Reply to Comments of Examiners
Examiner-I
	S.N.
	Comments
	Reply

	1
	Chapter 1 introduced the problem, background and presented the objective and scope of the present work. Organization of the thesis is also presented.
	(i) Page 20: How the review of literature helped in deriving the objectives of the present work is not reported with clarity. One summary in tabular form may be included.
	Needful is done. Objectives are re-written, and a summary of the review is included in the thesis in a tabular form.
(Page 20, Paragraph 2, Table 1.2)

	
	
	(ii)  Page 21: scope and objective, it looks a long paragraph. It should be stabilization of jarosite waste with blast furnace slag and hydrated lime considering is strength, deformation and leaching characteristics. Then you can make sub headings.
	Needful is done. Scope and objective are now modified.
(Page 24-25)


	2

	Chapter 2 presented detail materials and mythology.
	(i) Page 26: No BIS mentioned, please include.
	All laboratory tests were conducted as per the testing methods described in the relevant ASTM Standards (Table 2.4). However, in the absence of ASTM Standards for a particular test, Indian Standards were followed. BIS are also mentioned now.
Page 32/33, Section 2.3

	
	
	(ii) Page 42/43, Samples kept in polythene bags for curing. It is not true. You may write due to not availability of the other methods; samples are kept in polythene bags for curing.
	Needful is done. The line is now modified as per the suggestion. 

(Page 44)

	3
	Chapter 3, 4, are the main contribution from the thesis. The explanation and write up are excellent
	(i) Page no-53/54: what is the acceptable range of lime to be added as per revised ASTM standard!! 
	As per revised ASTM C977-18 [82a], 2.5% lime was required as the minimum content for jarosite stabilization, whereas 5-10% of lime content were also used based on the international experiences on soil-lime stabilization [83a].

(Page 53, Section 3.1.2)

	
	
	(ii) Page 59, last paragraph: Sharma and Sivapullaiah (2016) should be Sharma and Sivapullaiah [85]. Please correct in all chapters!
	Needful is done.

	
	
	(iii) Why curing period up to 90 days chosen. It may go up to one year also. 
	Due to shortage of necessary equipment required for testing and curing (desiccators, molds, UCS accessories) and due to a large number of research scholars sharing the same facility, it was not possible to continue the curing for a year. Hence, it was carried out up to 90 days only.

	
	
	(iv) No information regarding the grain size distribution of jarosite-GGBS mixture!!
	The grain size distribution (GSD) of Jarosite and GGBS are now added. This study included 16 combinations of Lime and GGBS and the GSD of the various mix of jarosite and GGBS will lie in between phase of jarosite and GGBS. Also the GSDs of these two and hence, are not included. 
(Chapter 2, Fig. 2.2, Page 28)

	
	
	(v) X-ray diffraction tells us nothing about the changes of material experiences before and after stabilization!! What does this say about the material?
	As mentioned in section 3.4.1, after stabilization of jarosite with GGBS and lime, the active/free aluminous and silicious minerals present in jarosite and GGBS reacts with calcium in lime to produce calcium silicates hydrate [C-S-H] and calcium aluminates silicate hydrate [C-A-S-H] bonds and these reactions are indicated in Fig 3.17 (c & d). 

(Section 3.4.1, Fig. 3.17, Page 84/85)

	
	
	(vi) What quality control measures were taken to maintain uniformity in samples preparation? 
	For maintaining the quality and uniformity in samples, materials were proper weighted as per required amount of respective blend, then controlling the uniform mixing at the required amount of water (OMC). After mixing and proper compaction in each layer in the mold, samples were kept in controlled airtight curing chamber at room temperature of 25 ± 5 °C.
Afterward, the samples were tested  in which the standard deviation in three individual samples, molded at the same moisture content, would not vary by more than 10% from their mean results, were considered as a test result. Otherwise, the samples were rejected. 

	
	
	(vii) UCS is used for mixed proposal Optimization. However, optimal mix proportion may be quite different if one focused upon the stiffness.
	If one focused on stiffness, the optimum mix proposal will be different. However, the common practice followed by most of the researchers such as Lee et al. (1995), Porbaha (2000), Lorenzo and Bergado (2004), Consoli et al. (2009b), Gullu and Hazirbaba, (2010) and Dingwen et al. (2013) mainly focus on the UCS values for evaluating optimal mix design. Also, the UCS values were used for predicting the stiffness and suggested that the stiffness of cement/lime treated soil is proportional to the UCS value. 

	
	
	(viii) There is no discussion of how this is stabilized material will be accomplished in the field, what are the mix proportion, construction sequence and QA/QC procedures.
	Needful is done. Section 4.3 “Construction Sequence and QA/QC Procedure” is now added.

(Section 4.3, Page 103-104)

	
	
	(ix) Please highlight the limitation of study.
	Needful is done. The limitation of the study is now added in section 5.2 (chapter 5)
  (Section 5.2, Page 107)

	
	
	(x) Please include comparison with the reported studies.
	Section 4.2, represents the comparison of stabilized jarosite with some reported and conventional material. 
(Section 4.2, Page 102/103)

	4
	Chapter 5

	Please include contribution of the presented investigation to the existing knowhow in literature!
	The presented investigation contributes in the stabilization of jarosite (cement free), which is sufficiently durable, stronger, immobilized (heavy and toxic elements), and cheaper than the conventional material existing n the literature (jarofix). Furthermore, this novel stabilized material is economical and can be used in various applications in civil engineering.

(Refer- Point 6-9, Section 5.1, Page 106) 
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Examiner-II

	S.N.
	Comments
	Reply

	1
	
	1. Literature review can be separated from introduction.
	As per the guidelines mentioned in our ordinance of our institute for thesis writing (annexure – IX, Section 3.3.1), the literature review and introduction are to be kept together in one chapter. 

	
	
	2. There are quite a few editorial and grammatical errors.
	Needful is done. Corrections have been made.

	
	
	3. First 2 paragraphs of introduction are too general. Reduce it and directly focus on Jarosite.
	Needful is done.
(Page 1)

	
	
	4. How Jarosite is normally disposed? Give references?
	Section 1.3.1 (Disposal practice of jarosite waste and its management) presents the disposal practice of jarosite.
Page 4/5, Section 1.3.1

	
	
	5. What is the issue with Jarosite as a pollutant? Need to be given in introduction.
	Needful is done.
Page 2, Second paragraph 

	
	
	6. What are the background studies in literature related Jarosite waste management? To be given in one paragraph.
	Section 1.3.1 is now modified with addition of jarosite management.
Page 4/5, Section 1.3.1

	
	
	7. What are the recent challenges to address? This need to be given in last paragraph of introduction with major objective of the study?
	Needful is done. One paragraph is added at the end of introduction with major objectives of the study. 
Page 4, Second paragraph

	2
	Section 1.4

	1. 4R with Jarosite: How this is study can contribute to reduce, reclaim and Recycle? Reuse is done in this study. Be specific on this. Please rewrite scope. State the objective first and then write scope.
	The focus of the study was on reuse of jarosite. As per the suggestion, the sentence is now modified along with rewriting of scope and objective. 
Page 24, Section 1.4

	
	
	2. Delete all obvious scope like 1, 2, and 5 or rewrite to explain the research theme.
	Point 6. Not a scope of research. Test such as TCLP need to be done. This need to be specified.
	Needful is done.
Page 24, Section 1.4

	
	
	3. 
	Point 4. How durability can be studied by freeze-thaw?
	From the Freeze-Thaw test, the degree of adequate hardness to resist field weathering of stabilized jarosite-GGBS-lime matrix is measured in terms of durability. (ASTM D560M-15 [64])
Page 24, Section 1.4

	
	
	4. 
	Point 7 is not clear. What is the research? The actual objective is missing. Last paragraph not required.
	Point 7 (Now point 4), presents the economic viability of present work. The financial analysis is also an important research goal. The sentence is now modified.
Page 24, Section 1.4

	3

	Section 3.1
	1. How to compare OMC, MDD with respect to Standard Proctor results. Whether any crosscheck was done for any sample?
	Before conducting the mini compactor test, few blends were tested by standard Proctor test and then, the same samples test were repeated on mini compactor. The results of both tests were compared and observed that the mini compactor gives approximately same results (OMC and MDD) as obtained from standard Proctor test.   

	
	
	2. What is the implication of compaction energy/unit volume? What would 36 blows /layer achieved? 
	The energy/volume is implied in the validation of densities achieved from standard Proctor and mini compaction test. Sridharan and Sivapullaiah [60] reported that, the energies per unit volume applied in the apparatus for mini compactor test (1487 kN-m/m3) is larger than the energies per unit volume of the standard proctor test (606 kN-m/m3).
This happens because in the mini compactor, the energy of the hammer is transferred through the foot of the frame to the material and hence some loss of energy due to impact between the hammer and the energy transferring foot. Whereas, in standard Proctor test, the energy is directly transferred to the material from hammer. Due to non-accountability of exact value of coefficient of restitution, effect of impact and other losses, the number of blows used (36) was actually obtained by comparing the compaction curves obtained from the mini compactor and the standard Proctor compaction curves instead of theoretical calculation.

	
	
	3. Figure 3.1a. Use symbol for J which is clear.
	Needful is done.
Fig. 3.1a, Page 52

	
	
	4. No discussion for figure 3.2 to 3.5. Adding GGBS, lime good or bad, what is the recommendation? 
	The discussion for Figures 3.2 to 3.5 is now added.
Page 53, Section 3.1.2

	
	
	5. What is the PSD of GGBS? 
	Needful is done.
Page 28, Fig. 2.2

	
	
	6. What is the objective while using J-GGBS-Lime? Whether this will be used directly or mixed with soil? If not compressibility need to be investigated.
	The primary object of the present study is upon the immobilization/stabilization of hazardous jarosite waste. For achieving the object, one pozzolanic waste i.e. GGBS and one pozzolanic activator i.e. hydrated lime were used for making a solidified material. 
In present study, soil was not mixed with jarosite. Also, the treated material is formed into a cementitious (hardened) product, similar to cement mortar. Hence, the compressibility analysis was not needed.  

	4
	Section 3.2

	1. What is the importance of split tensile strength? Normally σt   is neglected for soils.
	As discussed earlier, soil was not used in this study and also the treated material is formed into solidified rock-like (mortar) material, thus its compressive as well as tensile both the strength are necessary to be examined. 
Further, Vaniček [74] also revealed that the tensile strength parameter is associated with predicting the chances of tensile cracks possible to develop in stabilized earthen constructions, for example, embankments, reinforced retaining walls or landfills.  

	
	
	2. Fig. 3.6. If repetition is performed, put error bars.
	Needful is done.
Fig. 3.6, Page 60

	
	
	3. Page 59, Table 3.1, OMC, MDD increase cannot be taken as the reason for explaining strength increases. Previous paragraph state pozzolanic activity.
	As per the suggestion, the sentence is now modified. 
(Page 59, Section 3.2.1)
But also, due to the alternation in mechanical properties (void ratio), the packing of particles get denser. Thus, the MDD as well as strength increases. Moreover, due to self-hardening time dependent properties of GGBS, the long-term increase in strength was also achieved in GGBS blends. 

	
	
	4. Fig. 3.7. Why stress-strain plot for lime mixed sample? Why not others? Also compare with similar studies and their trends from literature for GGBS, Lime samples.

All the exhibit brittle failure, how about Jarosite only or Jarosite-GGBS. Essential to compare the high strength obtained for Figure 3.9 with literature.
	Strain-Strain plots for jarosite-GGBS blends are now added as Figs. 3.7 (a) and 3.8 (a) for UCS and tensile strength respectively.
(Fig. 3.7 (a) & 3.8 (a), Page 62/65)
Fig. 3.7 (a), shows the strain-stress behaviour of jarosite only and jarosite-GGBS blends. From the figure, it is concluded that, jarosite-GGBS blends exhibit strain hardening behaviour.
On concerning literature studies, there are very limited study available for jarosite stabilization, and GGBS-lime blended jarosite stabilization study is unavailable (Present study), thus, it is not possible to compare these trends from literature.

	
	
	5. Fig. 3.9. What is the use of relationship given? How to use it? 
	The relationships mentioned in Fig. 3.9 are normalized equations formed when the power regression function was fitted on various UCS data sets of lime content. These relationship were further used for forming relationship among UCS, lime content and GGBS content (Fig. 3.10).
(Fig. 3.9, Page 68-69)

	
	
	6. How to use Figures 3.10 and 3.12? 




	[bookmark: _GoBack]Figures 3.10 or 3.12, both  shows the relationship among strength, lime content and GGBS content, formed when normalizing the data set by power function regression fitting. Both The relationships were further used in Fig. 3.13 for determination of final expression between UCS and tensile strength (Eqn. 3.9-3.11). The section 3.2.3.1 “Use of the equation developed” has been added, which shows the use of these equations. 
(Fig. 3.10/3.12, Page 70/73)

	5
	Section 3.3
	1. Why freeze-thaw was used, rather than drying-wetting? -which is related to in India.
	Indian standard (BIS 4332 Part 4) [72] lists both tests for the study of durability. No doubt, the wetting-drying study is more related to India. However, it was examined from wetting-drying study that, the samples shrank (i.e., shortened) after the drying phase (70 °C Temp.). Thus, it was not possible to perform strength study (UCS) on shortened samples. Also, the validation of treated materials as per durability concern (Strength loss and Material weight loss) is the prime objective of research. 
Whereas after performing of freeze-thaw test, during the thaw phase, the samples didn’t shrink. Hence the F-T study was conducted instead of wetting-drying. Also there are numerous studies which advocates the use of F-T for strength loss study (Durability), than wetting-drying.

	
	
	2. Fig. 3.14. What causes reduction in UCS for untreated Jarosite?
	As seen in Fig. 3.14, after few F-T cycles, untreated jarosite does not exhibit sufficient resistant against weathering and got weakened due to loosing of the particles. Thus, a reduction in UCS.   
(Page 77, Fig. 3.14)

	
	
	3. Fig. 3.15. What is the research finding? What is the recommendation on durability based on F-T? 
	
Figure 3.15 illustrates the durability resistant (strength loss) of the treated jarosite. In the present study, weathering resistant or durability is also a research goal for stabilized material. 

Table 3.2 is now added, which illustrates the permissible limits of weight loss of stabilized material recommended by Portland Cement Association (1959) [90a]. 

As per the permissible limit of weight loss and durability concern, lime treated jarosite blends (without GGBS) failed in durability. But GGBS-lime treated jarosite (≥ 10% GGBS) passed the durability and are recommended for civil engineering applications.

(Table 3.2, Page 82)

	
	
	4. Fig. 3.16. How weight loss is obtained? What causes weight loss? Is it material loss or only moisture? 
	Generally, the weight loss represents the material loss. For calculation of weight loss, samples after freeze- thaw cycle was given two firm strokes on all areas with a wire scratch brush and then the samples were weighed. Subsequently, comparing final sample weight with initial one (before F-T cycle sample weight), gives the percentage weight loss or material loss. 
(Page 46)

	6
	Section 3.4
	1. Why section 3.4 is presented after discussing all important results?
	Section 3.4 presents the mineralogical and morphological studies. These studies support and validate the results presented in the previous study. For example, the strength improvement in samples with curing is chemically achieved due to C-S-H type bonding, which is apparent in XRD and SEM results. Thus, this section is presented after all studies. 
(Section 3.4, Page 83)

	
	
	2. Compare Fig 3.17 with literature.
	The author could not find any study of jarosite stabilized with lime and GGBS. Hence, it is not possible to compare the results with literature.  

	7
	Section 3.5

	1. Leaching study (ICPX). It should be TCLP study.
	Needful is done.
(Page 93, Section 3.5)

	
	
	2. How specific heavy metal were chosen? Why not Zn and Fe? 
	Needful is done.
Page 93/95, Section 3.5

	
	
	3. What causes immobilization? Please give the reaction or process.
	In the immobilization process during solidification/ stabilization, the heavy metals present in hazardous waste gets converted into low soluble precipitates such as carbonates, silicates, or hydroxides and then physically encapsulated between the solids surfaces developed by formation of cementitious gels (C-S-H) (Portland cement association, 1991 [95])

	8
	Chapter 4

	1. Where is σt used?
	As mentioned above, Vaniček [74] revealed that the tensile strength parameter is associated with predicting the chances of tensile cracks possible to develop in stabilized earthen constructions, for example, embankments, reinforced retaining walls or landfills.  

	
	
	2. How about compressibility given high amount of cohesive silt.
	In the present study, soil was not mixed with jarosite. Also, the treated material got solidified after pozzolanic reaction and curing, thus the need for studying the compressibility behavior was not felt. 

	
	
	3. Is there any recommendation to find whether a material is durable or not?
	On the basis of permissible limits of weight loss of stabilized material recommended by Portland Cement Association (1959) [92a] (Table 3.2), it can be examined that, which material is durable and which is not.  

From Table 3.2, it is observed that jarosite treated with lime only does not perform satisfactorily in durability (weight loss). However, jarosite treated with GGBS and lime (˃10% GGBS) are durable (weight loss).

(Table 3.2, Page 82)

	
	
	4. Where are the results for Section 4.1.2?
	The details of brick preparation, testing and discussion on results for Section 4.1.2 are kept on hold as a patent on this has been filed in concerned department, and it prohibits the publication of any detail..
(Section 4.1.2, Page 100)

	9
	Conclusion need to be reduced to the most important findings.
	Needful is done.
(Page 105/106)



