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Objective
Estimation of fracture toughness of a ring-shaped 
streuctural part made of bronce in radial and 
tangential direction, the radial dimension beeing too 
small for standard specimens

Procedure:
1. Mesurement of fracture energy of miniature (KLST-) specimens in 

radial and tangential direction
2. Scaling of fracture energy from miniature to standard size
3. Estimation of fracture toughness from standard Charpy fracture

energy ba analytical correlation formula.

Validation:
Comparison with Charpy-Data in tangentaila direction and JIc-

measurements on similar material
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Mechanical Properties of Bronce 
GZ-CuSn12Ni

 

Bronze-Typ 
Rm 

[N/mm2] 
Rp0.2 

[N/mm2] 
E 

[N/mm2] 
Z 
[-] 

Ag 
[-] 

KV 

WDK 298.5 178 120000 0.155 0.11 
 

5.9 

Serie 290 289 217 119000 0.033 0.04 
 

6.1 

Serie 200 477 208 133000 0.43 0.5 
 

32 
 

Macrographs:

WDK 200
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Stress-Strain Diagram of bronce WDK
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Stress-Strain Diagram of bronce type
2912 ans 200
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Force-displacement diagrams of 
0.8‘‘-CT-Proben

Bronce 292 Bronce 200
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J-R-curve of 0.8‘‘-CT-Probe 
Bronce 200
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Scaling Law for Fracture Energy of 
Edge-Cracked bend Specimens
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Theoretical Background: Evaluation of J-R-
curve from instrumented impact bending test
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Analytical 3-parameter approach to 
evaluate J-R-curve
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Experimental Results of Bronze

For comparison: KV measured on T-specimens: KV=5.9 J

specimen KLST [J/cm2] Wt [J] Wt’(=KV’ ) [J] 

1T 3 0.27 5.89 

2T 3.17 0.2853 6.23 

3T 3.58 0.3222 7.033 

4T 2.25 0.2025 4.423 

5T 2.67 0.2403 5.25 

Mean T-spec. 2.934 0.26406 5.765 

Standard dev. T 0.50371619 0.04533446 0.99 

1R 3.58 0.3222 7.03957 

2R 3.5 0.315 6.88 

3R 3.42 0.3078 6.72 

4R 4.08 0.3672 8.02 

5R 4 0.36 7.86 

Mean  R-specimens 3.716 0.33444 7.30 

Standard dev. R-sp. 0.30245661 0.02722109 0.59 
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Scaling Laws of KV from the literature

Wt = NF * Wt‘

( see Lucon, ASTM 1380, 2000)
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Scaling factors for Estimation of KV 
from miniature Charpy 3x4x22 mm

Experimentally for Bronce: NF=22.34

Accorfding to present scaling Law: NF=21.83       (Upper Shelf: 23.6)
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Estimation of JIc from KV
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General analytical correlation law :
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Comparison of correlation for several 
steels
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Results: fracture toughness of the 
considered bronce WDK estimated from 

KLST-specimens
. 

specimen KV’ [J] J0. 2t [N/mm] KJc [N/mm1.5] 

1T 5.89 8.98 1088.19 

2T 6.23 9.32 1108.45 

3T 7.03 10.13 1155.86 

4T 4.42 7.49 993.87 

5T 5.25 8.32 1047.73 

Mean value T-spec. 5.76 8.85 1078.82 

Standard dev. T-sp. 0.99 1.00 61.41 

1R 7.03 10.13 1155.86 

2R 6.88 9.97 1146.76 

3R 6.72 9.81 1137.59 

4R 8.02 11.12 1211.17 

5R 7.86 10.97 1202.49 

Mean value R-spec. 7.30 10.40 1170.77 

Standard dev. R-sp. 0.59 0.60 33.68 
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Comparison of fracture toughness as 
predicted from Charpy Energy to directly 

measured values
 

Bronce type 
Charpy-energy 

KV 
Jc or J0.2Bl 
measured 

J0.2t estimated 
analytically 

KJc measured 
 

KJc estimated 
analytically 

 [J] [N/mm] [N/mm] [N/mm1.5] [N/mm1.5]  

Serie 292 6.1 9.0 8.14 10841) 1031 

Serie 200 32 101 92.25 3842 1) 3487 
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Summary and Conclusion

• Miniature Charpy specimens can serve well to characterise fracture 
toughness of small structural parts.

• Fracture energy of miniature specimens can be transformen to standard 
size values at  a reasonable accuracy by means of the presented 
analytical scaling law. The correlation to full-size standard fracture 
toughness is better than expected even in non ferrous materials

• Good agreement between scaled fracture energy and directly measured 
KV on standard specimens even for non-ferrous materials 

• From standard Charpy fracture energy fracture toughness can be
estimated with resonable accuracy by a semi-empirical relation

• The used analytical analytical scaling law as well as the relation 
between Charpy CVN and fracture toughness , which was developed
for steel, seems to work rather generally for elastic-plastic materials.


