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7 Abstract

s It has been a long time since humans started using waste materials in engineering

9 applications. This approach not only reduces the yield of waste, while minimizing the costs of
10 disposal but also limit the cost of new materials. In the field of construction, the reuse of

11 waste concretes has been a strong research in recent years. However the processing of the

12 wastes normally involves complicated processing and lab equipment. In this report we crush
13 and dehydrate waste concretes with normal lab facilities and re-make the cement composites.
1u The waste concretes were crushed and dehydrated at two temperatures, 1280 and 1400 ? C.

15 To balance the concentration of silica and lime, extra lime at 28.5

16

17 Index terms— waste concrete, regenerated cement, mechanical properties, microstructures.

s 1 Introduction

19 s a result of modernization, new consumer behaviors generate waste with exponential increase, in a variety of
20 different divisions of the society. Inappropriate treatment of these wastes, lead to strong negative impacts to
21 the environment. As an applicable and effective method to deal with the waste materials, incorporating the
22 wastes into new products can not only reduce the amount of wastes, but also reduce the cost of industrial
23 manufacturing and production 1,2 . In the section of construction and buildings, the waste concretes cause
24 many environmental and health issues, while more and more concretes are used these years. In the meantime,
25 the production of cements are facing a shortage of the source materials ??3] ?7?74] ??5] . The global market for
26 construction aggregates is consistently increasing ??76] ??7] ?778] ??79] . Development has inflicted severe damage
27 on the environment and may endanger its sustainability. The exploitation of natural resources, in particular
28 mnon-renewable resources, for construction purposes leads to millions of tons of construction and demolition waste
29 every year 10,11 . Since most countries have no specific processing plan for these materials, they are sent to
30 landfill instead low quality of the final product, owing to lack of knowledge ??719] ??720] ?721] ?722] 7723] .
31 Waste concrete materials are being increasingly used in constructions. Targeting engineering applicability, waste
32 concretes should be standardized for the key parameters such as gravel size, specific gravity, water absorption
33 ratio, and crushing values should be determined, and these aggregates should be separated from wood, ceramics,
34 iron, and so on ?7724] 7?725] 7726][27][28] . Waste concretes are mostly used as protective barrier and ground-filling
35 material against erosion. In such large-scale projects as rebuilding roads and runways, using waste concretes will
36 reduce the cost of removal of the debris [29][30][31][32] . The utilization of waste concretes is increasingly gaining
37 popularity in many countries [33][34][35] . A lot of labs separates the hardened cement pastes from the waste
38 concretes and then dehydrate the cement pastes at high temperature to generate the recycled cements. However,
39 this method only uses a portion of the waste materials at low efficiency. Waste concretes are crushed and ground
40 by means of different methods so that they could be used as concrete aggregates 36,37 . Waste concrete can be
41 crushed into different sizes of aggregates. In comparison with normal concrete, Waste concretes have a higher
42 water absorption ratio but a lower specific gravity. The mortar percentage used in waste concrete obtained from
43 crushed concrete of destroyed structures was determined via linear traverse method [38][39][40] . Workability of
44 concrete wastes is normally not good, and hence water amount often needs to be increased 41,42 . However, it
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7 B) MECHANICAL PROPERTIES

is inevitable that cement ratio will increase in proportion to water added. Therefore, it would be desirable to
obtain finer aggregates in order for a proper workability 43 . It is worth noting that the CaCO 3 based aggregates
produce materials that share similar chemical compositions with the dehydrated cement paste and hence it may
be a viable approach to utilize the dehydrated concretes directly and avoiding the separation step. Currently
there are not many results on the utilization of the full composition of waste concretes. In this paper, we use
the waste concretes with CaCO 3 based aggregates as the source materials to regenerate cementitious materials.
This method is much easier and less cost-consuming in construction activitities. We used high temperature kiln
to dehydrate the crushed waste concretes and then we studied the chemical composition, mechanical properties
and the microstructures of the regenerated concretes. These results will provide guidance on the engineering
utility of the waste concretes in construction.

2 1II

3 Experiments

The waste concretes were kindly provided by QUATTRO UK LTD from a source of demolished building. The
materials were broken and ground into powders and sieved at 800 nm. Because the full compositions were
dehydrated, the materials contain a large amount of SiO 2 from the fine aggregates. For this reason we added
an extra amount of lime of 28.5% or 16% in weight to balance the compositions of Ca and Si. In addition,
extra Fe and Al oxides were also added at about 1%. The mixed raw materials are dehydrated at two different
temperatures 1280 and 1400 °C for about 1 hour. The dehydrated materials are quickly cooled down to room
temperature. The processing is presented in Figure 1. The chemical compositions were first analyzed with x-ray
diffraction (XRD) with a Bruker D8 instrument. In total four different materials are prepared to compare these
two parameters, as shown in Table 1. Another control sample with no waste concrete was also prepared and
studies for comparison purpose. The mixing procedures follow the ASTM standard C305 -14. The resulting fresh
materials are cast into plastic cylinder molds with the aid of vibration. All samples were sealed and kept at room
temperature and demolded on the day of testings. The samples were subject to compressive and tensile tests at
three different ages, 1, 7 and 28 days, with a M'TS universal test machine. To understand the mechanism behind
the mechanical properties, scanning electron microscopic (SEM) images were taken on the concretes at the age of
28 days. It is noteworthy that the phases of CSH and CH are not seen in the dehydrated materials, which means
that the dehydration is completed. While it is challenging to quantitatively calculate the respective compositions
of each material based on the relative intensities of the XRD peaks, it is concluded the compositions are similar
among the dehydrated paste and the raw clinker. Especially there is no obvious difference between the materials
dehydrated at 1280 ?C and 1400 ?C.

4 III.
5 Results
6 a) Chemical Composition

7 b) Mechanical Properties

The mechanical properties of the waste replaced samples were compared with studies of compressive tests and
tensile tests. The results are also compared with the a control mix without waste replacement. Figure 77?7
shows the results of compressive strength at the three different ages. As expected, the overall strengths are
decreased when the waste materials are used. And with more replacement, the strength are even lower. It is
noticeable that the at higher processing temperature 1400 ?C, the overall strengths are higher than 1280 ?C,
which is because at the higher temperature, the waste materials are more fully converted to the clinkers, allowing
complete reaction between cement and water. An incomplete conversion from hydration products to clinkers may
leave the unavailability of reaction spots in the matrix phase, resulting in a non-uniform microstructures. This is
the reason causing the premature failures. However it should be noted that the reduction in mechanical properties
were not so enormous. Especially for the samples are processed under 1400 ?C. The strengths are lowered less
than 20%. These materials are apparently feasible for applications such as low level buildings or pavements.
The cost will be significantly lower than using raw cement. The SEM images (SEI mode) of the cement paste
are shown in Figure ??7. The CSH and CH grains are clearly observed in the sample. The morphology of the
hydration products with from the waste materials are similar with the normal pastes. In both samples, the
CSH gel can be clearly observed, as well as the CH plates and AFt crystals. Comparing these two samples,
it is noticed that the amount of the AFt crystals in the waste concrete sample in much less than the control
sample, which may be responsible for the lower mechanical properties. It is also noted that in the sample with
the regenerated cement, there is a through crack, which may be due to the weak binding between the CSH gels
and other hydration products. This is also a viable mechanism to explain the diminished mechanical properties
of the concretes from regenerated cement. Other than that, it seems there are no apparent differences in the
microstructures between the two samples verifying the validity of using the dehydrated waste concrete to develop
new materials.
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8 Conclusion

In this work, the waste concretes were processed at temperatures of 1280 and 1400 °C. The resulting dehydrated
materials were directly added to mix with cement. The resulting mechanical properties are lower than those
of normal concrete samples. The microstructures and CSH are also similar with the normal concretes. It is
applicable to use these waste concretes for construction that does not necessitate high strengths, such as pavement
and single-storey house. This work provides opportunities of using waste demolished concretes, reducing cost
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Material ID CaCO 3 Dehydration temp. (°C)

1 28.5% 1280
2 16% 1280
3 28.5% 1400
4 16% 1400

Figure 10: Table 1 :
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Figure 12:
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Figure 13: :
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.1 General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these
general guidelines.

To make a paper clear Reason of the study -theory, overall issue, purpose Fundamental goal To the point
depiction of the research Consequences, including definite statistics -if the consequences are quantitative in
nature, account quantitative data; results of any numerical analysis should be reported Significant conclusions
or questions that track from the research(es) Approach:

Single section, and succinct As a outline of job done, it is always written in past tense A conceptual should
situate on its own, and not submit to any other part of the paper such as a form or table Center on shortening
resultsbound background information to a verdict or two, if completely necessary What you account in an
conceptual must be regular with what you reported in the manuscript Exact spelling, clearness of sentences and
phrases, and appropriate reporting of quantities (proper units, important statistics) are just as significant in an
abstract as they are anywhere else

.2 Introduction:

The Introduction should ”introduce” the manuscript. The reviewer should be presented with sufficient background
information to be capable to comprehend and calculate the purpose of your study without having to submit to
other works. The basis for the study should be offered. Give most important references but shun difficult to
make a comprehensive appraisal of the topic. In the introduction, describe the problem visibly. If the problem
is not acknowledged in a logical, reasonable way, the reviewer will have no attention in your result. Speak in
common terms about techniques used to explain the problem, if needed, but do not present any particulars about
the protocols here. Following approach can create a valuable beginning:

Explain the value (significance) of the study Shield the model -why did you employ this particular system or
method? What is its compensation? You strength remark on its appropriateness from a abstract point of vision
as well as point out sensible reasons for using it. Present a justification. Status your particular theory (es) or
aim(s), and describe the logic that led you to choose them. Very for a short time explain the tentative propose
and how it skilled the declared objectives.

.3 Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after
the entire job is done. Sort out your thoughts; manufacture one key point with every section. If you make the
four points listed above, you will need a least of four paragraphs.

4 Abstract:

The summary should be two hundred words or less. It should briefly and clearly explain the key findings reported
in the manuscript-must have precise statistics. It should not have abnormal acronyms or abbreviations. It should
be logical in itself. Shun citing references at this point.

An abstract is a brief distinct paragraph summary of finished work or work in development. In a minute or less
a reviewer can be taught the foundation behind the study, common approach to the problem, relevant results,
and significant conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which
is not yet written? Wealth of terminology is very essential in abstract. Yet, use comprehensive sentences and
do not let go readability for briefness. You can maintain it succinct by phrasing sentences so that they provide
more than lone rationale. The author can at this moment go straight to Do not present the similar data more
than once. Manuscript should complement any figures or tables, not duplicate the identical information. Never
confuse figures with tables -there is a difference.

.5 Approach

As forever, use past tense when you submit to your results, and put the whole thing in a reasonable order. Put
figures and tables, appropriately numbered, in order at the end of the report If you desire, you may place your
figures and tables properly within the text of your results part.
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.6 Figures and tables

If you put figures and tables at the end of the details, make certain that they are visibly distinguished from any
attach appendix materials, such as raw facts Despite of position, each figure must be numbered one after the
other and complete with subtitle In spite of position, each table must be titled, numbered one after the other
and complete with heading All figure and table must be adequately complete that it could situate on its own,
divide from text Discussion:

The Discussion is expected the trickiest segment to write and describe. A lot of papers submitted for journal
are discarded based on problems with the Discussion. There is no head of state for how long a argument should
be. Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then
finish the paper with a summing up of the implication of the study. The purpose here is to offer an understanding
of your results and hold up for all of your conclusions, using facts from your research and generally accepted
information, if suitable. The implication of result should be visibly described. Infer your data in the conversation
in suitable depth. This means that when you clarify an observable fact you must explain mechanisms that may
account for the observation. If your results vary from your prospect, make clear why that may have happened.
If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved with prospect, and let it drop at that. Make a decision if each premise is supported, discarded, or
if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain.”
Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the
results that you have, and take care of the study as a finished work You may propose future guidelines, such as
how the experiment might be personalized to accomplish a new idea. Give details all of your remarks as much
as possible, focus on mechanisms. Make a decision if the tentative design sufficiently addressed the theory, and
whether or not it was correctly restricted.

Try to present substitute explanations if sensible alternatives be present. One research will not counter an
overall question, so maintain the large picture in mind, where do you go next? The best studies unlock new avenues
of study. What questions remain? Recommendations for detailed papers will offer supplementary suggestions.
Approach:

When you refer to information, differentiate data generated by your own studies from available information
Submit to work done by specific persons (including you) in past tense. Submit to generally acknowledged facts
and main beliefs in present tense.

.7 Content

Sum up your conclusion in text and demonstrate them, if suitable, with figures and tables. In manuscript,
explain each of your consequences, point the reader to remarks that are most appropriate. Present a background,
such as by describing the question that was addressed by creation an exacting study. Explain results of control
experiments and comprise remarks that are not accessible in a prescribed figure or table, if appropriate. Examine
your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or in manuscript
form. What to stay away from Do not discuss or infer your outcome, report surroundings information, or try to
explain anything. Not at all, take in raw data or intermediate calculations in a research manuscript.
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