
 
 
 
 

ADVERTIMENT. La consulta d’aquesta tesi queda condicionada a l’acceptació de les següents 
condicions d'ús: La difusió d’aquesta tesi per mitjà del servei TDX (www.tesisenxarxa.net) ha 
estat autoritzada pels titulars dels drets de propietat intel·lectual únicament per a usos privats 
emmarcats en activitats d’investigació i docència. No s’autoritza la seva reproducció amb finalitats 
de lucre ni la seva difusió i posada a disposició des d’un lloc aliè al servei TDX. No s’autoritza la 
presentació del seu contingut en una finestra o marc aliè a TDX (framing). Aquesta reserva de 
drets afecta tant al resum de presentació de la tesi com als seus continguts. En la utilització o cita 
de parts de la tesi és obligat indicar el nom de la persona autora. 
 
 
ADVERTENCIA. La consulta de esta tesis queda condicionada a la aceptación de las siguientes 
condiciones de uso: La difusión de esta tesis por medio del servicio TDR (www.tesisenred.net) ha 
sido autorizada por los titulares de los derechos de propiedad intelectual únicamente para usos 
privados enmarcados en actividades de investigación y docencia. No se autoriza su reproducción 
con finalidades de lucro ni su difusión y puesta a disposición desde un sitio ajeno al servicio TDR. 
No se autoriza la presentación de su contenido en una ventana o marco ajeno a TDR (framing). 
Esta reserva de derechos afecta tanto al resumen de presentación de la tesis como a sus 
contenidos. En la utilización o cita de partes de la tesis es obligado indicar el nombre de la 
persona autora. 
 
 
WARNING. On having consulted this thesis you’re accepting the following use conditions:  
Spreading this thesis by the TDX (www.tesisenxarxa.net) service has been authorized by the 
titular of the intellectual property rights only for private uses placed in investigation and teaching 
activities. Reproduction with lucrative aims is not authorized neither its spreading and availability 
from a site foreign to the TDX service. Introducing its content in a window or frame foreign to the 
TDX service is not authorized (framing). This rights affect to the presentation summary of the 
thesis as well as to its contents. In the using or citation of parts of the thesis it’s obliged to indicate 
the name of the author 



 
 
 
 
 
 
 

 
 

 



Spalling nomograms – Appendix A 

269 

Appendix 4A 
 

Appendix 4A.1 SPALLING INDEX EVOLUTION FOR EACH COMBINATION 
As it has been explained on previous paragraphs, to predict both the time and position of 

concrete rupture a spalling index developed by [A.1] and called ‘intuitive’ or Is4 has been 
selected, being its capabilities analysed in this paragraph. 

The selected spalling index [A.1] is obtained choosing the following factors favouring 
thermal spalling: high local values of gas overpressure, pg- patm, and mechanical damage 
parameter, d, high values of averaged transversal traction stresses, thσ , and constrained elastic 
energy U .The considered factors impeding thermal spalling are high average values of traction 
strength, tf , and specific fracture energy, fG , for the material layer between a current position 
and the heated surface. Additionally, to obtain a non-dimensional quantity, [A.1] introduced a 
reference pressure (assume as equal to atmospheric pressure, patm) and a characteristic element 
dimension L (e.g. thickness for a wall, radius for a cylindrical specimen). Finally, internal 
geometrical parameters involved are unknown and are jointly described by a scaling factor, Cs, 
which is a non-dimensional parameter. Therefore, the fourth spalling index selected herein, Is4, is 
given by the following relation: 
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Herein, 
- The values of thσ , d, U , pg and the temperatures at each position are obtained 

from Hitecosp software [A.2] and then averaged for the material layer between a 
current position and the heated surface. 

- The values of the specific fracture energy are obtained from experimental tests 
[A.3]. 

- The value of tf  is obtained from the material tensile strength equation for the 
temperature at each temperature and then averaged as described. 

The results obtained applying in this equation the values obtained from the analysed case, 
for each of the ninety one combinations, are shown on figures 4A-1 to 4A-91. 

For a better understanding, one must remember the type of notation used to describe each of 
these ninety one combinations: 

TH**K***RH**PAR*C**, where, 

TH** indicates the value of the thickness of the model (in cm) used in the computation, 

K*** indicates the value of the intrinsic permeability (in m2), 

RH** indicates the value of the initial saturation degree (in %), 

PAR* indicates the parametric heating curve taken into account in the computation, 

C** indicates the material considered in the computation. 

Thus, for example, TH12K018RH50PAR1C60 stands for a case characterised by a 
thickness=12 cm, k=10-18 m2, Sinit=50%, Parametric curve=ISO Curve (Par1) and C60 material. 

The following figures are in the same order as the combination numbering to easy their use 
(a collection table is included in next page to remind the whole set of combinations): 
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  PC1 (RH) [%] PC2 (K) [m2] PC3 (TH) [cm] PC4 (Heating curve) PC5 (Mat) 

# Combination 40 50 60 10-19 10-18 10-17 12 24 50 PAR1 PAR2 PAR3 C60 C90 

1 TH12K017RH40PAR1C60 X         X X     X     X   

2 TH12K018RH40PAR1C60 X       X   X     X     X   

3 TH12K019RH40PAR1C60 X     X     X     X     X   

4 TH12K017RH50PAR1C60   X       X X     X     X   

5 TH12K018RH50PAR1C60   X     X   X     X     X   

6 TH12K019RH50PAR1C60   X   X     X     X     X   

7 TH12K017RH60PAR1C60     X     X X     X     X   

8 TH12K018RH60PAR1C60     X   X   X     X     X   

9 TH12K019RH60PAR1C60     X X     X     X     X   

10 TH12K017RH40PAR2C60 X         X X       X   X   

11 TH12K018RH40PAR2C60 X       X   X       X   X   

12 TH12K019RH40PAR2C60 X     X     X       X   X   

13 TH12K017RH50PAR2C60   X       X X       X   X   

14 TH12K018RH50PAR2C60   X     X   X       X   X   

15 TH12K019RH50PAR2C60   X   X     X       X   X   

16 TH12K017RH60PAR2C60     X     X X       X   X   

17 TH12K018RH60PAR2C60     X   X   X       X   X   

18 TH12K019RH60PAR2C60     X X     X       X   X   

19 TH24K017RH40PAR1C60 X         X   X   X     X   

20 TH24K018RH40PAR1C60 X       X     X   X     X   

21 TH24K019RH40PAR1C60 X     X       X   X     X   

22 TH24K017RH50PAR1C60   X       X   X   X     X   

23 TH24K018RH50PAR1C60   X     X     X   X     X   

24 TH24K019RH50PAR1C60   X   X       X   X     X   

25 TH24K017RH60PAR1C60     X     X   X   X     X   

26 TH24K018RH60PAR1C60     X   X     X   X     X   

27 TH24K019RH60PAR1C60     X X       X   X     X   

28 TH24K017RH40PAR2C60 X         X   X     X   X   

29 TH24K018RH40PAR2C60 X       X     X     X   X   

30 TH24K019RH40PAR2C60 X     X       X     X   X   

31 TH24K017RH50PAR2C60   X       X   X     X   X   

32 TH24K018RH50PAR2C60   X     X     X     X   X   

33 TH24K019RH50PAR2C60   X   X       X     X   X   

34 TH24K017RH60PAR2C60     X     X   X     X   X   

35 TH24K018RH60PAR2C60     X   X     X     X   X   

36 TH24K019RH60PAR2C60     X X       X     X   X   

37 TH12K017RH40PAR1C90 X         X X     X       X 

38 TH12K018RH40PAR1C90 X       X   X     X       X 

39 TH12K019RH40PAR1C90 X     X     X     X       X 

40 TH12K017RH50PAR1C90   X       X X     X       X 

41 TH12K018RH50PAR1C90   X     X   X     X       X 

42 TH12K019RH50PAR1C90   X   X     X     X       X 

43 TH12K017RH60PAR1C90     X     X X     X       X 

44 TH12K018RH60PAR1C90     X   X   X     X       X 

45 TH12K019RH60PAR1C90     X X     X     X       X 

46 TH12K017RH40PAR2C90 X         X X       X     X 

47 TH12K018RH40PAR2C90 X       X   X       X     X 

48 TH12K019RH40PAR2C90 X     X     X       X     X 
Table 4A-1. Set of combinations analysed for the development of the Spalling Nomograms 
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 (continued) PC1 (RH) [%] PC2 (K) [m2] PC3 (TH) [cm] PC4 (Heating curve) PC5 (Mat) 

# Combination 40 50 60 10-19 10-18 10-17 12 24 50 PAR1 PAR2 PAR3 C60 C90 

49 TH12K017RH50PAR2C90   X       X X       X     X 

50 TH12K018RH50PAR2C90   X     X   X       X     X 

51 TH12K019RH50PAR2C90   X   X     X       X     X 

52 TH12K017RH60PAR2C90     X     X X       X     X 

53 TH12K018RH60PAR2C90     X   X   X       X     X 

54 TH12K019RH60PAR2C90     X X     X       X     X 

55 TH24K017RH40PAR1C90 X         X   X   X       X 

56 TH24K018RH40PAR1C90 X       X     X   X       X 

57 TH24K019RH40PAR1C90 X     X       X   X       X 

58 TH24K017RH50PAR1C90   X       X   X   X       X 

59 TH24K018RH50PAR1C90   X     X     X   X       X 

60 TH24K019RH50PAR1C90   X   X       X   X       X 

61 TH24K017RH60PAR1C90     X     X   X   X       X 

62 TH24K018RH60PAR1C90     X   X     X   X       X 

63 TH24K019RH60PAR1C90     X X       X   X       X 

64 TH24K017RH40PAR2C90 X         X   X     X     X 

65 TH24K018RH40PAR2C90 X       X     X     X     X 

66 TH24K019RH40PAR2C90 X     X       X     X     X 

67 TH24K017RH50PAR2C90   X       X   X     X     X 

68 TH24K018RH50PAR2C90   X     X     X     X     X 

69 TH24K019RH50PAR2C90   X   X       X     X     X 

70 TH24K017RH60PAR2C90     X     X   X     X     X 

71 TH24K018RH60PAR2C90     X   X     X     X     X 

72 TH24K019RH60PAR2C90     X X       X     X     X 

73 TH50K018RH50PAR1C60   X     X       X X     X   

74 TH12K017RH40PAR3C60 X         X X         X X   

75 TH12K018RH40PAR3C60 X       X   X         X X   

76 TH12K019RH40PAR3C60 X     X     X         X X   

77 TH12K017RH50PAR3C60   X       X X         X X   

78 TH12K018RH50PAR3C60   X     X   X         X X   

79 TH12K019RH50PAR3C60   X   X     X         X X   

80 TH12K017RH60PAR3C60     X     X X         X X   

81 TH12K018RH60PAR3C60     X   X   X         X X   

82 TH12K019RH60PAR3C60     X X     X         X X   

83 TH12K017RH40PAR3C90 X         X X         X   X 

84 TH12K018RH40PAR3C90 X       X   X         X   X 

85 TH12K019RH40PAR3C90 X     X     X         X   X 

86 TH12K017RH50PAR3C90   X       X X         X   X 

87 TH12K018RH50PAR3C90   X     X   X         X   X 

88 TH12K019RH50PAR3C90   X   X     X         X   X 

89 TH12K017RH60PAR3C90     X     X X         X   X 

90 TH12K018RH60PAR3C90     X   X   X         X   X 

91 TH12K019RH60PAR3C90     X X     X         X   X 
Table 4A-1. Set of combinations analysed for the development of the Spalling Nomograms (continued) 
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Figure 4A-1. Spalling Index IS4 evolution for combination 1-TH12K017RH40PAR1C60 
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Figure 4A-2. Spalling Index IS4 evolution for combination 2-TH12K018RH40PAR1C60 
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Figure 4A-3. Spalling Index IS4 evolution for combination 3-TH12K019RH40PAR1C60 
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Figure 4A-4. Spalling Index IS4 evolution for combination 4-TH12K017RH50PAR1C60 
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Figure 4A-5. Spalling Index IS4 evolution for combination 5-TH12K018RH50PAR1C60 
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Figure 4A-6. Spalling Index IS4 evolution for combination 6-TH12K019RH50PAR1C60 
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Figure 4A-7. Spalling Index IS4 evolution for combination 7-TH12K017RH60PAR1C60 
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Figure 4A-8. Spalling Index IS4 evolution for combination 8-TH12K018RH60PAR1C60 
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Figure 4A-9. Spalling Index IS4 evolution for combination 9-TH12K019RH60PAR1C60 
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Figure 4A-10. Spalling Index IS4 evolution for combination 10-TH12K017RH40PAR2C60 
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Figure 4A-11. Spalling Index IS4 evolution for combination 11-TH12K018RH40PAR2C60 
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Figure 4A-12. Spalling Index IS4 evolution for combination 12-TH12K019RH40PAR2C60 
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Figure 4A-13. Spalling Index IS4 evolution for combination 13-TH12K017RH50PAR2C60 
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Figure 4A-14. Spalling Index IS4 evolution for combination 14-TH12K018RH50PAR2C60 
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Figure 4A-15. Spalling Index IS4 evolution for combination 15-TH12K019RH50PAR2C60 
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Figure 4A-16. Spalling Index IS4 evolution for combination 16-TH12K017RH60PAR2C60 
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Figure 4A-17. Spalling Index IS4 evolution for combination 17-TH12K018RH60PAR2C60 
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Figure 4A-18. Spalling Index IS4 evolution for combination 18-TH12K019RH60PAR2C60 



Spalling nomograms – Appendix A 

281 

0,0000

0,0200

0,0400

0,0600

0,0800

0,1000

0,1200

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

DISTANCE TO SURFACE [cm]

SP
A

LL
IN

G
 IN

D
EX

 Is
4 

[-]

0s 120s 240s 360s 480s 600s 720s 840s 960s 1080s 1200s 1320s
1440s 1560s 1680s 1800s 1920s 2040s 2160s 2280s 2400s 2520s 2640s 2760s
2880s 3000s 3120s 3240s 3360s 3480s 3600s 3720s 3840s 3960s 4080s 4200s
4320s 4440s 4560s 4680s 4800s 4920s 5040s 5160s 5280s 5400s 5520s 5640s
5760s 5880s 6000s 6120s 6240s 6360s 6480s 6600s 6720s 6840s 6960s 7080s
7200s 7320s 7440s 7560s 7680s 7800s 7920s 8040s 8160s 8280s 8400s 8520s
8640s 8760s 8880s 9000s 9120s 9240s 9360s 9480s 9600s 9720s 9840s 9960s
10080s 10200s 10320s 10440s 10560s 10680s 10800s

  
Figure 4A-19. Spalling Index IS4 evolution for combination 19-TH24K017RH40PAR1C60 
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Figure 4A-20. Spalling Index IS4 evolution for combination 20-TH24K018RH40PAR1C60 
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Figure 4A-21. Spalling Index IS4 evolution for combination 21-TH24K019RH40PAR1C60 
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Figure 4A-22. Spalling Index IS4 evolution for combination 22-TH24K017RH50PAR1C60 
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Figure 4A-23. Spalling Index IS4 evolution for combination 23-TH24K018RH50PAR1C60 
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Figure 4A-24. Spalling Index IS4 evolution for combination 24-TH24K019RH50PAR1C60 
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Figure 4A-25. Spalling Index IS4 evolution for combination 25-TH24K017RH60PAR1C60 
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Figure 4A-26. Spalling Index IS4 evolution for combination 26-TH24K018RH60PAR1C60 
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Figure 4A-27. Spalling Index IS4 evolution for combination 27-TH24K019RH60PAR1C60 
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Figure 4A-28. Spalling Index IS4 evolution for combination 28-TH24K017RH40PAR2C60 
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Figure 4A-29. Spalling Index IS4 evolution for combination 29-TH24K018RH40PAR2C60 
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Figure 4A-30. Spalling Index IS4 evolution for combination 30-TH24K019RH40PAR2C60 
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Figure 4A-31. Spalling Index IS4 evolution for combination 31-TH24K017RH50PAR2C60 
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Figure 4A-32. Spalling Index IS4 evolution for combination 32-TH24K018RH50PAR2C60 
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Figure 4A-33. Spalling Index IS4 evolution for combination 33-TH24K019RH50PAR2C60 
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Figure 4A-34. Spalling Index IS4 evolution for combination 34-TH24K017RH60PAR2C60 
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Figure 4A-35. Spalling Index IS4 evolution for combination 35-TH24K018RH60PAR2C60 
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Figure 4A-36. Spalling Index IS4 evolution for combination 36-TH24K019RH60PAR2C60 



Spalling nomograms – Appendix A 

290 

0,0000

0,0100

0,0200

0,0300

0,0400

0,0500

0,0600

0,0700

0 1 2 3 4 5 6 7 8 9 10 11 12

DISTANCE TO SURFACE [cm]

SP
A

LL
IN

G
 IN

D
EX

 Is
4 

[-
]

0s 120s 240s 360s 480s 600s 720s 840s 960s 1080s 1200s
1320s 1440s 1560s 1680s 1800s 1920s 2040s 2160s 2280s 2400s 2520s
2640s 2760s 2880s 3000s 3120s 3240s 3360s 3480s 3600s 3720s 3840s
3960s 4080s 4200s 4320s 4440s 4560s 4680s 4800s 4920s 5040s 5160s
5280s 5400s 5520s 5640s 5760s 5880s 6000s 6120s 6240s 6360s 6480s
6600s 6720s 6840s 6960s 7080s 7200s 7320s 7440s 7560s 7680s 7800s
7920s 8040s 8160s 8280s 8400s 8520s 8640s 8760s 8880s 9000s 9120s
9240s 9360s 9480s 9600s 9720s 9840s 9960s 10080s 10200s 10320s 10440s
10560s 10680s 10800s

  
Figure 4A-37. Spalling Index IS4 evolution for combination 37-TH12K017RH40PAR1C90 
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Figure 4A-38. Spalling Index IS4 evolution for combination 38-TH12K018RH40PAR1C90 
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Figure 4A-39. Spalling Index IS4 evolution for combination 39-TH12K019RH40PAR1C90 
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Figure 4A-40. Spalling Index IS4 evolution for combination 40-TH12K017RH50PAR1C90 
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Figure 4A-41. Spalling Index IS4 evolution for combination 41-TH12K018RH50PAR1C90 
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Figure 4A-42. Spalling Index IS4 evolution for combination 42-TH12K019RH50PAR1C90 
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Figure 4A-43. Spalling Index IS4 evolution for combination 43-TH12K017RH60PAR1C90 
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Figure 4A-44. Spalling Index IS4 evolution for combination 44-TH12K018RH60PAR1C90 
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Figure 4A-45. Spalling Index IS4 evolution for combination 45-TH12K019RH60PAR1C90 
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Figure 4A-46. Spalling Index IS4 evolution for combination 46-TH12K017RH40PAR2C90 
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Figure 4A-47. Spalling Index IS4 evolution for combination 47-TH12K018RH40PAR2C90 
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Figure 4A-48. Spalling Index IS4 evolution for combination 48-TH12K019RH40PAR2C90 
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Figure 4A-49. Spalling Index IS4 evolution for combination 49-TH12K017RH50PAR2C90 
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Figure 4A-50. Spalling Index IS4 evolution for combination 50-TH12K018RH50PAR2C90 
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Figure 4A-51. Spalling Index IS4 evolution for combination 51-TH12K019RH50PAR2C90 
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Figure 4A-52. Spalling Index IS4 evolution for combination 52-TH12K017RH60PAR2C90 
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Figure 4A-53. Spalling Index IS4 evolution for combination 53-TH12K018RH60PAR2C90 
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Figure 4A-54. Spalling Index IS4 evolution for combination 54-TH12K019RH60PAR2C90 
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Figure 4A-55. Spalling Index IS4 evolution for combination 55-TH24K017RH40PAR1C90 
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Figure 4A-56. Spalling Index IS4 evolution for combination 56-TH24K018RH40PAR1C90 
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Figure 4A-57. Spalling Index IS4 evolution for combination 57-TH24K019RH40PAR1C90 
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Figure 4A-58. Spalling Index IS4 evolution for combination 58-TH24K017RH50PAR1C90 
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Figure 4A-59. Spalling Index IS4 evolution for combination 59-TH24K018RH50PAR1C90 
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Figure 4A-60. Spalling Index IS4 evolution for combination 60-TH24K019RH50PAR1C90 



Spalling nomograms – Appendix A 

302 

0,0000

0,0100

0,0200

0,0300

0,0400

0,0500

0,0600

0,0700

0,0800

0,0900

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

DISTANCE TO SURFACE [cm]

SP
A

LL
IN

G
 IN

D
EX

 Is
4 

[-]

0s 120s 240s 360s 480s 600s 720s 840s 960s 1080s 1200s 1320s
1440s 1560s 1680s 1800s 1920s 2040s 2160s 2280s 2400s 2520s 2640s 2760s
2880s 3000s 3120s 3240s 3360s 3480s 3600s 3720s 3840s 3960s 4080s 4200s
4320s 4440s 4560s 4680s 4800s 4920s 5040s 5160s 5280s 5400s 5520s 5640s
5760s 5880s 6000s 6120s 6240s 6360s 6480s 6600s 6720s 6840s 6960s 7080s
7200s 7320s 7440s 7560s 7680s 7800s 7920s 8040s 8160s 8280s 8400s 8520s
8640s 8760s 8880s 9000s 9120s 9240s 9360s 9480s 9600s 9720s 9840s 9960s
10080s 10200s 10320s 10440s 10560s 10680s 10800s

  
Figure 4A-61. Spalling Index IS4 evolution for combination 61-TH24K017RH60PAR1C90 
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Figure 4A-62. Spalling Index IS4 evolution for combination 62-TH24K018RH60PAR1C90 
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Figure 4A-63. Spalling Index IS4 evolution for combination 63-TH24K019RH60PAR1C90 
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Figure 4A-64. Spalling Index IS4 evolution for combination 64-TH24K017RH40PAR2C90 
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Figure 4A-65. Spalling Index IS4 evolution for combination 65-TH24K018RH40PAR2C90 
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Figure 4A-66. Spalling Index IS4 evolution for combination 66-TH24K019RH40PAR2C90 
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Figure 4A-67. Spalling Index IS4 evolution for combination 67-TH24K017RH50PAR2C90 
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Figure 4A-68. Spalling Index IS4 evolution for combination 68-TH24K018RH50PAR2C90 
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Figure 4A-69. Spalling Index IS4 evolution for combination 69-TH24K019RH50PAR2C90 
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Figure 4A-70. Spalling Index IS4 evolution for combination 70-TH24K017RH60PAR2C90 



Spalling nomograms – Appendix A 

307 

0,0000

0,0100

0,0200

0,0300

0,0400

0,0500

0,0600

0,0700

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

DISTANCE TO SURFACE [cm]

SP
A

LL
IN

G
 IN

D
EX

 Is
4 

[-]

0s 120s 240s 360s 480s 600s 720s 840s 960s 1080s 1200s 1320s
1440s 1560s 1680s 1800s 1920s 2040s 2160s 2280s 2400s 2520s 2640s 2760s
2880s 3000s 3120s 3240s 3360s 3480s 3600s 3720s 3840s 3960s 4080s 4200s
4320s 4440s 4560s 4680s 4800s 4920s 5040s 5160s 5280s 5400s 5520s 5640s
5760s 5880s 6000s 6120s 6240s 6360s 6480s 6600s 6720s 6840s 6960s 7080s
7200s 7320s 7440s 7560s 7680s 7800s 7920s 8040s 8160s 8280s 8400s 8520s
8640s 8760s 8880s 9000s 9120s 9240s 9360s 9480s 9600s 9720s 9840s 9960s
10080s 10200s 10320s 10440s 10560s 10680s 10800s

  
Figure 4A-71. Spalling Index IS4 evolution for combination 71-TH24K018RH60PAR2C90 
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Figure 4A-72. Spalling Index IS4 evolution for combination 72-TH24K019RH60PAR2C90 
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Figure 4A-73. Spalling Index IS4 evolution for combination 73-TH50K018RH50PAR1C60 
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Figure 4A-74. Spalling Index IS4 evolution for combination 74-TH12K017RH40PAR3C60 



Spalling nomograms – Appendix A 

309 

0,0000

0,5000

1,0000

1,5000

2,0000

2,5000

0 1 2 3 4 5 6 7 8 9 10 11 12

DISTANCE TO SURFACE [cm]

SP
A

LL
IN

G
 IN

D
EX

 Is
4 

[-
]

0s 30s 60s 90s 120s 150s 180s 210s 240s 270s 300s 330s
360s 390s 420s 450s 480s 510s 540s 570s 600s 630s 660s 690s
720s 750s 780s 810s 840s 870s 900s 930s 960s 990s 1020s

  
Figure 4A-75. Spalling Index IS4 evolution for combination 75-TH12K018RH40PAR3C60 
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Figure 4A-76. Spalling Index IS4 evolution for combination 76-TH12K019RH40PAR3C60 
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Figure 4A-77. Spalling Index IS4 evolution for combination 77-TH12K017RH50PAR3C60 
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Figure 4A-78. Spalling Index IS4 evolution for combination 78-TH12K018RH50PAR3C60 
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Figure 4A-79. Spalling Index IS4 evolution for combination 79-TH12K019RH50PAR3C60 
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Figure 4A-80. Spalling Index IS4 evolution for combination 80-TH12K017RH60PAR3C60 
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Figure 4A-81. Spalling Index IS4 evolution for combination 81-TH12K018RH60PAR3C60 
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Figure 4A-82. Spalling Index IS4 evolution for combination 82-TH12K019RH60PAR3C60 
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Figure 4A-83. Spalling Index IS4 evolution for combination 83-TH12K017RH40PAR3C90 
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Figure 4A-84. Spalling Index IS4 evolution for combination 84-TH12K018RH40PAR3C90 
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Figure 4A-85. Spalling Index IS4 evolution for combination 85-TH12K019RH40PAR3C90 
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Figure 4A-86. Spalling Index IS4 evolution for combination 86-TH12K017RH50PAR3C90 
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Figure 4A-87. Spalling Index IS4 evolution for combination 87-TH12K018RH50PAR3C90 
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Figure 4A-88. Spalling Index IS4 evolution for combination 88-TH12K019RH50PAR3C90 
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Figure 4A-89. Spalling Index IS4 evolution for combination 89-TH12K017RH60PAR3C90 
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Figure 4A-90. Spalling Index IS4 evolution for combination 90-TH12K018RH60PAR3C90 
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Figure 4A-91. Spalling Index IS4 evolution for combination 91-TH12K019RH60PAR3C90 
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