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CHAPTER 6 

SUMMARY OF DISCUSSIONS ON TEST 
RESULTS AND CONCLUSIONS 
6.1 The summary of discussion on the results of the initial study 

With reference to section 3 .7 ; the discussion on the results of the initial study can 
be summarised as; 

• Percentage drop of magnitude of an index property vs. temperature is more 
accurate than drop of magnitude of an index property vs. temperature in this type 
of study. 

• Even though the unconfined compressive strength and slake durability index of 
quartzo-feldspathic gneiss is higher than that of biotite gneiss at room 
temperature, quartzo-feldspathic gneiss deteriorates faster than biotite gneiss 
subjected to heat treatments. 

• Percentage drop of magnitude of index property vs. temperature plots for the 
index tests of unconfined compressive strength and slake durability test results 
depict that curves drawn for quartzo-feldspathic gneiss and biotite gneiss intersect 
at temperature of 573°C. Hence this particular temperature is significant in any 
investigation in cooling heating done on these two rock types. 

6.2 The summary of discussion on the results of the detailed 
investigation on thermal sensitivity of biotite gneiss 

With reference to the Section 4.4; the discussion on the results of the detailed 
study on thermal sensitivity of biotite gneiss can be summarised as; 

• Deterioration of magnitude of an index property with the increment of 
temperature of biotite gneiss follows a second order polynomial plot in the form 
of y = - Ax 2 - B x + C (where A, B and C are constants) 

• Naturally decomposed biotite samples belonging to different weathering classes 
show a reasonable variation in ultrasonic pulse velocity (UPV) and unconfined 
compressive strength (UCS) values but not in slake durability index (S.I) values. 
Hence UPV and UCS tests are more meaningful for a similar study. 

• Index values obtained for different weathering classes by means of UPV and UCS 
tests are compatible and illustrated in Table 6.1. 
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Table 6.1 - Comparison of normalised index values obtained for biotite gneiss 

Change of 
class 

UPV 
(Normalised) 

UCS 
(Normalized) 

S.I 
(Normalized) 

Class I 1.086 1.701 0.996 
Class II 0.825 1.068 0.9946 
Class III 0.758 0.751 0.9841 
Class IV 0.431 0.441 0.884 
Class V 0.341 0.326 0.841 

This table implies that heat stress does not significantly affect the changing of 
slake durability index of biotite gneiss. This behavior is also depicted in Figure 
4.3 in which S.I values of naturally decomposed biotite gneiss are confined to a 
limited range. Heat stress can affect weakening of slake durability of biotite 
gneiss above temperature 630°C only. In addition, physical weathering might not 
significantly affect the deterioration of slake durability index of biotite gneiss. 

• A smaller number of micro fractures are naturally present in competent rock mass 
as well. These are propagated due to heat stress and number of micro fractures is 
increased accordingly. Thin section study done on heat-treated and non-heat 
treated rock cores illustrate that micro fractures are propagated in longitudinal and 
transverse directions of rock cores during heat treatments. These micro -fractures 
could enlarge and expand further when the rock mass is loaded reducing the 
bearing capacity of rock. Figure 4.2 illustrates that weakening process is enhanced 
with the increment of temperature, by reducing the bearing capacity of rock core 
samples. Therefore micro fracturing is a dominant deformation mechanism in the 
process of deterioration. 

6.3 The summary of discussion on the results of the detailed 
investigation on thermal sensitivity of quartzo-feldspathic gneiss 

With reference to the Section 5.4; the discussion on the results of the detailed 
investigation on thermal sensitivity of biotite gneiss can be summarised as; 

• Deterioration of magnitude of an index property with the increment of 
temperature of quartzo-feldspathic gneiss follows a second order accurate 
polynomial plot in the form of y = - Px 2 - Q x + R (where P, Q and R are 
constants). 

• Selection of quartzo-feldspathic gneiss representing different weathering classes 
was quite difficult. The main reason was that the weathering had not penetrated in 
to the quartzo-feldspathic gneiss rock mass. Decomposition was confined to the 
bottom of the overburden soil strata or the top of the quartzo-feldspathic gneiss 
rock mass. This is further verified by the test results given in Figures 5.2, 5.3 and 
5.4. 
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As per Figure 5.2, UPV of naturally decomposed quartzo-feldspathic gneiss is 
confined to a limited range of values, which confirms that the decomposition has 
not penetrated into the quartzo-feldspathic gneiss rock strata. This is verified by 
the results of the slake durability index test in Figure 5.4 where there is a certain 
overlapping of S.I values. 

Figure 5.4 illustrates that heat stress can affect weakening of slake durability of 
quartzo-feldspathic gneiss above temperature 690°C only. In addition, physical 
weathering might not significantly enhance deterioration of quartzo-feldspathic 
gneiss measured by slake durability index test. 

Comparison of test results of the detailed investigations done on 
biotite gneiss and quartzo-feldspathic gneiss 

Results obtained for both rock types in the detailed investigations carried out are 
compared and illustrated in Figure 6.2 to 6.4. 

Figure 6.2 illustrates the fact that heat-treated fresh quartzo-feldspathic gneiss 
deteriorates faster than that of biotite gneiss when tested for ultrasonic pulse 
velocity of each. 

Figure 6.3 also illustrates the fact that heat-treated fresh quartzo-feldspathic 
gneiss deteriorates faster than that of biotite gneiss when tested for unconfined 
compressive strength of each. 

Figure 6.4 also further confirms that heat-treated fresh quartzo-feldspathic gneiss 
deteriorates faster than that of biotite gneiss when tested for slake durability index 
of each. 

Results of the above index tests done in the detailed study prove that quartzo-
feldspathic gneiss deteriorates faster than biotite gneiss. 
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Figure 6.2 - Ultrasonic Pulse Velocity (Normalised) vs. Temperature (Normalised) 
(Comparison of biotite gneiss and quartzo-feldspathic gneiss) 
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Temperature (Normalised) 

Figure 6.3 - Unconfined Compressive Strength (Normalised) vs. Temperature 
(Normalised) 

(Comparison of biotite gneiss and quartzo-feldspathic gneiss) 
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Figure 6.4 - Slake Durability Index (Normalised) vs. Temperature (Normalised) 
(Comparison of biotite gneiss and quartzo-feldspathic gneiss) 



6.5 Conclusions and Recommendations 

6.5.1 Conclusions 

As per the analysis of results of the research done, the following conclusions can 
be made: 

• Strength of gneissic rocks drops significantly with increasing heat effect as 
applied in this study. 

• Gneissic rocks deteriorate so that magnitude of an index property with the 
increment of temperature closely follows second order polynomial plots in 
the form of y = - X.x2 - p x + y (where X, p and y are constants) within the 
range of temperatures used here. 

• Out of all the tests carried out in this study, ultrasonic pulse velocity test 
and unconfined compressive strength test can be recommended as the best 
suitable index tests for a study on deterioration of gneissic rocks. 

• Slake durability index property is insignificantly affected by application of 
heat followed by cooling up to 630°C for biotite gneiss and of 690°C for 
quartzo-feldspathic gneiss. Deterioration of slake durability in these rocks 
can be achieved by application of a temperature approximately exceeding 
the above values only. 

• Observational studies of thin sections prepared from samples heated up to 
700°C and of fresh samples indicate that micro-fracturing is the dominant 
deformation mechanism in the deterioration of gneissic rocks due to 
weathering as applied in this study. 

• Different grades of weathering observed in the naturally weathered 
samples of rocks can be achieved in the laboratory by heating the fresh 
samples of rock to specific temperatures followed by cooling to ambient 
temperature. This was clearly established for biotite gneiss. 

6.5.2 Recommendations 

• Even though fresh quartzo-feldspathic gneiss has greater strength and 
higher durable properties than fresh biotite gneiss, it deteriorates faster 
than the biotite gneiss under similar processes of accelerated weathering. 
Therefore, this information may be taken into consideration when 
designing civil engineering structures on such geological formations. 

• Attempts were made to simulate weathering by heating to a higher 
temperature and wetting. However to simulate natural weathering, it may 
be appropriate to heat to lower temperature for a long period of time and 
subjected to wetting. Furthermore since weathering is a long-term process, 
the above heating and wetting may be performed several times to simulate 
heating and subjecting to rains. 
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