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1 Introduction 
 
This document contains the results of a review of available data on Alloy 800H.  The results have been made 
available to the project by AREVA-NP and ALSTOM.   
 
Although a significant amount of material test and property data are available for thicker section Alloy 800H 
(typically plate or bar material exceeding 15mm section), the amount of testing on Alloy 800H or other 
variants of Alloy 800 in sections of 5mm or less is low.  Within this report results are presented on Alloy 800H 
design properties and thin and thick section properties that has been found, 
 

2 Summary of Contents 
 
Contribution from AREVA-NP 
 
Results are presented for Alloy 800H design data.  The properties included are those for: 

 Youngs’ Modulus 
 Thermal Expansion Coefficient 
 Yield Strength 
 Stress to Rupture and minimum creep rate 
 Fatigue curves 

 
Results are presented in the form of temperature varying properties as tables and charts.  Where applicable 
comparisons have been made between EN NF, Draft KTA and ASME Code values and recommendations 
made regarding which data source should be used..   
 
The corrosion of Alloy 800H under HTR helium environment means that its application is limited to 
temperatures below 850oC  
 
Welding coefficients provided within the KTA Draft Standard are not considered representative of laser 
welding which is to be used for the IHX Mock-up fabrication. 
 
Contribution from ALSTOM 
 
The focus of this review has been to search for available thin section properties and behaviour. 
 
Sheet material in the range of 3-5 mm section can be produced by two related production methods: hot-
rolling and cold-rolling.  The significance of these processes on material properties and behaviour has been 
summarised.  
 
With regard to component manufacture cold bending, stamping and/or other cold forming operations may 
affect properties, also welding or brazing.  Excessive machining rates can also lead to work hardening at 
surfaces and the buildup of residual stresses and possibly some local re-crystallization. 
 
Exposure to impure helium can lead to carburisation or decarburisation affecting properties and strength. 
 
A preliminary review of the key material properties was made including tensile and creep rupture strength.  
Properties associated with fatigue are still to be investigated and summarised.   
 

3 Conclusions 
 
The main conclusions arising from both investigations are as follows: 
 
Design properties are available for Alloy 800H from existing Codes and Standards sources and where 
appropriate these are to be used unless there are other specific information on thin section properties.  
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The temperature limit for the material for IHX application is considered to be 850oC. 
 
Weld factors for laser welding are not yet available but may come from further work or specific tests on 
welded thin sections to be carried out later in the project.  
 
A preliminary review suggests design properties for the thinnest sections may not be affected by the 
manufacturing process.  This is dependent on the machining process.   
 
Cold working operations should be kept low and at least below 20% to minimise re-crystallization effects.  
This limit will be further reviewed when more information becomes available. 
 
Issues such as weldment relaxation, metal dusting are unlikely to have a significant influence on properties 
and behaviour.  Laser welding will be used for the manufacture and carbon activity levels will be low. 
 
Effects of helium environment on properties will require further investigation and little tensile or creep data for 
thin sections have so far been found that is relevant to the IHX conditions. 
 
The effect of grain size and section thickness on creep properties may be important and in extreme cases 
strength properties may be reduced by up to 15%. 
 

4 Recommendations 
 
In the context of the IHX mock-up being prepared within WP4.3, no evidence has so far been found that the 
design properties of Alloy 800H are significantly reduced for thin sections and in impure helium.  However, 
there is sufficient information from other studies to suggest that further work may be necessary to validate 
the properties of thin-section Alloy 800H prior to the design of the IHX for the demonstration and subsequent 
plant.  
 
It is therefore recommended that the available material design data provided by AREVA is used for the 
analysis and assessment of the mock-up and IHX.   
 
This situation will be kept under review within the project and may be changed should results from later 
reviews show otherwise or the specific planned tests on thin section sheet and weldments show the strength 
properties to be significantly affected. 
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SUMMARY 

 

 

In the frame of ARCHER European project, this document aims at supplying the Alloy 800H 
data needed to perform design analyses for the Heat Exchanger up to 800°C: 

– Young modulus 

– Thermal expansion coefficient 

– Yield strength 

– Stress to rupture and minimum creep rate 

– Fatigue curves 

 

Some elements on the behavior under High Temperature Reactor environment will be given. 
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1. INTRODUCTION 

1.1. 800H grade presentation 
The alloy 800H is an alloy of about 32% nickel and 21% of chromium. Its iron content 
reaches almost 50%, it could be considered as an austenitic stainless steel with 32% of 
nickel. For wrought products, the chemical composition is defined in Europe by the standard 
EN 10302 (Ref.1), its designation X8NiCrAlTi32-21 (1.4959) being that of a steel. This 
composition is given in Table 1 as well as those specified by ASTM standards for the grade 
UNS N08810 (official designation of the alloy 800H) and by the German draft code KTA 
(Reference 13) for the grade 800H. This composition indicates intentional additions of 
titanium and aluminum, as minimum levels required for those two elements. 

The metallurgical condition of the standard EN 10302 is designated by + AT. This is a 
solutionning in the temperature range 1100-1200°C followed by air cooling or accelerated. 
Although water is not specified as a coolant, this treatment is like an annealing. 

The 800H designation (UNS N08810) is ambiguous because, by analogy with the sub grades 
H of austenitic stainless steels, it denotes a carbon content more than 0.05%.  However, it 
also differs from the Alloy 800 designation (UNS N08800) since it has an austenitising 
treatment leading to a larger grain size and improved creep properties. A third designation, 
Alloy 800HT (UNS N08811) is essentially a subset of Alloy 800H with further improvements 
in creep properties. 

 

1.2. Codes and standards covering 800H alloy 

1.2.1. European Standard 

The following mechanical properties are specified at room temperature in the European 
Standard (Ref. 1): 

• Yield strength, Rp 0,2 ≥ 170 MPa 

• Tensile strength, 500 MPa ≤ Rm ≤ 750 MPa, 

• Strain to rupture A ≥ 35 % for flat products; A ≥ 30% for long products. 

 
There is no European Standard for forgings. 
 
Alloy 800H is not considered by any applicable European code for pressure application. But 
the document KTA in Reference 13 provides data at high temperatures and very high 
temperature for three sub-grades of Alloy 800: for two of them, the specified minimum values 
for Rp 0.2, Rm and A% are consistent with those of European standard. For the third, that 
does not have the metallurgical state AT, a minimum value of 210 MPa is required to Rp 0.2. 

 

1.2.2. American Standard ASME/ASTM 
The following ASME/ASTM standards 800H alloy: 

• ASME SB 163 - ASTM B 163 (Ref.2), seamless tubes for heat exchanger, 

• ASME SB 407 - ASTM B 407 (Ref.3), seamless tubes, 

• ASME SB 408 - ASTM B 408 (Ref.4), bars and rods, 
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• ASME SB 409 - ASTM B 409 (Ref.5), sheets and plates; 

• ASME SB 564 - ASTM B 564 (Ref.6), forgings 

Subsection NH of ASME code (Ref.7), dedicated to high temperature refers to those 5 
standards for N08810 grade.  

 

1.3. Applications and in-service application 
The grade UNS N08810 alloy or rather earlier annealed grades referred as alloy 800 or alloy 
800H grade 2 have been supplied and used in various nuclear facilities: 

- Reactors Peach Bottom and Fort St. Vrain high temperature, helium-cooled steam 
generators (Reference 9). 

- Reactor THTR 300 (High temperature Thorium Reactor) Schmehausen. 
In the case of the THTR reactor, it seems that the specification of the exchange tubes of 
the superheater is a finer grain size and a more limited carbon content of 0.03 to 0.06% 
(References 8 and 9) and it would be the grade known as DE by reference 13. 
For use in the THTR reactor temperatures limited to 550°C, a grade called Rk 
(“recrystallised”) , treated at 950-1000°C, was selected (Ref.13): it is not the alloy UNS 
N08810. 

 
The true 800H grade of Reference 13, with coarser grains is characterized in a temperature 
range (up to 1000°C) that matches the conditions of use projects VHTR helium and hot loops 
made in Germany. We ignore a possible use in the THTR. Only KTA 800H grade will be now 
considered in this document. 
 
The Alloy 800 was used in steam generators of: 

- Pressurized water reactors of German design 
- SUPERPHENIX sodium fast reactor 

For these applications, resistance to corrosion is the primary objective of choice. A large 
grain size is not favorable, neither to tensile properties, nor resistance to corrosion. For 
SUPERPHENIX an annealing heat treatment at 980°C, giving a fine grain is specified: it is no 
longer the alloy UNS N08810.  
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2. PHYSICAL PROPERTIES 

2.1. Young Modulus 
Young modulus values are supplied in European Standard (Ref. 1), ASME (Ref. 12) and KTA 
(Ref. 13) (cf Table 3). Figure 1 compares these three data sources. As the values from the 
European standard and the Draft KTA are similar and less optimistic than the values from 
ASME, it is proposed to use current European standard values for ARCHER project. 

2.2. Thermal expansion 
 

Mean thermal expansion values are supplied in European Standard (Ref. 1), ASME (Ref. 12) 
and KTA (Ref. 13) (cf Table 4). Figure 2 compares these three data sources. As the values 
from the European standard and the Draft KTA are similar and less optimistic than the values 
from ASME, it is proposed to use current European standard values for ARCHER project. 
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3. BASIC MECHANICAL CHARACTERISTICS: CONVENTIONAL LIMIT 
OF ELASTICITY AT 0.2% 

 

The table Y-1 of Section II Part D of ASME (ref.12) is appropriate for Sy up to 538°C (1000 ° 
F). Additional data are obtained directly from Table I-14.5 of NH 1050 ° F to 1500 ° F (565 to 
816°C). But there is obvious disagreement between these two data sources (Figure 3), as 
already mentioned by reference 14.  

Data from Table I-14.5 of the sub-section NH of editions before 2004 to the range 1050 ° F to 
1500 ° F (565 to 816°C) give the minimum curve of Figure 4:  

– The disagreement between 538 and 565°C is largely absorbed  

– Some data from providers confirmed the magnitude of the corrected data ASME.  

The minimum yield strength specified in reference 1 are also plotted on figure 4: they are 
significantly lower than those of ASME when the temperature reaches 100°C.  

The results of references 10 and 11 are compared in Figure 5 to those of ASME and of 
European standard and KTA. The corrected minimum values Sy from the tables of ASME 
appear overly optimistic. The minimum European standards and KTA values are more 
representative of experimental data, especially from those of reference 10.  

It is proposed to use KTA values because they are available up to 800°C (European 
standard values are only available up to 550°C). 
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4. CREEP DATA 

4.1. Creep rupture stress Sr 
The sub-section NH of the ASME III (ref. 7) provides minimum values of the creep rupture 
stress versus time at different temperatures from 450 to 750°C. 

Reference 13 provides the minimum values of the creep stress for three types of alloy 
products 800 or 800H: Creep stress values of grade 800H are supplied in the temperature 
range 700-1000°C. This does not reflect usage in THTR but those projects VHTR helium and 
hot helium loops made in Germany. 

Estimates of the creep rupture stress (mean values) for periods of 10 000, 100, 000 and 
200 000 hours at 700°C to 1000°C are given in Reference 1. They are very similar to the 
mean values of the Reference 13 for 800H grade. It is specified in Reference 1 that mean 
creep data have been prepared by the European Creep Collaborative Committee (Ref. 15). 

Figure 6 gives the comparison of Sr values between these data source from 700°C to 900°C. 
As minimum values from ASME at 700°C seems too optimistic, it is proposed to use Sr 
values from KTA (Ref. 13) for ARCHER project. 

 

 

4.2. Norton’s law 
Minimum creep rate data are only proposed in reference 13. Results are however in 
accordance with data from NIMS on 800H plate (internal reference), as shown in figure 7.  

Table 7 gives the minimum creep rate as a function of the stress σ and the temperature, and 
the corresponding Norton's factors k and  n, as dε/dt = kσn. 
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5. FATIGUE 

Fatigue curves are supplied from 20°C to 900°C by KTA (Ref. 13), and only up to 760°C by 
Subection NH of reference 7. Both data are in coherence, but as ASME values are limited at 
760°C, it is proposed to use the curves from reference 13, given in Figure 8. It should be 
noticed that the criteria used by ASME and KTA to assess the number of cycles to failure has 
to be compared, as well as the process of fatigue damage calculation. 
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6. EFFECT OF HTR ENVIRONMENT 

Corrosion of 800H under HTR Helium at high temperature is characterized by: 

- The  formation of a thick Cr2O3 layer with Ti content, 

- Internal Al2O3 oxidation, mainly at the grain boundaries. 

According to the literature, this behavior leads to limit 800H use at temperatures below 
850°C. In the reference [13], behavior of Alloy 800H in HTR-Helium is indeed indicated only 
above 800°C. 
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7. WELDING COEFFICIENTS 

Welding coefficients are provided in reference [13]. Nevertheless these coefficients are not 
representative of a laser beam process and can not be used for the ARCHER IHX analysis. 
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8. CONCLUSION 

Sum-up of the proposed design data for ARCHER project 

 

- Young Modulus 

Temperature (°C) 20 100 200 300 400 500 600 700 800 

E (103.MPa) 
NF EN (Ref. 1) 

200 190 185 175 170 160 155 145 140 

 

- Mean thermal expansion 

Temperature (°C) 100 200 300 400 500 600 700 800 

α (10-6/ K) 
NF EN (Ref. 1) 

15,4 16 16,5 16,8 17,2 17,5 17,9 18,3 

 

- Minimum limit of elasticity at 0.2% (MPa) 

 
Temperature 

(°C) 20 100 300 500 700 800   

Sy KTA 
(Ref. 13) 170 140 95 80 75 70   

 

- Minimum stress to rupture (MPa) 

°C Time in hours 100 1 000 3 000 10 000 30 000 100 000 200 000 300 000 

700 116 84 72 59 47 37 28,4

800 65 46 38 31 25 19 14,1

900 

KTA 
Ref.13 

30 20 17 13 10 7 4,9
 

- Norton's law parameters 
Temperature (°C) 600°C 700°C 750°C 800°C 850°C 

K (%/h) 1,11E-24 4,86E-18 1,24E-16 1,88E-14 1,83E-12
n 9,08E+00 8,00E+00 7,42E+00 6,81E+00 6,17E+00

 

- Fatigue design curve 

o See Figure 8 
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FIGURE 1: YOUNG MODULUS 
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FIGURE 2: THERMAL EXPANSION 
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FIGURE 3:  
YIELD STRENGTH: MINIMUM VALUES ACCORDING TO ASME II D ET III NH I 14.5 

EDITED IN 2010 AND NF EN STANDARD 
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FIGURE 4: YIELD STRENGTH: MINIMUM VALUES (800H DATA FROM ASME-NH 
EDITED BEFORE 2004) AND NF EN STANDARD 
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FIGURE 5: YIELD STRENGTH: MINIMUM VALUES (800H DATA FROM ASME-NH 
EDITED BEFORE 2004 AND EN STANDARD (REF. 1) AND KTA (REF. 13) 
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 FIGURE 6: 
STRESS TO RUPTURE (550 et 650°C) 
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FIGURE 7: 
MINIMUM CREEP RATE(REF. 13), COMPARISON WITH NIMS DATA 
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FIGURE 8: 
FATIGUE DESIGN CURVES (REF. 13), COMPARISON WITH DESIGN DATA AT 760°C 

FROM (REF. 7) ( ) 
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TABLE 1:  
 

CHEMICAL COMPOSITION (WT %) 
 

 

 

 
Solution 
annealed 
condition 

C Si Mn P S Ni Cr Al Ti Al + Ti Cu 

X8NiCrAlTi32-
21 EN 10302 

1100-
1200 

Air cooled 
or faster 

0,05 - 
0,10 ≤ 0,70 ≤ 1,50 ≤ 0,015 ≤ 0,010 30,00-

34,00 
19,00-
22,00 

0,20-
0,65 

0,25-
0,65 ≥ 0,45 ≤ 0,50 

UNS N08810 
ASTM SB 163 
ASTM SB 407 
ASTM SB 408 
ASTM SB 409 
ASTM SB 564 

>1121°C 0,05 - 
0,10 ≤ 1,0 ≤ 1,50  ≤ 0,015 30 -35 19 - 23 0,15-

0,60 
0,15-
0,60 ≥ 0,30 ≤ 0,75 

800H (KTA) 

1100- 

1200°C 

Air cooled 

0,05 - 
0,10 ≤ 0,70 ≤ 1,50 ≤ 0,015 ≤ 0,010 30,00-

34,00 
19,00-
22,00 

0,40 
0,75 

0,25-
0,65  ≤ 0,45 
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TABLE 2: 
 

SPECIFIED MECHANICAL PROPERTIES 
 

STR Product Sy  (MPa) Su (MPa) A % 

EN 10302 Long products ≥ 170 500 - 750 ≥ 30* 

SB 163 
seamless tubes 

for heat 
exchanger 

≥ 172 ≥ 448 ≥ 30 

SB 407 seamless tubes ≥ 170  ≥ 30 

SB 408 bars and rods ≥ 170 ≥ 450 ≥ 30 

SB 409 sheets and plates ≥ 170  ≥ 30 

SB 564 forgings ≥ 172 ≥ 448 ≥ 30 

* A % ≥ 35 for flat products 
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TABLE 3: YOUNG MODULUS 
 

Temperature 
(°C) 

20 100 200 300 400 500 600 700 800 

E (103.MPa) 
KTA  
(Ref. 13) 

197,0 191,0  177,0  162,0  148,0 141,0 

E (103.MPa) 
NF EN  
(Ref. 1) 

200 190 185 175 170 160 155 145 140 

Temperature 
(°C) 

21 93 204 316 427 482 593 704 815 

E (103.MPa) 
ASME  
(Ref. 12) 

196,5 192,4 186,8 180,6 175,1 171,7 164,1 155,8 146,2 
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TABLE 4: MEAN THERMAL EXPANSION 
 

 

 
Temperature 
(°C) 100 200 300 400 500 600 700 800 

α (10-6/ K) 
KTA  
(Ref. 13) 

15,4  16.5  17.2  17.9 18.3 

α (10-6/ K) 
NF EN  
(Ref. 1) 

15,4 16 16,5 16,8 17,2 17,5 17,9 18,3 

Temperature 
(°C) 93 204 316 427 482 593 704 760 

α (10-6/ K) 
ASME (Ref. 
12) 

15,1 15,8 16,2 16,6 16,7 17,1 17,5 17,6 
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TABLE 5: 
 

MINIMUM LIMIT OF ELASTICITY AT 0.2% (MPa) 
 
Temperature 

(°C) 20 100 200 250 300 350 400 450 

Sy ASME 
(2001) 172 158 141 134 128 122 118 113 

Sy KTA 
(Ref. 13) 170 140   95    

Sy (Ref 1) 175 140 115 105 95 90 85 82 

         

Temperature 
(°C) 500 550 600 650 700 750 800  

Sy ASME 
(2001) 110 108 107 105 102 98 74  

Sy KTA 
(Ref. 13) 80    75  70  

Sy (Ref 1) 80 75 (74) (73) (71) (68) (51)  

(  ) : estimated values = ASME values x 0,69 or (75/108) 
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TABLE 6: 
 

CREEP RUPTURE STRESS SR – MINIMUM VALUES (MPa) 
COMPARISON BETWEEN STANDARDS AND CODE 

 

  Time in hours 

°C  100 1 000 3 000 10 000 30 000 100 000 200 000 300 000 

ASME 
(Ref. 7) 123 88 75 62 53 45  38 

KTA 
Ref.13 116 84 72 59 47 37 28,4700 

NF EN 
(Ref.1)    73  44,8 38,2  

ASME 
(Ref. 7)         

KTA 
Ref.13 65 46 38 31 25 19 14,1800 

NF EN 
(Ref.1)    35,2  20,4 17  

ASME 
(Ref. 7)         

KTA 
Ref.13 30 20 17 13 10 7 4,9900 

NF EN 
(Ref.1)    16,8  8,76 6,91  
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TABLEAU 7: 
 

800H MINUMUM CREEP RATE (REF. 13) 
 

600°C 700°C 750°C 800°C 850°C 
minimum creep rate 

(%/h) 
Stress (MPa) 

1,00E-04 1,58E+02 6,20E+01 4,07E+01 2,68E+01 1,79E+01

3,00E-04 1,78E+02 7,10E+01 4,67E+01 3,15E+01 2,14E+01

1,00E-03 2,03E+02 8,20E+01 5,50E+01 3,76E+01 2,61E+01

3,00E-03 2,29E+02 9,40E+01 6,40E+01 4,42E+01 3,12E+01

1,00E-02 2,62E+02 1,09E+02 7,50E+01 5,30E+01 3,79E+01

3,00E-02 2,95E+02 1,26E+02 8,70E+01 6,20E+01 4,52E+01

1,00E-01 3,37E+02 1,46E+02 1,02E+02 7,40E+01 5,50E+01

k 1,11E-24 4,86E-18 1,24E-16 1,88E-14 1,83E-12
n 9,08E+00 8,00E+00 7,42E+00 6,81E+00 6,17E+00
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