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RELATIONSHIP BETWEEN APPARENT HARDNESS AND 
TENSILE STRENGTH IN PM IRON AND STEELS SINTERED 
AT STANDARD TEMPERATURES 

Herbert Danninger, Christian Gierl, Andrej Šalak  

ABSTRACT 
For wrought steels with bcc structure, the relationship between Vickers 
hardness and tensile strength is relatively fixed, the ratio being around 
3.2, i.e. Rm = 3.2 HV. In this work, the relationship tensile strength – 
apparent hardness is described for different grades of sintered ferrous 
materials, and it is shown that there is such a factor in the range of 
approx. 3.0 to 3.8 also for sintered iron and sintered steels over a wide 
range of porosity levels. Porosity, carbon content and sintering 
parameters do not have significant effect on the Rm/HV ratio, at least if 
the sintering process has been carried out using parameters common in 
industrial powder metallurgy. Rm/HV values <3 were obtained primarily 
in case of low-ductility materials, i.e. when tensile testing is not 
appropriate anyhow.  
Keywords: sintered steels, hardness, tensile strength, sintering 

INTRODUCTION 
For estimating the tensile strength of wrought steels, measuring the hardness 

(Vickers or Brinell) and calculating Rm from the hardness data has been a traditional 
method, although it is limited to bcc steels, being not applicable for austenitic stainless 
steels or Hadfield steels [1]. Furthermore, in the respective data sheets or standards it is 
stated that this is only an estimate and cannot replace tensile tests (DIN 50150) since the 
loading conditions aree different: The tensile strength characterizes the material resistance 
to total failure under tensile loading while the hardness characterizes the material resistance 
to deformation by the action of a geometrically defined body. Nevertheless, this easy and 
convenient method has found its place in materials characterization, in particular in those 
cases when tensile testing is not applicable. The data for the ratio vary between the different 
sources; in [1] 3.34 to 3.53 is given for Rm/HB. [2] gives Rm = 3.38 HV for steels with 
hardness levels between 80 and 650 HV. The relationship given in (DIN 50150) is approx. 
Rm = 3.2 HV or Rm = 3.35 HB. However, [3] states that the ratio also depends on 
composition and heat treatment and may vary between 2.9 and 3.6.  

For sintered steels, it is not as clear as for wrought steels if this – or a similar – 
relationship exists between tensile strength and apparent hardness (macrohardness; the 
microhardness, which does not include porosity effects, can be regarded as less significant 
here although is it of course an indicator for the strength of the strength of the metallic 
matrix). For sintered plain iron, a relationship based on a large number of data is given in 
[4, 5] with data from [6] that shows a slightly concave graph, i.e. at high hardness levels, 
Rm is relatively lower relative to HV than at lower ones (Fig.1). There are however no data 
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for materials with higher tensile strength such as unalloyed and alloyed steels. 
Nevertheless, also for sintered steel components such a ratio would be very helpful at least 
for obtaining a rough estimate for the tensile strength. In particular with small PM parts, 
preparing tensile test specimens is far from easy while hardness testing is possible with 
virtually any PM part. If some additional uncertainty is accepted, even Rockwell hardness 
data can be transferred into tensile strength. The peculiarity of pressed and sintered steels is 
the porosity, and macrohardness measurements thus give the apparent hardness, including 
the porosity effect [7], which is always lower than the hardness of the material itself, which 
can be expressed by the microhardness. Assuming that there is a linear relationship between 
Vickers hardness and tensile strength would mean that the porosity affects both properties 
in a rather similar way, which would be surprising at least as a general rule since it has been 
shown that the tensile properties of sintered steels very much depend on the sintering 
contacts where the load is concentrated [8, 9, 11] while in the case of indentation testing, 
compressive loads act that are distributed over a wider area of the microstructure. Therefore 
it could be assumed that the ratio Rm-HV might also be useful as a tool for estimating the 
quality of the sintering contacts, in a similar way as the “quality factor” has been used for 
assessing dispersion strengthened materials [12]. 
 

 
Fig.1. Tensile strength vs. hardness for sintered plain iron [5]. 

In this work, a wide range of sintered ferrous materials has been studied with 
regard to the relationship between Vickers hardness and tensile strength, numerous data 
previously published by the authors having been used [11, 13] in order to estimate for 
which materials the relationship known from wrought steel can be safely used in practice.  

EXPERIMENTAL PROCEDURES  
Different grades of starting powders, including plain iron as well as diffusion 

bonded and prealloyed steel powder grades, have been mixed with graphite and 0.5 mass% 
ethylene bisstearamide (Microwax C) as lubricant. Blending was done in a tumbling mixer 
for 60 min. The powder batches were then compacted to tensile test bars (ISO 2740), 
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in part, if high density was to be attained through high pressure compaction, a tool for non-
standard tensile test bars was used that could be loaded up to 1400 MPa (Fig.2). The 
pressure was in part varied widely, between 200 and 1200 MPa, resulting in accordingly 
different green density levels. Sintering was done in a pushtype furnace with Mo heating 
elements, the atmosphere being H2, N2 or N2-10% H2 mixes. In part, a getter box was used 
to avoid decarburization, the getter being a mix of Al2O3 and 5% graphite. For sintering of 
Cr-Mo prealloy steels, ferroaluminium getter was employed. Cooling was done by pushing 
the boat in the water-jacketed exit zone of the furnace; the cooling rate was approx. 40 
K/min.  
 

 
Fig.2. Shape of non-standard tensile test bars for high pressure compaction. 

On the sintered specimens, the density was measured through water displacement, 
impregnation by a commercial waterstop spray being used to prevent intrusion of water into 
the open pores. The dimensional change was measured using the length of the test bars. 
Tensile testing was done on a Zwick 1474 universal testing machine with a crosshead speed 
of 2.5 mm/min (= deformation rate of 10-1/min). Vickers hardness – HV10 for plain Fe, 
HV30/HV62.5 for the alloy steel grades - was determined using an EMCO M4U-025 
hardness tester. The hardness measurements were done on the metallographic cross 
sections, i.e. in the core of the specimens, in order to eliminate any effects of 
carburization/decarburization during sintering.  

APPARENT HARDNESS-TENSILE STRENGTH RATIO OF DIFFERENTLY 
PRODUCED PLAIN IRON  

Sintered iron specimens were produced from water atomized plain iron powder 
ASC 100.29, the compacting pressure and sintering temperature and time being widely 
varied (see [10, 11]). Sintering was uniformly done in H2 of technical purity.  

The hardness and tensile strength data as well as the ratios Rm/HV are given in 
Table 1; the data are in part also graphically shown in Fig.3a, b and 4a, b. As can be seen, 
there is a very strong effect of the density/porosity and also the sintering parameters on 
tensile strength and hardness, between minimum and maximum values a factor of 4-5 being 
observed. The ratio between both, in contrast, is much less affected, being in the range 3.2 
to 3.8 in most cases. This is in good agreement with the data found in the literature (see 
above) and shows that there is not really much difference between the sintered iron tested 
here and the wrought steels for which the ratio 3.3 + 0.x has been defined. 



 Powder Metallurgy Progress, Vol.9 (2009), No 1 4 

 

Tab.1. Mechanical properties of plain iron prepared from atomized powder, differently 
compacted and sintered. 

Sintering 
temp. 
[°C] 

Sintering 
time 
[min] 

Comp. Pressure  
[MPa] 

Tensile 
strength 
[MPa] 

Apparent 
Hardness 

HV10 

Rm/HV 

1120 30 200 70 23 3.043 
  400 140 43 3.256 
  600 190 52 3.654 
  800 208 61 3.410 
  1000 227 59 3.847 
  1200 246 74 3.324 

1120 60 200 66 23 2.870 
  400 162 46 3.522 
  600 206 56 3.679 
  800 217 61 3.557 
  1000 229 63 3.635 
  1200 245 79 3.101 

1120 120 200 77 26 2.962 
  400 160 47 3.404 
  600 216 58 3.724 
  800 235 66 3.561 
  1000 238 70 3.400 
  1200 248 71 3.493 

1120 240 200 79 26 3.038 
  400 176 47 3.745 
  600 223 60 3.717 
  800 243 68 3.574 
  1000 252 71 3.549 
  1200 267 68 3.926 

1120 480 200 75 26 2.885 
  400 178 48 3.708 
  600 218 59 3.695 
  800 238 69 3.449 
  1000 247 69 3.580 
  1200 259 64 4.047 

1250 30 200 76 26 2.923 
  400 161 46 3.500 
  600 212 58 3.655 
  800 237 63 3.762 
  1000 243 67 3.627 
  1200 256 73 3.507 

1250 60 200 81 28 2.893 
  400 176 47 3.745 
  600 219 58 3.776 
  800 243 70 3.471 
  1000 254 68 3.735 
  1200 265 73 3.630 
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Sintering 
temp. 
[°C] 

Sintering 
time 
[min] 

Comp. Pressure  
[MPa] 

Tensile 
strength 
[MPa] 

Apparent 
Hardness 

HV10 

Rm/HV 

1250 120 200 91 29 3.138 
  400 175 50 3.500 
  600 223 61 3.656 
  800 239 60 3.983 
  1000 248 69 3.594 
  1200 261 71 3.676 

1250 240 200 96 30 3.200 
  400 186 47 3.957 
  600 226 60 3.767 
  800 246 67 3.672 
  1000 251 70 3.586 
  1200 254 65 3.908 

1250 480 200 99 27 3.667 
  400 187 46 4.065 
  600 221 57 3.877 
  800 235 62 3.790 
  1000 236 64 3.688 
  1200 256 69 3.710 

 

  
Fig.3a. Tensile strength of plain iron 

compacts, compacted at 200 – 1200 MPa and 
sintered at 1120°C for 30 – 480 min. 

Fig.3b. Apparent hardness of plain iron 
compacts, sintered at 1120°C for 30 – 480 

min. 

  
Fig.4a. Ratio tensile strength/hardness of 

plain iron compacts, differently compacted, 
sintered at 1120°C for for 30 – 480 min. 

Fig.4b. Ratio tensile strength/hardness of 
plain iron compacts, differently compacted, 

sintered at 1250°C for for 30 – 480 min. 

Only with those specimens compacted at 200 MPa – with a typical sintered density 
of about 6.0 g.cm-3 – the ratio is typically lower, between 2.8 and 3.2, except at high 
sintering temperatures and long times, in which cases it may be even >3.5, but here also all 
the other materials, compacted up to 1200 MPa, exhibit higher ratios. This indicates that to 
some extent the ratio Rm/HV is an indicator for the quality of the interparticle bonding, i.e. 
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the strength of the sintering contacts in tension compared to compression. If the fraction of 
the sintering contacts in the cross section – i.e. the load bearing cross section Ac [15] is too 
low, then the loading is very much concentrated on the few necks [8], which effect seems to 
be more pronounced in the case of tensile than of compressive loading. From standard 
density levels – about 6.8 g.cm-3 – to very high ones – 7.6 g.cm-3 and above - , however, the 
effect of tensile loading seems to be rather similar to that of compressive loading exerted 
during indentation, and the ratio between tensile strength and hardness thus does not vary 
too much.  

At high density levels the ratio tends to drop in some cases, which is in agreement 
with Salak’s findings [4]. This is however not surprising since it must be taken into account 
that for highly ductile materials – as is the case at density levels >7.3 g.cm-3 – the tensile 
strength is not a value linked to maximum stress in the cross section; due to necking, the 
true stress is significantly higher. In [11] it has been shown that the relationship between 
the load bearing cross section Ac and the tensile strength is not at all convincing; if however 
the true fracture stress is taken, the agreement is much better.  

If all data obtained are plotted in one single graph in the same way as shown in 
Fig.1 (see Fig.5) the findings described are visible still more clearly. It can be seen that at 
the lowest hardness and Rm levels – i.e. the materials with lowest density - , the data fall 
slightly below the straight line indicating the average relationship, which can be attributed 
to the comparatively weak interparticle bridges. At the highest levels, once more such a 
relationship is found which is however explained by the difference between ultimate tensile 
strength and true fracture stress, as described above. With most of the data range, however, 
the average line, indicating a linear relationship with a factor of about 3.7, is met 
reasonably well, i.e. within the technically interesting range of PM iron specimens the ratio 
between Rm and HV seems to be quite reliable. 
 

  

Fig.5. Tensile strength vs. hardness of 
sintered plain iron compacts. 

Fig.6. True fracture stress vs. hardness of 
sintered plain iron compacts. 

If not the ultimate tensile strength but the true fracture stress is plotted against 
HV1, as suggested e.g. by Šlesár et al. [9] (Fig.6), it is evident that in fact the “bending” of 
the straight line at high hardness levels disappears. There is significantly more scatter than 
with the tensile strength (which is at least in part due to the experimental difficulties of 
measuring the true fracture stress), but in any case this scatter is more or less symmetrical 
to the interpolated straight line indicating a linear correlation. The fact that at low HV the 
data points fall below the linear graph once more indicate that the integrity of the sintering 
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necks is not as sound as it is at higher density levels; this effect is of course at least as valid 
for the true fracture stress as it is with Rm.  

Cr-Mo-PREALLOY STEELS 
In order to compare the results obtained with plain iron with those of high strength 

materials, steel compacts were prepared from prealloyed powder Fe-3% Cr-0.5% Mo 
(Astaloy CrM, Höganäs AB) with different contents of admixed graphite. The powder 
mixtures were cold and warm compacted, respectively, to tensile test bars ISO 2740 and 
these were sintered at 1120°C for 30 min and at 1250°C for 60 min, respectively (see [13, 
14]).  

In Table 2a the as-sintered hardness and tensile strength of the specimens are 
given as well as the Rm/HV ratio; the latter is also graphically shown in Fig.7. As can be 
seen the data for the ratio Rm/HV all fall within an interval between 3.0 and 3.6 which is 
well within the range given for wrought steels e,g, in [3]. The exceptions are materials with 
low admixed carbon content – 0.2% C – and sintered at 1250°C. These materials lose a 
considerable proportion of their carbon content, due to carbothermic reduction of the 
surface oxides, which in the case of Cr-Mo steels is the dominating reduction mechanism 
also in H2 containing atmospheres [16].  

Tab.2. Properties of sintered steel specimens Fe-3% Cr-0.5% Mo-x% C, cold/warm 
compacted at 700 MPa.  

Tab. 2a. sintering 30 min 1120°C/60 min 1250°C in N2-10%H2. 

Sint.Temp. 
[°C] 

Compaction 
 

C nominal 
[mass %] 

Hardness 
HV30 

Rm 
[MPa] 

Rm/HV 
 

1120 Cold 0.2 201 689 3.43 
  0.35 232 799 3.44 
  0.5 251 836 3.33 
 Warm 0.2 217 732 3.37 
  0.35 233 829 3.56 
  0.5 258 939 3.64 

1250 Cold 0.2 211 434 2.06 
  0.35 242 811 3.35 
  0.5 267 917 3.43 
 Warm 0.2 226 628 2.78 
  0.35 260 818 3.15 
  0.5 284 949 3.34 

Tab.2b. Sintering 60 min at 1120°C in dissociated ammonia. 

Alloying 
mass % 

Compaction 
 

C nominal 
mass % 

Hardness 
HV30 

Rm 
MPa 

Rm/HV 
 

3Cr-0.5Mo cold 0.2 244 639 2.62 
  0.35 256 714 2.79 
  0.5 266 801 3.01 
  0.7 281 724 2.58 

1.5Mo  0.7 199 567 2.85 
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Fig.7. Ratio Rm/HV of Fe-3% Cr-0.5% Mo-x% C, sintered in N2-H2. 

In order to estimate the effect of the sintering atmosphere, in particular that of NH3 
traces, on the Cr-Mo steels, in a second test series tensile test bars - uniformly cold 
compacted at 700 MPa - were sintered at 1120°C in dissociated ammonia (used without 
refining, i.e. containing some traces of NH3); for comparison, also Mo steel was included. 
The results are shown in Table 2b. Here, compared to the previous findings a surprisingly 
different ratio Rm/HV was observed: while in N2-H2 in all cases – except at low C/high Ts, 
see above – values >3.0 were recorded, after sintering in dissociated ammonia the values 
were between 2.5 and 3.0. If the data from Tables 2 and 3 are compared – see also Fig.8 -, it 
stands out clearly that this different ratio is not due to different tensile strength, but the 
hardness is markedly higher after sintering in D.A. compared to N2-H2. This can be 
attributed to nitrogen pickup from undissociated NH3 – the nitriding effect of ammonia 
traces being well known - which apparently tends to increase the hardness more than the 
tensile strength. Since the relatively high hardness is measured also in the core of the 
specimens, nitridation seems to be penetrate quite deeply into the porous bodies, i.e. it is 
not only a surface hardening effect.  

 

  
Apparent hardness Tensile strength 

Fig.8. Properties of Fe-3% Cr-0.5% Mo-x% C, sintered in dissociated NH3 and N2-H2, 
respectively. 

ULTRA-HIGH DENSITY Cr-Mo AND Mo ALLOYED STEELS 
For highly loaded PM parts, high density is the major goal to improve the 

mechanical properties. In addition to warm compaction, also high velocity compaction is 
applicable and has been studied for several grades of prealloy steels [17, 18], sintered 
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density levels up to 7.6 g.cm-3 being attained. In Table 3, the tensile strength and hardness 
data are given for these materials; in Fig.9 the ratio Rm/HV is also graphically shown. As 
can be clearly seen, also in this case the ratio falls within a range of about 3.0 to 3.9. There 
is no distinct relationship between the ratio and the density or the sintering parameters; 
however it seems that the Cr-Mo alloy steels has slightly higher strength at the same 
hardness level than the only Mo alloyed grade. This is most probably a consequence of the 
finer and more regular microstructure of the former materials (see Fig.10) which results in 
generally better mechanical properties [18]. 
 

 
Fig.9. Ratio Rm/HV of Fe-1.5% Cr-0.2%Mo-0.6% C and Fe-1.5% Mo-0.6% C, compacted 

to different density levels, sintered in N2-H2. 

Tab.3. Properties of sintered steel specimens Fe-1.5% Cr-0.2% Mo-0.6% C and Fe-1.5% 
Mo-0.6% C, compacted to varying density levels, sintered 30 min 1120°C/60 min 1250°C 
in N2-10% H2. 

Composition 
 
 

Sintering 
temp. 
[°C] 

Target 
density 
[g.cm-3] 

Sintered 
density 
[g.cm-3] 

Hardness 
 

HV30 

Rm 
 

[Mpa] 

Rm/HV 
 
 

Fe-Cr-Mo-C 1120°C 7.1 7.08 228 801 3.51 
  7.4 7.37 270 878 3.25 
  7.6 7.58 302 1033 3.42 
 1250°C 7.1 7.2 225 798 3.55 
  7.4 7.43 257 1002 3.90 
  7.6 7.61 298 1059 3.55 
Fe-Mo-C 1120°C 7.4 7.33 217 684 3.15 
  7.6 7.5 223 775 3.48 
 1250°C 7.1 7.06 178 525 2.95 
  7.4 7.38 219 706 3.22 
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Fe-1.5% Cr-0.2% Mo-0.6% C Fe-1.5% Mo-0.6% C 

Fig.10. As-sintered microstructure of alloy steel grades, sintered 30 min at 1120°C. Nital etched. 

MANGANESE ALLOYED STEELS 
Similarly to Cr, manganese has become increasingly attractive as alloy element in 

sintered steels as a replacement for the expensive alloy elements Ni and Cu. Mn alloy steels 
have been prepared from mixed powders [19-21], from prealloyed grades [22-25] and also 
using atomized masteralloys [26]. A peculiarity of Mn is its high vapour pressure, much 
higher than that of other alloy elements, Mn homogenization occurring in part through the gas 
phase [21,27]. The high oxygen affinity of Mn has traditionally been regarded as a drawback, 
although Šalak has shown that at least in steel compacts containing admixed Mn, the Mn 
vapour shell generated around the compacts is an effective protection against oxygen [28].  

As a consequence of the Mn evoration, however, some Mn gradient has to be taken 
into account with Mn alloy steels, and such Mn inhomogeneity must be expected to affect 
also the Rm/HV ratio. If the hardness is measured at the surface – which can be expected to 
contain less Mn than the core - , Rm/HV should be higher than usual, while if HV is measured 
e.g. in the cross section, the ratio should be below average because the softer surface region 
will contribute less to the strength than the core.  

Here, sintered steels were investigated prepared from mixtures containing atomized 
iron and elemental – electrolytic – Mn powder <10 µm [20, 21]. Mn and carbon content as 
well as the compacting pressure were varied, and sintering was done uniformly for 90 min at 
1160°C in flowing hydrogen. The hardness was measured in the core, on a metallographic 
cross section, to avoid unpredictable effects of surface demanganizing. The results for Rm/HV 
are given in Tables 4a and 4b and in Figs.9a and 9b. 

Evidently the Rm/HV ratio falls within the same range as with the previously 
mentioned materials, with the exception of steels with higher Mn and C contents, There is 
clearly a correlation between both elements, since for 3% Mn the Rm/HV ratio drops below a 
value of 3 only in the case of 0.7% C while for 4% Mn even 0.3% C results in a ratio of 2.5. 
The reason here is the sinter hardening effect occurring with Mn alloy steels: specimens that 
have been hardened during cooling have a too low ductility to enable proper tensile testing, 
even slight misalignment or distortion of the specimens result in unpredictable bending loads 
during tensile testing and in accordingly uncontrolled fracture at loads that are well below the 
real tensile strength. The relationship becomes clearly visible if the ratio is plotted against the 
elongation to fracture (see Fig.12). In case of the Mn alloyed steels, therefore, the low values 
for the Rm/HV ratio are caused by experimental difficulties with tensile testing and are not 
related to the material itself. 
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Tab.4. Properties of Mn alloy steels, prepared by admixing electrolytic Mn. Sintered 90 min 
at 1160°C in H2/getter. 

Tab.4a. varying compacting pressure. 

Composition 
Mass% 

Comp. 
Pressure 
[MPa] 

Sintered 
density 
[g.cm-3] 

Apparent 
Hardness 
HV62.5 

Rm 
[MPa] 

Rm/HV 
 
 

Fe-2%Mn-0.3%C 300 6.546 84 303 3.61 
 600 7.169 129 500 3.88 
 900 7.345 144 546 3.79 
 1200 7.388 183 571 3.12 

Fe-3%Mn-0.3%C 300 6.54 119 424 3.56 
 600 7.08 196 599 3.06 
 900 7.265 194 719 3.71 
 1200 7.33 205 704 3.43 

Fe-4%Mn-0.3%C 300 6.527 178 386 2.17 
 600 7.059 236 590 2.50 
 900 7.218 272 582 2.14 
 1200 7,278 201 447 2,22 

Tab.4b. varying carbon contents, compacted at 600 MPa. 

Composition 
mass% 

C content 
[Mass %] 

Sintered 
density 
[g.cm-3] 

Apparent 
Hardness 
HV62.5 

Rm 
[MPa] 

Rm/HV 
 

Fe-2%Mn-x%C 0 7.235 101 389 3.85 
 0.1 7.204 104 306 2.94 
 0.3 7.169 129 500 3.88 
 0.5 7.142 154 554 3.60 
 0.7 7.057 181 629 3.48 

Fe-3%Mn-x%C 0 7.14 114 404 3.54 
 0.1 7.104 134 512 3.82 
 0.3 7.08 196 599 3.06 
 0.5 7.033 207 613 2.96 
 0.7 7.011 213 440 2.07 

Fe-4%Mn-x%C 0 7.098 159 498 3.13 
 0.1 7.082 166 642 3.87 
 0.3 7.059 236 590 2.50 
 0.5 7.005 257 403 1.57 
 0.7 6.977 308 315 1.02 
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Fe-x% Mn-0.3% C, differently compacted Fe-x% Mn-y% C, compacted at 600 MPa 

Fig.11. Rm/HV of Mn alloyed steels prepared from electrolytic Mn powder, sintered 90 min 
at 1160°C. 

 
Fig.12. Ratio Rm/HV as a function of the elongation to fracture for Mn alloyed steels. 

CONCLUSIONS 
The results have shown that both for sintered iron and several grades of prealloy 

steels, i.e. materials with widely varying hardness and strength, the ratio between tensile 
strength (in MPa) and apparent (Vickers) hardness is well within the range given in the 
literature for wrought steels, in most cases ranging from 3.0 to 3.6. This holds at least for 
materials sintered in the temperature range 1100-1300°C. Lower values for Rm/HV are 
found e.g. for low-density sintered iron and for low-carbon Fe-Cr-Mo-C; for high density 
sintered iron it must be considered that the true fracture stress is a more relevant criterion 
for the maximum endurable stress than is the technical tensile strength, due to severe 
necking effects. For Cr-Mo prealloy steels, also sintering in dissociated ammonia 
containing some NH3 traces results in lower Rm/HV ratio than sintering in N2-H2 which is 
however exclusively due to higher hardness levels, indicating that nitrogen is rather 
hardening than strengthening in the alloy steel. Also for Mn alloyed steels, the Rm/HV ratio 
was found within the range of 3.0 to 3.8 except with heavily sinter hardened materials; in 
this case the lower ratio was however caused by the well known difficulties with tensile 
testing of brittle materials.  

In any case it can be stated that there are no distinct “groups” of materials that 
might indicate different behaviour such as e.g. shown by Dudrová et al. for KIc vs. yield 
strength [29]. In the case of Rm vs. HV, the scatter of the ratio data cannot be attributed to 
composition, density or sintering parameters, at least if sintering has been done above 
1100°C for 30 min minimum. Thus it can be concluded that for properly sintered materials 
for which tensile testing can be reliably carried out (i.e. for materials that are not too 
brittle), the tensile strength can be at least roughly estimated from apparent hardness data.  
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