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Summary 
 
This document contains the results from the ARCHER SP4 Workpackage 2 activity on the development of 
reference mechanical and micro-structural data for 800H and weldments.  The scope of work is focussed on 
mechanical tests and microscopy studies. 
 
The report provides results from tests perfomed at NRG on Alloy 800H parent plate and weld. The scope 
covers tensile tests at room temperature, 700

o
C and 800

o
C in air to address monotonic behaviour; low cycle 

fatigue tests (with and without tensile hold times at four different strain ranges) on parent plate material to 
investigate cyclic behaviour and influence of hold time on strain-life behaviour; and their reference 
microstructural investigations.  
 
The tensile results show a significant reduction in strength properties between 700 and 800oC.  Fatigue life 
is substantially affected by tensile hold time with the maximum reduction occuring at the lowest starin range.  
Microstructural studies on the parent plate and weld show a high concentration of small spheroidal inclusions 
(mainly Nb-Ti) in the weld consistent with an effective shielding of the weld pool (from oxygen) during the 
GTAW process. 
 
For the tensile results a good agreement is seen with recent published results from the ASME LLC on the 
development of Allowable Stresses in ASME Section III NH for Alloy 800H and which indicates that in all 
cases the weld strength is better than that of the parent plate. 
 
This report provides the status of the investigative work on the mechanical and microstructural investigations 
within WP42 Task 2 for Alloy 800H up to the 3

rd
 year of the ARCHER Progamme. 
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1 Introduction  
 
This covers the investigation of ‘Alloy 800 H’ material and weldments.  The task is the part of the work 
package 4.2 (WP42) of the large European project ARCHER, which is mainly targeted at extending the 
state-of-the-art European technology basis for (Very) High Temperature Rectors, (V)HTR. The objective of 
the work is to characterize the reference mechanical properties (creep/creep-fatigue interactions) of the Alloy 
800 H (base and weld material) at temperatures ranging from RT to 750

O
C and to carry out the micro-

structural studies on the base and weld materials.   The main activities are associated with (i) material 
procurement, (ii) sample fabrication, (iii) microscopy, (iv) mechanical testing and finally (v) reporting of the 
total work. In view of the level of funding, the focus has been kept on studying the creep-fatigue interactions 
with low cycle fatigue (LCF) tests with hold time (at peak stresses) for only one chosen temperature in 
air/vacuum and the microscopic investigations using OM, SEM and/TEM. Preliminary microscopic studies 
have also been performed on the weld Alloy 800H material using OM and SEM.  No irradiation experiments 
will be performed in this part of project. The original work scope included an additional contribution from JRC 
but due to resource reductions this contribution was no longer available and the contribution form NRG has 
been used for this work.  A summary of the results at NRG is given in section 2 and contained in Appendix A. 
Section 3 summarises a comparison of available tensile results against recent published results from the 
ASME LLC on the development of Allowable Stresses in ASME Section III NH for Alloy 800H [Ref 1]. 
 
 

2 Results from Tensile & Fatigue tests and Microscopy at NRG 

(Attachment A) 
 

The objective of ‘this work is to characterize the reference mechanical properties (tensile and 

creep/creep-fatigue interactions) of the alloy 800H base and weld material at temperatures ranging from 

temperatures of RT to 800OC and to carry out micro-structural studies on the materials. The primary focus 

was to study the base material properties and according to an agreement reached between the project 

partners, the testing of weld material depends upon the availability of leftover material and budget.  

Following discussion at the first ARCHER progress meeting in Julich, the following was agreed: 

• Perform tensile testing at 3 different temperatures in air environment. 

• Perform low cycle fatigue (LCF) tests with and without hold time at the peak stresses (for creep-

fatigue interaction study); to be performed at one single temperature in air environment and at 4 

different strain ranges. 

• Perform limited scale microscopic studies using optical microscopy (OM), scanning electron 

microscopy (SEM) and transmission electron microscopy (TEM). 

• Compile the results of the tensile and fatigue/creep-fatigue interaction tests, including the results 

from the micro-structural investigation into a report. 
 

The results of the investigations are given in Attachment A 

 

The findings are compared with available ASME information as discussed in section 3 below. 

3 Comparison with Allowable Stresses in ASME Section III NH for 

Alloy 800H 
 

3.1 Tensile & Yield stress results 
 

Tensile tests on Alloy 800H base and weld materials have been performed at RT, 700oC and 800oC. In both 

the base and weld materials, a considerable decrease of the strength properties (YS and UTS) has been 

observed with increasing the temperature, particularly with the reduction in UTS from 700oC to 800oC.  

Below a comparison of the results is made against the available ASME results given in Ref [1].  The ASME 
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results have been extracted from Part II of Ref [1] and are shown below in Figures 1a) and 1b).  The 

corresponding NRG test results are shown in Figure 1c). 

 
Figure 1 (a) ASME results: Comparison of weldment yield strength  

with base metal Alloy 800H 
 

 
Figure 1 (b) ASME results: Comparison of weldment tensile strength  

with base metal Alloy 800H 
 

 
Figure 1 (c) NRG results: Comparison of tensile and Yield strength  

Of base metal Alloy 800H 
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The results show that the measured sharp fall off in tensile strength between 700 and 800

o
C is consistent 

with the results presented by ASME.  The weldment strength is greater than that of the parent material and 
again consistent with the ASME values.  An analysis of the tensile and yield data used within the ASME 
Section NH is given in Ref [2] using a trend curve based on the ratio of the elevated temperature strength to 
the room temperature strength.  The resulting allowable stress values for the material over the range RT to 
900

o
C are given in Ref [2] and compared with other alloys used in ASME NH in Ref [3].  The recommended 

allowable stress intensity values for Alloy 800H up to 900
o
C from Ref [2] are shown below in Table 1. 

 
The current values for Y-1 and U in ASME Section II, Part D should be retained to their current temperature 
limits (1000°F or 525°C).   
 
The value for Y-1 at 1000°F (525°C) Section II, Part D should replace the newly calculated 
Sy1 values in Table I-14.5 until the newly calculated SY1 values fall below the Y-1 value at 
1000°F (525°C). 
 
The Sm values are based on the lower of 90% Y-1 and U/3 from ASME II-D Table Y-1 and Table U 
for temperatures to 1000°F and 525°C. Above these temperatures, values based on 90%SY1 and SU/3 
from the below table are recommended: 
 
The following values to 900

o
C then apply: 

 
 

Temp 
°C 

RY SyRy 

MPa 
Sy1 

MPa 
 RT 1.1STRT 

MPa 
SU 

MPa 
 Sm 

MPa 

425         104 

450         102 

475         101 

500         99.0 

525         97.2 

550 0.651 112 108  0.816 402 402  97.2 

575 0.646 111 108  0.793 391 391  97.2 

600 0.639 110 108  0.766 378 378  97.2 

625 0.631 109 108  0.735 362 362  97.2 

650 0.621 107 107  0.700 345 345  96.3 

675 0.608 105 105  0.661 326 326  94.5 

700 0.593 102 102  0.618 305 305  91.8 

725 0.575 99.1 99.1  0.572 282 282  89.2 

750 0.554 95.6 95.6  0.524 258 258  86.0 
775 0.531 91.5 91.5  0.473 233 233  77.8 

800 0.504 86.9 86.9  0.422 208 208  69.3 

825 0.475 81.8 81.8  0.369 182 182  60.9 

850 0.442 76.3 76.3  0.318 157 157  52.2 

875 0.408 70.3 70.3  0.268 132 132  44.0 

900 0.371 64.0 64.0  0.221 109 109  36.4 

 

Table 1 ASME Recommended Allowable Stress Intensity Values (SY, SU, Sm) for Alloy 
800H: (425 to 900oC), from Ref [2] 

 

3.2 Values for St 
 
Within the ASME Code the short-time values for St are controlled by the value of the hot tensile curve at 1% 
strain over much of the temperature range from 425 to 725°C. Most of the values at intermediate 
temperatures and the longer times and higher temperature values are controlled by the 
time to initiate tertiary creep. Although no specific tests have been performed within this task to compare 
against these ASME St values, the recommended ASME St values have been reproduced here for 
information to provide a comparison with the values used for the design of the compact  and full size IHX 
investigations in WP43. Recommended ASME values for St from Ref [2] are shown diagrammatically in 
Figure 2 and in tabular form in Table 2. 
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Table 2 ASME Recommended Allowable Stress Intensity Values (St,) for Alloy 800H: 
(425 to 900oC), from Ref [2] 
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Figure 2 ASME Recommended values for St verses Temperature for Alloy 800H 

(taken from Ref [2]) 
 

3.3 Values for Smt 
 
The low temperature short time values of Smt are controlled by the value of Sm.  For Alloy 800H, most of the 
remaining values are controlled by the stress corresponding to the time to initiate tertiary creep. The 
recommended values within ASME for Alloy 800H are given in Ref [2].  Although no specific tests have been 
performed within this task to compare against these ASME Smt values, the recommended ASME Smt values 
have been reproduced here for information to provide a comparison with the values used for the design of 
the compact  and full size IHX investigations in WP43. Recommended ASME values for Smt from Ref [2] are 
shown diagrammatically in Figure 3 and in tabular form in Table 3. 

 
Figure 3 ASME Recommended values for Smt verses Temperature for Alloy 

800H (taken from Ref [2]) 
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Table 3 ASME Recommended Allowable Stress Intensity Values (Smt,) for Alloy 

800H: (425 to 900oC), from Ref [2] 
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3.4 Values for Sr 
 
Minimum recommended ASME values for stress to rupture for Alloy 800H are also listed in Ref [2] for 
temperatures from 425 to 900

o
C.  Again no specific tests have been performed by NRG within this task of 

ARCHER for comparison.  The recommended values provided by ASME have been reproduced below for 
information and for comparison with the values used for the design of the compact and full size IHX 
investigations in WP43. Recommended ASME values for Sr from Ref [2] are shown diagrammatically in 
Figure 3 and in tabular form in Table 3. 

  
Figure 3 ASME Recommended values for Sr verses Temperature for Alloy 800H 

(taken from Ref [2]) 
 
The extension of ASME III-NH to higher temperatures and longer times is also dependent on resolving 
issues related to weldment performance. Weld Strength Reduction Factors (SRF) currently provided in 
ASME III-NH for alloy 800H are not adequately supported by the available database for temperatures in 
excess of 730°C Ref [3].  No strength tests were performed by NRG within Task 2 of WP42.  Within 
ARCHER some testing of Alloy 800H welds and weldments are planned to assess representative weld 
factors for application to the Plate type IHX as part of the work of WP43.  Results from these tests will be 
used to check against the weldment factors used in ASME III NH when these are available.   
 



ARCHER – Compilation of reference mechanical & micro-structural data for 800H & weldments D42-12 
 

Page 11/14 

 

 
 

Table 3 ASME Recommended Allowable Stress to Rupture Values (Sr,) for Alloy 
800H: (425 to 900oC), from Ref [2] 
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3.5 Cyclic testing and Fatigue results 
 
The cyclic stress-strain behaviour of Alloy 800H specimens (0.6% total strain range) has been obtained with 
and without hold time (Appendix A).  The hold time has been applied in tension only.  For presentation of the 
cyclic stress-strain behaviour, only 4 cycles (i.e. cycle number 2, the cycle in which the saturation stress has 
been reached, and the cycles in which the peak tensile stresses ( ) have dropped by 25% (N25) and the 50% 
(N50) cycle have been illustrated.   The conclusion from the NRG tests is that a considerable strain softening 
can be seen in all the tests after an initial hardening followed by a plateau regime. In the case of hold time 
tests, a clear drop in the  maximum stress is observed during the hold period at the maximum tensile strain () 
indicating a clear stress-relaxation behaviour for the material at 800

o
C. This behaviour leads to a 

considerable reduction in low cycle fatigue life of this material in hold time tests at all 4 strain ranges at 
800

o
C (Figure 4.1). 

 
 

 
 

Figure 4.1 Comparison of the strain-life curves of the no-HT and HT tests at 800oC. 
 
Tests performed by NRG are for strain ranges of 0.6 % or greater.  The data base at Petten includes 
continuous cycle data with limited information on stabilised hysteresis loops and stress ranges.  Information 
on continuous cycling behaviour and creep-fatigue behaviour are also available in the ASME III-NH Code 
with information up to 850

o
C.  Ref [3] refers to poor hardening characteristics of solid-solution nickel based 

alloys above 800
o
C that can contribute to instability in fatigue specimens when tested and that for the HTR 

fatigue information at low strain ranges and long times will be the most appropriate with regard to operation 
behaviour. 
 

3.6 Other Issues 
 
Other issues to note from Ref [3] that may need clarification are effects of stabilisation heat treatment, strain 
rate effects on strength and ductility, diffusion creep and multi-axial creep rupture.  Several austenitic alloys, 
including alloy 800H and Alloy 617 are susceptible to “relaxation cracking” in the service temperature range 
of 575 to 700°C (750°C for the case of alloy 617). Failures have been observed in the process industry and a 
second “stabilization heat treatment” at 980°C after the solution heat treatment is recommended to avoid 
relaxation cracking in alloy 800H. If introduced in ASME III-NH, the stabilization heat treatment could have 
an effect on the yield and ultimate tensile strengths.  Ref [3] therefore recommends that the extent of the 
effect should be established from a few tensile tests over the range of temperatures covered by SU and Sy1.   
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4 Conclusions 

Results from tests perfomed at NRG on Alloy 800H parent plate and weld are presented. The scope of the 
tests includes tensile tests at room temperature, 700

o
C and 800

o
C in air to address monotonic behaviour; 

low cycle fatigue tests (with and without tensile hold times at four different strain ranges) on parent plate 
material to investigate cyclic behaviour and influence of hold time on strain-life behaviour; and their  
reference microstructural investigations.  
 
The tensile results show a significant reduction in strength properties between 700 and 800

o
C.  Fatigue life is 

substantially affected by tensile hold time with the maximum reduction occuring at the lowest starin range.  
Microstructural studies on the parent plate and weld show a high concentration of small spheroidal inclusions 
(mainly Nb-Ti) in the weld consistent with an effective shielding of the weld pool (from oxygen) during the 
GTAW process. 
 
For the tensile results a good agreement is seen with recent published results from the ASME LLC on the 
development of Allowable Stresses in ASME Section III NH for Alloy 800H and which indicates that in all 
cases the weld strength is better than that of the parent plate. 
 
Design data recently derived for Alloy 800H for application in the ASME Code are presented for the 
allowables stress values Sm, St, Smt, Sr up to 900

o
C.  The NRG results for fatigue tests with tensile holds are 

presented and show a considerable strain softening and stress-relaxation behaviour for the material above 
800

o
C.  
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Summary 

This report summarize the results from mechanical testing and preliminary microscopy study of Archer 

Alloy 800H.  

This report is organized as follows. First, a brief description about the project is given including the scope 

and various activities agreed in this project. Then, the details about specimen preparation, test matrix and 

experiments are given. Finally, all the mechanical testing and microscopy results are summarized and 

conclusions are drawn with some recommendations for future work. 
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1 Project description 

1.1 Background 

ARCHER is a large European project, launched mainly with a target of extending the state-of-the-art 

European technology basis for (Very) High Temperature Rectors, (V)HTR. Total project is divided into 6 

sub projects (SP0-SP5) including a total of 19 work packages (WP). Project ‘Alloy 800H’ is defined for 

NRG’s contribution to tasks 4.2.1 and 4.2.2 within the work package 4.2 (WP42: High temperature alloys 

and instrumentation) of SP4. The goal of WP42 is to study materials suitable for application in heat 

transfer circuit components for (V)HTR reactor systems, i.e. (i) gas to steam generator unit (SGU) with a 

maximum operational temperature between 650 -700
o
C and (ii) gas to gas intermediate heat exchanger 

(IHX) with a maximum operational temperature between 700 - 850
o
C. Alloy 800H is identified as a 

candidate material for IHX components.  

1.2 Scope of the Alloy 800H project 

The objective of ‘Archer alloy 800H’ is to characterize the reference mechanical properties (tensile and 

creep/creep-fatigue interactions) of the alloy 800H base and weld material at temperatures ranging from 

RT to 800
O
C and to carry out the basic microstructural studies. The primary focus was to study the base 

material properties. According to an agreement reached between the project partners, testing of weld 

material is conditional and depends upon availability of both leftover material and additional budget. No 

irradiation experiments will be performed within this project. Because of the limited budget of this 

project, during the first ARCHER progress meeting in Julich, it was agreed the following: 

 tensile testing to be performed at 3 different temperatures in air environment. 

 low cycle fatigue (LCF) tests without and with a hold time at the peak stresses (for creep-fatigue 

interaction study) to be performed at one single temperature in air environment and at 4 different 

strain ranges.  

 limited scale microscopic studies using optical microscopy (OM), scanning electron microscopy 

(SEM) and transmission electron microscopy (TEM) to be performed.  

 the results of the tensile and fatigue/creep-fatigue interaction tests, including the results from the 

microstructural investigation to be reported.  
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1.3 Activities planned 

The following activities are planned within this project as a NRG contribution to tasks 4.2.1.and 4.2.2. 

1. Material procurement: Alloy 800H, both base material (BM) and weld material (WM) to be 

procured for mechanical testing and microscopy investigation.  

2. Specimen fabrication: Limited number of tensile and LCF specimens to be manufactured for 

mechanical testing. 

3. Microscopy work: Limited microstructural studies (OM +SEM) to be used for material 

characterization. 

4. Mechanical testing: Tensile and Low Cycle Fatigue (LCF) + hold time testing to be performed 

for creep-fatigue interaction phenomena studies in reference material state. 

5. Reporting: The mechanical testing results and the micrographs to be analyzed and reported.  
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2 Experimental 

2.1 Material 

ThyssenKrupp VDM, one of the partners of the Archer project, supplied the alloy 800H (base and weld) 

material. Two plates are received by NRG for testing purposes: a 100 mm x 150 mm x 16 mm alloy 800H 

base material plate (Figure 2.1 (a)) and a 100 mm x 300 mm x 16 mm tungsten inert gas welded (WIG) 

alloy 800H material plate (Figure 2.1 (b))  

 

 

 

 

 

Figure 2.1 Alloy 800H (a) base material and (b) welded material received from ThyssenKrupp VDM.    

The material data sheets supplied by ThyssenKrupp VDM for base and weld material are given in 

Appendix A. Details on the composition and the mechanical properties of these particular heats can be 

found in the sheets. General overview about the high temperature alloys produced by ThyssenKrupp, such 

as  alloy characteristics, composition, heat treatments, designations and standards, physical properties and 

mechanical properties can be found in reference (1).  

2.2 Mechanical characterization 

2.2.1 Tensile tests 

The tensile tests are performed on Instron servo-mechanic machine equipped with a 10 kN dynamic load 

cell and a high temperature furnace, with maximum operating temperature of 1100
o
C. The temperature of 

the furnace can be controlled precisely within ±2
o
C. All the tests are done in accordance with ASTM 

E8M. The tensile tests are performed at a constant  actuator velocity, resulting in an initial strain rate of 

5x10
-4

 s
-1

. The specimen geometry of the NRG tensile test specimen is given in Figure 2.2.  

(a) (b) 
RD 

TD 
WIG weld 

RD 

TD 



 

10/57 Confidential NRG-22907/14.119847revC 

 

Figure 2.2. Geometry of the tensile specimen. Dimensions are in mm. 

2.2.2 Low-cycle fatigue (LCF) test 

The LCF tests with and without hold time are performed on the Instron servo mechanic machine equipped 

with a 10 kN dynamic load cell and a high temperature furnace - same as mentioned above. Strain 

controlled LCF test are performed using an axial, high temperature capacitive extensometer for the strain 

measurement. The furnace has custom cut-outs for the extensometers, which are controlled by Eurotherm 

900EPC series temperature controllers. The LCF tests are performed in accordance with ASTM E606-92. 

The specimen geometry of the NRG LCF test specimen is given in  Figure 2.3.  

 

Figure 2.3. Geometry of the LCF specimen. Dimensions are in mm. 

All the LCF tests are performed in air at 800
o
C and at a strain rate of 1x10

-3.  
The cyclic strain ratio R 

(         ⁄   of -1 is employed. The applied total strain ranges (     ) include 1.5%, 1.2%, 0.9% and 

0.6%.  Tests are performed without and with a hold time (HT) only in tension (for creep-fatigue 

interaction study) at the 4 strain ranges given above. The number of cycles for 50% drop (N50) in the 

initial stress is used as a failure criterion for end of life cycles (Nf). Once the LCF test is finished (i.e. 
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after reaching N50) the sample is separated into two pieces by monotonic loading under tensile stress. 

Figure 2.4 shows the broken LCF sample at the end of the test.    

 

Figure 2.4. Picture of the broken sample (P417) at the end of the LCF test. In the figure, high temperature capacitive 

extensometer used for the axial strain measurement can also be seen. 

2.2.3 Test matrix 

During the 1
st
 ARCHER progress meeting in Julich, it was agreed between the partners that NRG will 

perform in total 3 tensile tests and 8 LCF tests with/without hold time on base material. Although testing 

of weld material was not committed during this first meeting, it was agreed to eventually perform weld 

metal characterization in case budget would be available after base material testing campaign is 

completed. Table 2.1 shows the test matrix of tensile and LCF tests accomplished in this project. The 

specimens are cut using electro discharge machining (EDM). Initially, tensile and LCF samples were cut 

in the transverse direction (TD) from the base material that was delivered at first. The weld material 

which was received later was welded across the rolling direction (RD) of the plate. To be able to compare 

directly the results between the base and weld materials, it was decided to re-cut both base and weld 

specimens in RD from the welded plate.  

Table 2.1. Test matrix of tensile and LCF tests performed in this project. 

Test name Tensile LCF in air at 800
o

C 

No-HT HT (1000 sec) 

No. of samples 
Base TD 3 (RT, 700 and 800

o

C) - - 

Base RD 3 (RT, 700 and 800
o

C) 4 8 

Weld RD 3 (RT, 700 and 800
o

C) - - 

Capacitive 

extensome

ter 

LCF sample 
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2.3 Microscopic examination 

Preliminary microscopic studies were performed on base alloy 800H material using OM, SEM and TEM. 

Weld material was investigated only by SEM. Details about the microstructure are discussed in the next 

section.  
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3 Results 

3.1 Tensile tests 

The stress-strain results from tensile tests performed at room temperature (RT), 700
o
C and 800

o
C are 

compared for base TD, base RD and weld RD specimens in Figure 3.1, Figure 3.2 and Figure 3.3, 

respectively. The 0.2% offset Yield Stress (YS), Uniform plastic Elongation (UE), Total Elongation (TE) 

and strength data from specific plastic strain intervals are calculated from the load-displacement curve. 

The fracture elongation and reduction of area are measured on the specimen halves after testing. The total 

elongation data obtained from the load-displacement curves show no systematic deviation from the 

measured fracture elongation (see Figure 3.4), though some scatter exists. The total elongation data 

obtained from the load-displacement curves are used in this report. The specimen data for all the tests are 

given in the Appendix B.1. 

 

Figure 3.1. Engineering stress-strain curves of the base material specimens in transverse direction (TD) at 3 different 

temperatures. 
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Figure 3.2 Engineering stress-strain curves of the base material specimens in rolling direction (RD) at 3 different temperatures. 

 

Figure 3.3. Engineering stress-strain curves of the weld material specimens in rolling direction (RD) at 3 different temperatures. 
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Figure 3.4. Comparison of (a) yield strength, (b) ultimate tensile strength, (c) total elongation and (d) uniform plastic elongation 

properties as a function of temperature for base TD, base RD and weld RD materials. 

As can be noticed in Figure 3.4, the tensile properties of base materials in rolling and transverse directions 

are very similar at all 3 temperatures - RT, 700
o
C and 800

o
C except visible difference in UE at 800

o
C. 

However, there is considerable difference between base and weld material properties. A substantial drop 

in strength properties is observed at 700
o
C and 800

o
C compared to RT values in both base and weld tests. 

The drop in UTS and UE (as well as work hardening regime) is more pronounced between 700 to 800
o
C 

(Figure 3.4 (b)). Relatively small reduction in TE is observed in 700
o
C tests of base materials compared 

to RT tests. Results at 800
o
C showed significantly higher ductility for base material tests. However, only 

a very small uniform plastic elongation regime is observed in all the tests at 800
o
C.  
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3.2 Low cycle fatigue (LCF) tests 

LCF tests are performed on the base material samples with and without hold time (HT) at 800
o
C at four 

different total strain ranges (        i.e. 0.6%, 0.9%, 1.2% and 1.5%. The primary objective is to study the 

influence of the hold time on strain-life behavior of this alloy in order to understand the creep-fatigue 

interaction phenomenon. Consequently, the LCF results including cyclic stress-strain behavior, evolution 

of maximum positive and negatives stresses and the strain-life behavior are compared between tests with 

no-hold time and with 1000 sec hold time in tension. All LCF tests data are given in the Appendix B.2. 

3.2.1 Cyclic stress-strain behavior 

The cyclic stress-strain behavior of 0.6% total strain range specimens tested without hold time and with 

1000 sec hold time in tension are shown in Figure 3.5 (a & b), respectively. No hold times are applied in 

compression. In the figures, only 4 cycles (i.e. cycle number 2, the cycle in which the saturation stress is 

reached, and the cycles in which the peak tensile stresses (    ) are dropped by 25% (N25) and 50% 

(N50)) are shown for clear visualization of the curves. A considerable strain softening can be seen in all 

the tests. In case of hold time tests, a clear drop in the      to        is observed during the hold period 

at the maximum tensile strain (    
 )  indicating a clear stress-relaxation behavior of this material at 

800
o
C. The influence of the tensile hold time on the fatigue life is shown later in section 4.2. 

 

     

     
(a) 
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Figure 3.5. Cyclic stress-strain behavior of 0.6% total strain range specimens at 800oC (a) without hold time and (b) with 1000 

sec hold time in tension. 

3.2.2 Evolution of the maximum cyclic tensile and compressive stresses and influence 

of the hold time 

Figure 3.6 (a, b, c & d) compares the evolution of the maximum cyclic tensile and compressive stresses 

(             as a function of the number of cycles for each strain range. In all the tests, a slight 

hardening is observed during the first few cycles before the stress reaches a saturation point, called 

‘saturation regime’. Then a plateau in the stress is observed. Finally, a regime of cyclic softening is 

detected as the test progresses after the plateau regime. Various regimes of the curve are shown in Figure 

3.6 (a). The maximum tensile and compressive stresses are  symmetric until the start of cyclic softening 

behavior at all strain ranges for both no-HT and HT tests. The rate of softening in tensile peak stress is 

more than the compressive peak stress after the onset of cyclic softening. It is observed that the saturation 

stress increases with increasing the total strain range in all the tests.  

In addition to the above common observations in no-HT and HT tests, a clear influence of the hold time is 

seen on the evolution of maximum cyclic tensile and compressive stresses and total fatigue life. First of 

all, the onset of softening starts much earlier than the no-HT test in both tensile and compressive regimes. 

Relatively shorter plateau regime is seen in all 1000 sec HT tests. Moreover, softening rate of maximum 

tensile stress in the cyclic softening regime is slow in all 1000 sec HT tests.  Contrastingly,  in general  

     

      

Stress relaxation 

during tensile hold 
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more rapid softening after a comparatively long plateau is detected  in case of no-HT tests.  The 

difference could be explained due to the extra damage contribution introduced by the stress relaxation in 

HT tests.  
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Figure 3.6. Comparison  of evolution of maximum tensile and compressive cyclic stresses (           ) between  no-hold time 

tests and tests with 1000 sec hold time in tension at (a) 0.6%, (b) 0.9%, (c) 1.2% and (d) 1.5%      . 
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3.3 Microstructure of Alloy 800H base ans weld materials 

3.3.1 Microstructure of Alloy 800H base material 

Samples are cut from the Alloy 800H base material (shown in Figure 2.1(a)) and mounted in a specimen 

holder using epoxy resin. Consequently, the samples are first ground on a series of abrasive papers 

starting from grit sizes of 320, 400, 600 to P2400 and then polished using  6 micron and 1 micron 

diamond paste. Finally, samples are etched for 5 sec in Marble's Reagent (10 gr CuSo4 +50 ml HCL+ 50 

ml H2O). Two drops of H2SO4 is added to increase the activity of the etchant. Immediately after etching 

the sample are rinsed with water and then cleaned with ethanol. Using this method allowed for very good 

resolution of the microstructure of this alloy. The optical micrographs of the base Alloy 800H material are 

shown in Figure 3.7.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7. Microstructure of the Alloy 800H base material taken by optical microscope. Figures (a and b) show the overall grain 

structure and (c) shows a uniform distribution of the γ’ precipitates. Few big cuboid shaped Ti(C,N) precipitates can also be seen 

in the figure (c). Samples are etched for 5 sec in Marble's Reagent (10 gr CuSo4 +50 ml HCL+ 50 ml H2O) mixed with two 

additional drops of H2SO4 for increased activity of the etchant. 
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The microstructure reveals a large equiaxed grains (γ phase) with uniform distribution of ordered γ’ 

precipitates (Ni3Al) throughout the microstructure. Few big cuboid shaped Ti(C,N) precipitates can also 

be seen in the Figure 3.7 (c). The mean grain size of the base material, in the investigated sample 

measured by linear intercept method is ASTM grain size 1.9 (167 μm). 

A TEM study was performed on the base material using extractive replica method. This replica method is 

commonly used to extract the precipitates for further microscopic analysis. After grinding and polishing 

of the sample (as mentioned previously) a selective etching is performed using 5% bromine solution. A 

thin carbon layer is then sputtered on to the etched surface of sample in vacuum. The carbon layer 

(together with the precipitates) is removed out of the surface by dipping in 10% bromine solution for few 

minutes. This thin replica is then carefully cleaned in alcohol and eventually placed on a copper grid for 

TEM analysis of the precipitates.  

Preliminary micro-analysis of the precipitates performed using EDS detector in the TEM indicated 

presence of the Ti, Cr, Fe, Cu, Ni, Al and Si peaks (Figure 3.8). No quantitative composition analysis is 

performed here. Presence of the Cu peaks might be coming from copper grid whereas C peak can be 

coming from either replica or metal carbide precipitates of type MC, M23C6, M6C. For example, presence 

of clear Ti and C peaks seen in Figure 3.8 (a,b) indicate the possible presence of TiC precipitate. Ni, Ti 

and Al peaks indicate the presence of Ni3Al or Ni3(Al,Ti) precipitates (though Ni peaks are overlapping 

with the Cu peak leading to a single broad peak). A future TEM analysis is needed to fully characterize 

the precipitates present in this alloy.   

 

(a)

2 
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Figure 3.8. (a) TEM image of the replica taken from the Alloy 800H showing various precipitates. (b-f) EDS spectra of the 

precipitates shown in (a). 

An EDS analysis is also performed on SEM to analyse the precipitates (see Appendix C.1).  It is observed 

that the base material inclusions consist mainly of Si-oxides and Ti(CN) inclusions. The typical Si-oxide 

inclusions are smaller than 1 µm, which explains why also considerable amounts of the base material 

composition is measured. Most inclusions are Ti(CN), which are typically more angular-shaped and a few 

microns in size. This is normal for this type of material, as Ti is included as an alloying element. Apart 

from Ti(CN) inclusions also a few TiNb(CN) inclusions were observed. These inclusions are more 

spherical in shape. Again no evidence of γ’ has been observed, however, using EDS only inclusions of 

1 µm and larger can be identified unambiguously.  

3.3.2 Microstructure of Alloy 800H weld material 

Preliminary microscopic studies are performed on the weld Alloy 800H material using OM and SEM 

techniques. The samples are prepared perpendicular to the welding direction as shown in Figure 3.9. 

Preparation of the sample is done by standard metallographic methods and colloidal silica final polish. 

Etching is performed at room temperature for 3 minutes in a V2A etch for a general etch of the 

microstructure (100ml Demi-Water, 100cl conc. HCl, 10ml conc HNO3, 0.3ml Vogels-Sparbeize). The 

optical micrograph of the weld cross section revealing the top 5 weld passes are shown in Figure 3.10 (a). 

The grain structure was clearly resolved in the base material part similar to the previous observations in 

Section 3.3.1. However, the grains were not resolved in the weldment. Base-weld fusion line (FL) 

showing dendritic structure along the fusion line is visible in Figure 3.10 (b). The dark spots in the BM 

are results of etching around TiC or Ti(CN) inclusions.  

(f)

2 
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Figure 3.9. A schematic of weld execution according reported weld procedure 3266. Cut sample is indicated by dotted red line.  

 

Figure 3.10. (a) Optical micrograph of the weld cross section showing the top 5 weld passes (weld beads 10-23 in Figure 3.9) out 

of the 11 reported in the welding procedure. (b) Zoom in on the base-weld fusion line (FL) showing dendritic structure along the 

fusion line. The dark spots in the BM are results of etching around TiC or Ti(CN) inclusions.  

EDS analysis is performed in SEM on both base and weld materials. The results of the overall EDS 

analyses of the weld and base material are reported in Table 3.1. The certificate values are added as well 

for convenience. 
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Table 3.1. Results of EDS analyses of base and weld materials in comparison with material certificate values (given in italic).  

 

Several inclusions are analysed in the weld metal as well. All data are included in Appendix C.2. A 

summary of the results is given below.  

A high concentration of small spherical inclusions is observed in the weld metal. The size is in the order 

of 1µm and smaller. Most of these inclusions are NbTi-inclusions. A high concentration of Mg is 

measured in some of the inclusions. No other oxide inclusions are observed in the weld metal, which can 

be expected considering the applied welding process . GTAW is known to result in clean weldments.  

The observed Nb-Ti inclusions can be expected because of the presence of Nb in the weld filler metal and 

Ti in both the filler and the base material. Normally, it is expected that Ti forms oxides during the 

welding process. However, in this case this appears to be only a limited process as Ti is still observed in 

the inclusions. This indicates a good shielding of the weld pool form oxygen from the environment. No γ’ 

are observed as in the case of base material.  

3.3.3 Hardness Alloy 800H base and weld material 

Figure 3.11 shows the HV1 Hardness profiles measured 1 mm below the cap and 1 mm below the 

halfway the weld. The hardness profile starts halfway the weld and stops in the base material. The 

average hardness in Weld, HAZ and BM are given in the table as well. 
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Figure 3.11. HV1 hardness profiles over weld-HAZ-BM. 

The hardness profiles in Figure 3.11 show that the weld metal hardness is similar for the weld cap and the 

centre of the plate (mid weld), namely 219-229 HV1. In the HAZ however, the hardness in the centre of 

the plate tends to be a little higher than at the weld cap, namely 175 ± 6 HV1 versus 199 ± 13 HV1. On 

the other hand, the base material at the cap side tends to have a little  higher hardness than the plate 

centre, namely 182 ± 5 HV1 versus 164 ± 8 HV1. This might be explained with the rolling process of the 

plate - possibly residual stresses can be present in the plate.  

 

Weld HAZ BM 

loc cap mid weld 

Average Stdev Average Stdev 

Weld 219 10 229 9 

HAZ 175 6 199 13 

BM 182 5 164 8 
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4 Discussion 

4.1 Tensile properties 

Alloy 800H microstructure contains hard cuboid γ’ prime precipitates (ordered LI2 structure) distributed 

in relatively soft γ-matrix (disordered FCC structure). The higher strength in γ’ is a result of super 

dislocations in LI2 structure whose burgers vector (2b) is double the burgers vector (b) of normal 

dislocation in a FCC structure. These super dislocations are 4 times more energy expensive because the 

energy required to move a dislocation is proportional to the Gb
2 

value. There are two contributing 

phenomena to the strength properties i.e. solution hardening in the γ-phase and precipitation hardening 

resulting from the hindrance of dislocation motion by γ’ precipitates. The relative contributions of these 

two (solid solution and precipitation) hardening mechanisms in this alloy determines strength and 

ductility properties. For example, the contribution from solution hardening in γ phase diminishes with 

increase in temperatures because of the thermally activated flow softening behavior resulting from the 

increased dislocation velocity at higher temperatures. This explains the decrease in YS and UTS with 

increase in temperature  (shown in Figure 3.4 (a & b)).  

On the other hand, it is know from the literature reports (2) that this drop in YS for Alloy 800H becomes 

negligible between 500-800
o
C due to the increase in strength of the γ’ phase with temperature increase.. 

This behavior is known as a flow stress anomaly. This is because the super dislocation in an ordered LI2 

structure (γ’ phase ) dissociates into two super partials (normal dislocations) and an anti-phase boundary. 

Each of the super partial again dissociates into two partial dislocations and a stacking fault. This 

dissociated dislocation is  initially glissile when it is in planar configuration. However, due to energetic 

reasons, this becomes sessile dislocation with non-planar configuration (called Kear-Wilsdorf lock) when 

there is sufficient thermal activation energy (i.e. at high temperatures). The drop in UTS from 700 to 

800
o
C is steeper compared to drop from RT to 700

 o
C. This is because of the superior effect of flow 

softening with increases in temperature beyond 700
o
C compared to relatively small contribution of 

hardening coming from γ’ precipitates. A very small UE with negligible hardening regime at 800
o
C is 

also because of this reason. The long elongation regime after an early onset of necking at 800
o
C could be 

a manifestation of inhomogeneous dynamic strain ageing causing the neck to extend along the gauge 

length. In any case the presence of uniformly distributed strong γ’ precipitates at high temperatures 

provides the superior high temperature strength of this alloy. Comparatively, lower ductility and higher 
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strength properties of the weld materials might be because of the sensitization of the microstructure 

during welding. Further microscopic investigation is needed for confirmation of this reasoning.  

4.2 Creep-fatigue properties 

4.2.1 Effect of the hold time on the fatigie life 

From the LCF results presented in section 3.2, it is clear that introduction of a HT causes a considerable 

reduction in the number of cycles to failure at any given      . This effect is clearly illustrated in the 

strain-life diagram shown in Figure 4.1. In both the no-HT and HT  tests, fatigue life decreases 

considerably with increasing       except for           , where a slight increase in fatigue life is seen 

compared to           . The difference in number of cycles to failure between no-HT and HT tests 

increases with decreasing      . From these results it is clear that creep (or stress-relaxation) plays an 

important role in HT tests at 800
o
C and its relative contribution to total damage increases with decreasing 

      

 

Figure 4.1. Comparison of the strain-life curves of the  no-HT and HT tests at  800oC. 
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5 Conclusions 

Results of the reference mechanical and microscopic characterization of Alloy 800H base and weld 

materials are presented in this report. Tensile tests on Alloy 800H base and weld materials were 

performed at RT, 700
o
C and 800

o
C. In both base and weld materials, a considerable decrease of the 

strength properties (YS and UTS) is observed with increasing the temperature. Particularly, the reduction 

in UTS from 700
o
C to 800

o
C is pronounced.  An another  observation is that the ductility (% total 

elongation) increases considerably from 700
o
C to 800

o
C while the uniform plastic elongation is 

considerably reduced. These observations are attributed to the changes in the relative contributions of the 

two (solid solution and precipitation) hardening mechanisms in this alloy.   

The LCF tests are performed on base material with no-HT and 1000 sec HT in tension at 800
o
C at 4 

different total strain ranges. No LCF tests on weld material are performed. Introduction of HT reduces the 

fatigue life substantially at all strain ranges (with maximum reduction at the lowest strain range) 

indicating the contribution of stress relaxation (or creep) mechanisms to the total damage at this 

temperature.  

Preliminary microscopic studies were performed on both base and weld materials. The microstructure of 

the base material revealed an equiaxed grain structure of γ matrix with uniformly distributed γ’ 

precipitates. The results from the EDS analysis of the precipitates in both base and weld materials 

revealed the presence of various precipitates contributing to the strengthening mechanisms in this alloy.  
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6 Recommendations for the future work 

 It should be noted that only one test is performed at each test condition. More tests are required 

for the statistical representation of the data.  

 Post-test microscopic investigation of the broken LCF specimens is needed for better 

understanding the failure mechanisms.  
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Appendix A  

A.1 Material data sheet: Alloy 800H base material 
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A.2 Material data sheet: Alloy 800H weld material 
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Appendix B  

B.1 Single specimen data of all the tensile tests 
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P345 un-irradiated Base TD RT 202 228 248 271 318 377 468 547 52.7 41.1 68 5.00E-04

P346 un-irradiated Base TD 700 123 139 149 167 207 257 320 333 46.5 27.9 56.1 5.00E-04

P344 un-irradiated Base TD 800 116 132 147 170 180 174 161 180 84.8 3.6 78.4 5.00E-04

P405 un-irradiated Base RD RT 223 238 254 275 319 380 474 550 49.6 39.4 58.3 5.00E-04

P406 un-irradiated Base RD 700 139 157 174 196 239 284 304 306 44.8 18.3 62.3 5.00E-04

P407 un-irradiated Base RD 800 118 130 145 166 177 171 159 178 73.5 4.1 73.1 5.00E-04

P397 un-irradiated Weld RD RT 439 468 489 510 545 584 586 614 25.8 16.7 64 5.00E-04

P398 un-irradiated Weld RD 700 303 321 339 359 384 365 _ 387 17.1 6.7 42.2 5.00E-04

P399 un-irradiated Weld RD 800 247 249 249 244 235 215 3 251 20.3 0.4 63.5 5.00E-04
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B.2 Single specimen data of all LCF tests 

 

Specimen Number

Material

Irradiation Dose (dpa)

Test Temp (°C)

Strain range (%)

Holdtime Tens (sec)

Holdtime Comp (sec)

Nr Cycles to 50% reduction (N50=Nf)

Max Stress Cycle 1 (MPa)

Max Stress Cycle 5 (MPa)

Max Stress Cycle 10 (MPa)

Max Stress Cycle 100 (MPa)

Min Stress Cycle 1 (MPa)

Min Stress Cycle 5 (MPa)

Min Stress Cycle 10 (MPa)

Min Stress Cycle 100 (MPa)

(Stress Ampl)/2 Cycle 1 (MPa)

(Stress Ampl)/2 Cycle 5 (MPa)

(Stress Ampl)/2 Cycle 10 (MPa)
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Appendix C  

C.1 EDS results precipitate analyses of Base Material 
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C.2 EDS results of weld material 
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