptibility of materials. A small impurity in the hydro-
gen gas such as carbon monoxide (CO) or oxygen (O2) can 
greatly affect the hydrogen-metal surface interaction and re-
duce the HEE susceptibility [20-23]. Analysis of impurities in 
the hydrogen gas before testing is necessary to obtain reliable 
results. The preparation of the gas environment is also impor-
tant to ensure gas purity. After equipment assembly, the hy-
drogen environments in the autoclave were carefully produced 
through vacuuming, and high-purity nitrogen and high-purity 
helium gas purging. The autoclave was purged with high-purity 
nitrogen gas (four times) followed by high-purity helium (three 
times) to 10 MPa. The nitrogen and helium purities were 
99.9999 %. Prior to filling with H2 at the test pressure of 
90 MPa, the system was purged three times with high-purity 
hydrogen gas (99.9999 %). The O2 content was evaluated 
using a gas analyzer (DF 370 E), and the presence of H2O was 
measured using a moisture analyzer (HALO 3) installed down-
stream of the testing system. Gas analysis was conducted 
immediately before the test. The gas analyzer results indicated 
that the hydrogen gas contained 0.17 ppm O2, 0.17 ppm N2, 
and 0.077 ppm H2O. The calibration gas used in gas analyzers 
is also important in the precise evaluation of gas impurities. In 
our system, gaseous components including O2, Ar, N2, CH4, 
CO, CO2, and He was used as the calibration gas. The compo-
sitions of the reference gas and the hydrogen gas impurity are 
presented in Tables 4 and 5, respectively. 

(a) 
 

 
(b) 

 
Fig. 1. Schematics of tested specimens: (a) SSRT test specimen; (b) 
notched fatigue life test specimen. 

 

 (a) (b) 
 
Fig. 2. Experimental setup for testing in (a) the gaseous hydrogen test 
system in ambient air; (b) gaseous hydrogen test system at low-
temperature conditions. 

 

 
Fig. 3. Variation in temperature and pressure with time from the beginning 
of cooling to end of the tests. 

 

Table 4. Composition of reference gas for calibration. 
 

O2+Ar N2 CH4 CO CO2 He 

5.62 4.57 5.05 5.18 5.53 Bal. 

 
Table 5. Gaseous hydrogen analysis results. 
 

 H2 
CO2+
CO N2 O2+Ar CH4 H2O

Current study (ppm) Bal. 0 0.17 0.17 0 0.077
CHCM 1 (ppm) 99.999 2 2 1 1 3.5 
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3. Results and discussion 
3.1 SSRT test results 

Fig. 4 presents a comparison of the nominal stress–stroke 
displacement curves of SSRT tests for specimens tested in 
nitrogen and hydrogen gas conditions. The curves nearly coin-
cide from the beginning to the point near the ultimate tensile 
strength. A clear distinction is only observed near the ultimate 
tensile strength point. The ultimate tensile strength of the 
specimen was slightly greater in N2 gas than in a high-pressure 
H2 environment. The ultimate tensile strength values from the 
four laboratories were comparable, as shown in Fig. 5.  

The experimental results for the strength and ductility (elon-
gation and reduction in area) parameters are presented in Ta-
ble 6. The results from other laboratories; named as Lab-1, 
Lab-2, Lab-3 are included for comparison [24]. The average 
strain at fracture was at least 67.9±2.24 % in the N2 environ-
ment while it was approximately 54.0±7 % in 90 MPa H2, 
18.6 % less than in N2. The RAs are consistent at approxi-

mately 81.0 % in the nitrogen-exposed specimens, and ap-
proximately 51.0±3 % in 90 MPa-exposed specimens. The 
variation in the RA presents a trend similar to that of the strain 
at fracture; however, the RA rate is greater than the strain rate.  

A comparison of strain at fracture, RA, and relative reduction in 
area, RAA (RAA = RAH2/RAHe) obtained by four laboratories is 
shown in Figs. 6 and 7. The strain at fracture in the present data-
set in an N2 or H2 environment was significantly lower than the 
results from other laboratories. The measured RA of the nitrogen-
exposed specimens was consistent among the laboratories; 
however, there were notable discrepancies in the RA of hydro-
gen-exposed specimens. As shown in Fig. 7(a), the lowest RA 
was obtained by the current results, approximately 51 %; the 
greatest average result was obtained by Lab, approximately 77 %. 

 
Fig. 4. Nominal stress–stroke displacement curves for SSRT test under 
different environmental conditions. 
 
 

 
Fig. 5. Comparison of tensile strength in 0.1 MPa N2 at -40 °C and 90 MPa 
H2 at -40 °C among the four research laboratories. 
 

Table 6. Summary of SSRT test results under different environmental 
conditions. 
 

Test  
cond. Inst. 

Tensile 
strength 
(MPa) 

EL 
(%) 

RA 
(%) 

1* 730 65.3 80.2 

2* 711 69.4 81.7 

3 730 68.9 81.3 
Current 
study 

Aver. 721±13 67.4±2.9 81.0±1.1

Lab-1 Aver. 718 77 83 

Lab-2 Aver. 716 85 84 

0.1 
MPa N2

40 °C 

Lab-3** Aver. 698 86.3 84.19 

1 702 55.5 50.2 

2 698 46.4 49.1 
3 680 61.2 54.4 

Current 
study 

Aver. 693±12 54.0±7 51.0±3 

Lab-1 Aver. 701 78 77 
Lab-2 Aver. 702 83 67 

90  
MPa H2

- 40 °C 

Lab-3 Aver. 728 81.4 61.65 

* N2 pressure: 10 MPa, ** N2 pressure: 6.5 MPa 
 

 
Fig. 6. Comparison of strain at fracture in 0.1 MPa N2 at -40 °C and 90 MPa 
H2 at -40 °C among the four research laboratories. 
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The values obtained by Lab-2 and Lab-3 were approximately 
67 % and 61.65 %, respectively. The variation in the RRA be-
tween the four research institutes was similar to the variation in 
the RA tested in H2, as shown in Fig. 7(b). 

Fig. 8 shows macroscopic and microscopic images compar-
ing the fracture surface in nitrogen and hydrogen gas. In Fig. 
8(a), a typical cup-cone fracture can be observed in the nitro-
gen-exposed specimen, which includes the shear stress frac-
ture region (Fig. 8(a1)) and the purely normal region (Figs. 
8(a2) and (a3)). The 90 MPa hydrogen-exposed specimens 
exhibited significantly different fracture features. The fracture 
surface was mixed with brittle quasi-cleavage fractures. The 
outer specimen surface exhibited a predominant brittle inter-
granular fracture; the inner portion of the fracture surface had a 
mixture of quasi-cleavage fractures, intergranular fractures, 
and fine dimples with quasi-cleavage as the dominant fracture 
mode. The change in the fracture mechanism with the distance 
from the outer surface is attributed to the difference in hydro-
gen. It is well-established that locations with a high defect den-
sity in the metal lattice such as austenite grain boundaries are 

often preferential for hydrogen trap sites. The early critical hy-
drogen content for hydrogen-assisted crack initiation near the 
surface may lead to the formation of crack initiation sites along 
the austenite grain boundary, resulting in a dominant inter-
granular fracture, as shown in Fig. 8(b1). At a certain crack 
path propagation in the inner portion, some active fracture 
mechanisms are completed, such as the formation of micro-
voids and crack propagation, resulting in a mixture of dimple, 
intergranular, and quasi-cleavage fractures, as shown in Figs. 
8(b2) and (b3). 

 
3.2 Fatigue test results 

Fig. 9 shows a comparison of the fatigue life on the notched 
specimen in 0.1 MPa N2 and 90 MPa H2. The results obtained 
by other research institutes are included for comparison. The 
average fatigue life of specimens in 0.1 MPa N2 at -40 °C is 
approximately 20655 cycles. The average fatigue life in 

(a) 
 

(b) 
 
Fig. 7. Comparison of (a) reduction in area (RA) in 0.1 MPa N2 at -40 °C 
and 90 MPa H2 at -40 °C; (b) relative reduction in area (RAA) among the 
four research laboratories. 

(a) 
 

(b) 
 
Fig. 8. Fracture morphology of SSRT specimen in different environmental 
conditions exhibited significantly different fracture features: (a) 10 MPa N2

at -40 °C; (b) 90 MPa H2 at -40 °C. 
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90 MPa H2 at -40 °C is approximately 10776 cycles, approxi-
mately 50 % less than in an N2 environment, as shown in  
Table 7. The fatigue life results are comparable among the 
three laboratories, in both 0.1 MPa N2 and 90 MPa H2 envi-
ronments. Fig. 10 presents a comparison of the nominal stress 
amplitude-fatigue life diagrams for the laboratories. The square 
symbols indicate the current results; the open triangles and 
open circles indicate the results reported by Lab-1 and Lab-2, 
respectively. Although the fatigue life was not always the same 
at different laboratories, the fatigue life range and average 

were comparable among the three laboratories. 
Fig. 11 shows typical macroscopic and microscopic images 

of the fracture surfaces observed by SEM after the fatigue life 
test for both nitrogen-exposed and hydrogen-exposed speci-
mens. In the macroscopic observation, all fracture surfaces 
presented similar features with two distinct regions: fatigue 
fracture and overload fracture regions. Detailed microscopic 
observations were performed at several locations from the 
crack initiation site to the region near the overload fracture area. 
The crack initiation sites in both specimens were completely 
flat and decorated with facets. Striation forms were clearly ob-
served on the fracture surface of the nitrogen-exposed speci-
men, representing a typical fracture mechanism in the fatigue 
failure of ductile materials, as shown in Fig. 11(a). The micro-
fracture surface of the hydrogen-exposed specimen was deco-
rated with a mixture of quasi-cleavage fracture and striation 
marks (Fig. 11(b)). Striation patterns were observed, but the 
fraction area where striation forms appeared was less distinct 
than in the nitrogen-exposed specimen. 

Table 7. Notched fatigue life test results. 
 

Laboratory 0.1 MPa N2 
-40 °C 

90 MPa H2 
-40 °C 

1 21645 9327 

2 22455 11081 
3* 17866 11921 

Current  
study 

Aver. 20655±2449 10776±1323 

Lab-1 Aver. 21829 11558 
Lab-2 Aver. 24033 9983 

 

 
Fig. 9. Comparison of average fatigue life in 0.1 MPa N2 at -40 °C and 
90 MPa H2 at 40 °C among the three laboratories. 

 

 
Fig. 10. Comparison of nominal stress amplitude versus number of cycles 
to failure diagram among datasets obtained from KRISS, Lab-1 and Lab-2.

(a) 
 

(b) 
 
Fig. 11. Macroscopic and microscopic images of fracture surfaces after 
fatigue life test: (a) nitrogen-exposed specimen; (b) hydrogen-exposed 
specimen. 
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3.3 Discussion 

The effect of high-pressure hydrogen and temperature on 
the mechanical properties of group 300 austenitic stainless 
steel has been extensively researched [1-3, 5, 6, 10-12]. The 
yield strength was not affected by gaseous hydrogen; the ulti-
mate tensile strength was slightly decreased. It is attributed to 
the austenitic stainless steel with a high nickel content 
(Nieq = 28.01) can retain its stability under a uniform deforma-
tion process regardless of hydrogen conditions [5]. Irrespective 
of the experimental conditions in different laboratories, the 
ultimate tensile strength results were comparable in nitrogen 
and hydrogen environments. Quantitative values related to 
ductility properties such as the RAs and RRAs have been 
widely used as material selection criteria for structural compo-
nents in hydrogen service. In Fig. 6(a), there is no significant 
difference in the RA of the nitrogen-exposed specimen among 
the four laboratories. However, there are notable discrepancies 
in the strain at fracture, RA, and RAA in datasets obtained from 
the different laboratories, meanwhile the results in the current 
study in 90 MPa H2 at 40 °C were the lowest. Because the test 
material was from the same supplier, the discrepancies in the 
results can be attributed to differences in the experimental 
preparation for testing the hydrogen environment or the speci-
men conditions. Preparation of the hydrogen test environment 
is important for the precise evaluation of gas impurities. From 
the literature review, impurities in a hydrogen gas environment 
may have inhibitory effects on the hydrogen-induced degrada-
tion of tensile and fatigue properties. Oxygen is an impurity 
most likely to be present in H2 test environments. Precise 
evaluation of the oxygen content is critically important to accu-
rately evaluate the hydrogen compatibility of materials [20-23]. 
As shown in Table 6, the impurity analysis results in H2 testing 
exceeded the CHCM-1 standard requirement [24]. Although 
there is no specific gas impurity analysis data from other insti-
tutes, it is clear that the hydrogen gas purity was strictly con-
trolled. However, it is important to note that the oxygen concen-
tration contained in hydrogen can be gradually increased with 
exposure time when hydrogen is stored in a closed vessel [21]. 

This factor can also show an inhibitory effect on the HEE sus-
ceptibility of materials.  

In the aforementioned discussions, H2 gas impurities might 
be excluded as a primary reason for the discrepancy. In dis-
cussions with the other institutes, the difference in the experi-
mental sample conditions became apparent, not only the sur-
face roughness but also residual stress and work hardening in 
the material layer near the outer surface. It has been reported 
that surface roughness plays important role in the interaction 
between hydrogen and metal surface. Ez-Zaki et al. reported 
that the susceptibility to HE increases significantly with the 
increase of the surface roughness from Ra = 0.03 µm to 0.5 µm 
[22, 25]. Prior to the experiment in a hydrogen gas environment, 
the specimen surfaces in Lab-1, Lab-2, and Lab-3 [26] were 
carefully finished by mechanical polishing and buffing. How-
ever, the present experiments did not include mechanical 
grinding and polishing. Fig. 12 presents a comparison of the 
typical roughness profile between the current and Lab-3’s 
specimens. The surface roughness, Ra of the present speci-
men was about 0.445 μm while the estimated value on Lab-3’s 
specimen is only about 0.055 μm which is approximately 10 
times lower than that in the current specimen. Therefore, ir-
regularities left during the machining process can become sites 
of stress concentration, which can increase both hydrogen 
trapping and the rate of hydrogen diffusion, and act as pre-
ferred sites for hydrogen-assisted crack initiation, resulting in a 
reduced strain at fracture, RAs, and RAAs. The implementation 
of research to clarity a synergistic effect of the specimen sur-
face conditions, and gas purity on the SSRT test results, will be 
investigated in future work. 

The differences in the notched fatigue life in the hydrogen-
exposed specimen datasets are not distinct compared to those 
of the strain at fracture, RA, or RAAs. Scatters in the fatigue life 
in both nitrogen and hydrogen environments are often ex-
pected, especially in a low-stress amplitude regime, mainly 
attributed to the anomalous initiation and propagation of small 
fatigue cracks at the notched location. As above-mentioned 
results, the main reason for the difference between the present 
results for SSRT under 90 MPa H2 and those of other research 
institutes is the difference in the state of the experimental 
specimen surface. A pre-existing scratch-like notch can 
strongly affect the specimen surface reaction to hydrogen. 
However, the notched fatigue specimen was tested to mitigate 
the formation of a large plastic strain in the gauge length. The 
high stress/strain localization at the notch root can also in-
crease the rate of hydrogen diffusion and the number of hydro-
gen traps on a larger scale. Thus, less distinct differences in 
the fatigue life among the four laboratories can be attributed to 
the effect of the stress triaxiality on hydrogen diffusion, which 
dominated the effect of the specimen surface conditions. 

 
4. Conclusions 

SSRT and notched fatigue life tests of SUS316L austenitic 
stainless steel were performed in high-pressure hydrogen and 

 
Fig. 12. Comparison of the initial surface roughness profile between the 
current and Lab-3’s specimen.  
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nitrogen gas at -40 °C. The test results were compared with 
those of other research laboratories to clarify the effect of the 
experimental conditions. The following conclusions were 
drawn: 

1) No remarkable degradation in the ultimate tensile strength 
was observed in the specimens tested under high-pressure 
hydrogen of 90 MPa H2 at -40 °C, compared to that tested 
0.1 MPa N2 at -40 °C. 90 MPa H2 at -40 °C had a significant 
effect on RA and strain at fracture. 

2) The estimated tensile strengths were comparable to those 
obtained by other laboratories, however, there were remark-
able discrepancies in the strain at fracture, RA in the hydrogen-
exposed specimens. The differences in the hydrogen 
compatibility of materials are attributed mainly to the differ-
ences in the experimental specimen, and environmental condi-
tions. 

3) The fatigue life of the specimen exposed to 90 MPa H2 at -
40 °C is approximately reduced by 50 % compared to that 
tested in N2 environment. The less distinct differences in the 
fatigue life among the three laboratories can be attributed to 
the effect of the stress triaxiality on hydrogen diffusion. The 
high stress/strain localization at the notch root can enhanced 
hydrogen diffusion rate and hydrogen traps which dominated 
the specimen surface conditions dependency of hydrogen-
assisted fracture. 
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Nomenclature----------------------------------------------------------------------------------- 

EL : Elongation, % 
HEE : Hydrogen environment embrittlement 
R : Loading ratio 
RA : Reduction in area, % 
RRA : Relative reduction in area 
SSRT : Slow strain rate tensile 
σa : Nominal stress amplitude, MPa 
σ0.2 : 0.2 % offset yield strength, MPa 
σUTS : Ultimate tensile strength, MPa 
σmax : Net section stress at maximum load 
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