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ABSTRACT

Fly Ash is produced when coal is burnt to generate energy, for decades the concrete industry has
used Fly Ash to improve concrete performance and mitigate long term risks in concrete. Since the
energy sector is moving away from coal fired energy in Australia and globally, the production of Fly
Ash will cease on our shores forcing Australian Ready Mixed Concrete suppliers to rely fully on the
Nations that continue to use coal fired energy for the supply of Fly Ash. Throughout the era of coal
fired energy being used in Australia, power plants have stored a percentage of the Fly Ash produced
in Ash Dams.

This study makes use of some of the stored Ash, known as Harvested Ash (HA) as a substitute for
fine aggregates to investigate the viability of use as sand in achieving a pozzolanic reaction. This is
carried out by using a typical set of commercial concrete raw materials and typical S40 MPa mix
design to carry out trials substituting varying portions of HA for the Fine aggregate portion replacing
on volume basis. By fixing the Water/Total Binder ratio, including the HA addition, while increasing
the Water/GP ratio relative to HA addition. Multiple hardened properties tested for comparison
between each supplemented percentage of HA to analyse the pozzolanic contribution to the results.
The pozzolanic reaction was successfully confirmed and the cement efficiency index was established

to be comparable with the fine grade classified fly ash supplied from the same source.
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CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

Coal ash is produced primarily by burning coal in coal fired power stations. Coal ash (CCP) is made
up of two types of ash, referred to as Fly Ash (FA) and Bottom Ash (BA). FA is much lighter and
smaller in particle size, whereas BA is heavy and coarse. The Ash that makes up HA is a blend of
both. The estimated makeup of the Harvested Ash (HA) used in this study is assumed to be 80% Fly
Ash, 20 % Bottom Ash (verbal information provided by Stanwell Corp).

Coal Fired Power Station

Coal mill Boiler Economiser Stack

| Air

~~ preheater Electrostatic
Precipitator
or Bag House

Ash in coal

Econemiser Grits
10-20% 1-5%

" p——l == _—-*+'é?‘=.t@i
I |

Figure 1.1 Coal Fired Power Station schematic (Fly Ash Australia,
<https://flyashaustralia.com.au/WhatlsFlyash.htmllia>,2023)

Figure 1.1 above shows the coal burning process at a coal fired power station. The CCP are
extracted from the system at two separate stages. A portion of the CCP produced at some power
stations is extracted and processed directly for use in varying industries, while the remaining CCP
are then transported to storage facilities, typically Dams or Ponds as the Ash is slurrified at the plant
and then pumped to the landfill storage sites or transported by tipper truck. These Dams are typically
then capped with soil fill and either planted with vegetation or not planted to leave the cap
undisturbed, (Public Works Committee NSW 2021) As an example, the site that was used for this
study, Tarong power station, has an estimated 40 million tonnes in landfill storage comprised of
approximately 80 to 90% FA and 10 to 20 % BA. (Information provided by Stanwell Corp during

sampling)
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Figure 1.2 Image taken while sampling HA at Tarong Power Station showing the surface of the CCP Dam and on right
hand side stockpiled BA.

1.2 THE PROBLEM

Classified FA is used as a supplementary cementitious material in commercial concrete supply as
material to improve the plastic and hardened properties of concrete (ADAA 1991). FA’s use is well
established and it's testing, and minimum performance is detailed in AS/NZS 3582.1:2016
Supplementary cementitious materials Part 1: Fly Ash. Multiple Australian and global standards
specify the use of FA to mitigate the expansion caused by reactive aggregates in concrete.

As Energy generation in Australia and Globally is moving away from Coal Fired power there has
been a reduction in the supply capacities of available FA. Australian Ash production in 2008 was
estimated to be 14.5 million tonnes, dropping to 10.2 million tonnes in 2021. (ADAA, 2014 p12 &
2021 p5) In recent years the reduction was recorded to be 10 per cent per annum, and the rate of
reduction in availability is predicted to increase annually as more coal fired power stations are closed
and renewable energy sources are employed. (ADAA, 2021 p3) Table 1.1 below gives some insight
to the trending of closures globally by region. This data clearly shows the number of Coal Fired
Power Stations on decline, which will contribute to the declining capacity for FA in concrete.



Table 1.1 Record of Coal fired Power Station construction, cancellations, and retirement from operation globally. (Global
Energy Monitor, https:/globalenergymonitor.org/projects/global-coal-plant-tracker/summary-tables/,2023)

Region / Pre- . . Cancelled Retired 2000-
Subregion construction  Construction Shelved Operating 2010-2022 2022
Africa 21 3 18 39 76 2
Northern Africa 0 0 0 4 7 0
Sub-Saharan 21 3 18 35 69 2
Africa
Americas 3 1 4 270 87 345
Latin America
and the 3 1 3 43 41 9
Caribbean
Northern
America 0 0 1 227 46 336
Asia 280 187 95 1,819 1,287 439
Central Asia 4 1 1 25 6 5
Eastern Asia 200 119 35 1,287 527 388
South-eastern
Asia 30 32 39 165 175 3
Southern Asia 34 34 17 304 466 40
Western Asia 12 1 38 113 3
Europe 15 4 310 143 264
Eastern Europe 9 2 190 72 83
Northern 0 0 0 16 12 43
Europe
Southem
Europe 6 2 3 34 33 44
Western Europe 0 70 26 94
Oceania 1 4 20 11 15
Australia and
New Zealand 1 0 3 20 11 15
Melanesia 0 0 1 0 0 0
Global Total 320 195 127 2,458 1,604 1,065

Annually in Australia the construction industry consumes close to 30 million cubic metres of concrete.
To achieve this supply the concrete industry consumes 200 million tonnes of aggregates, both
coarse and fine. (CCAA, 2018) Of these aggregates it is estimated that over 190 million tonnes are
virgin materials supplied by extractive industries and due to this demand, the natural sand and gravel
resources available are depleting and decentralising from metropolitan areas where the material is
required for use. (ADAA, 2021, p3) As each materials in a concrete mix plays a role in and has
influence on the plastic and hardened performance of concrete, it is important to understand any
impact of the substitution of the HA as fine aggregate. Due to the particle size of the Ash, typically
greater than 70 % is finer than 45 um (ADAA, 2014, p55) the impact of this additional fine material
and its characteristics must be assessed against that of a typical fine aggregate.

Currently in Australia there is estimated to be more than 400 million tonnes of HA in storage in

Australia. (ADAA, 2014 p154) This material has potential to be introduced as a replacement for fine



aggregate doubling as a replacement for current FA used as a Supplementary Cementitious
Material. As there is a real and present issue in rehabilitating sites that are current storage facilities
of HA, in terms of cost, resourcing and environmental impact (Public Works Committee NSW 2021)
it is an opportunity to develop a solution to both problems by commercialising the utilisation of
landfilled CCP that is readily available in the region, with large enough quantity to keep up supply for
the increasing demand due to the reduction in Coal Fired Power Generation, giving time for the

industry to determine a long term replacement for FA all together.

1.3 PROJECT AIM

Commercialisation and industrialisation must be established in stages. This study aims to prove that
while the technology is developed for processing of the HA to a dried and powder medium that the
ready-mix supply industry is accustomed to using and has the required infrastructure to handle and
process, there is benefit in the use of HA as a pozzolanic material via fine aggregate replacement.
This is intended to be proven through the trial procedure of comparing the tested properties of the
control mix using only GP cement, against multiple mixes utilising varied percentages of replacement
of fine aggregate with raw HA. This study intends to prove the use of HA in concrete will provide
enhanced hardened properties through the pozzolanic reaction. In addition to this the use of
chemical admixture in conjunction with HA will further enhance the reaction due to the dispersion of
the fine material.

The plastic and hardened properties of 9 different concrete mixes will be tested to confirm the impact
of the addition of the HA to understand the impact of the addition of this material to the concrete.

1.4 OBJECTIVES

Conduct comprehensive literature review on the use of HA as substitute in concrete
Establish research significance.

Develop testing plan and mix trial program to best eliminate as many variables as possible.
Establish mix design and percentage of sand replacement by HA for trials.

Source materials and prepare samples and complete testing.

ok wbh =

Analyse data linking with available literature, draw conclusions, answer initial question, look
for future opportunities.

7. Prepare thesis/ present findings at Project Conference

1.5 ETHICAL RESPONSIBILITY

With any work in the professional environment, it is critical to consider the ethical responsibility of
that work.
If this project is successful, it will offer an opportunity for further and future research into the use of

HA in Concrete. This objective provides all stakeholders at direct or indirect level of involvement a



sustainable solution to what is a global and local issue without any immoral or unethical

implications.



CHAPTER 2: LITERATURE REVIEW

A literature review has been undertaken to identify gaps in current knowledge as well as develop

the background theory, mixture design, and methodology for the project.

2.1 ASHREUSE

Products produced through the burning of coal are known as Coal Combustion Products (CCPs).
ADAA 2014 lists the possible use of CCP as the below:

e Cement/ Concrete industry

e Structural fill

e Flowable fill

o Waste stabilisation

e Agriculture — soil treatment

e Manufacturing

e Ponding or storing

Figure 2.1 Schematic for reuse of CCP options (ADAA 2014 p13)

This project will focus on the Ponded or stored Ash portion, noted as Non-beneficial in Figure 2.1

above, and the validity of extracting and utilising the massive amount of stored Ash.

2.1.1 GLOBAL CCP REUSE

Of the CCP produced Globally only between 50 and 60 % is effectively utilised, feeding the remaining
into storage. It is typical that countries with a larger geographic footprint (more space) and that have
not advanced their energy production away from Coal Fired Power have larger contributions going

to storage facilities.
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Figure 2.2 Global CCP figures of 2013, extracted from ADAA 2014 p11

2.1.2 AUSTRALIAN CCP REUSE

Australia historically has stored greater than 50 % of CCP produced per annum, in some years
close to 80% of CCP produced went to storage, which has results in coal fire power station sites
with massive Ash Dams. (ADAA 2014) Figure 2.3 below shows that as CCP production increased,

use of CCP products trended downwards.
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Figure 2.3 Historical CCP production (ADAA 2014 p12)
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2.2 QUEENSLAND AND AUSTRALIAN STANDARDS

MRTS70 Main Roads Technical Standard for Concrete details that all concrete shall include cements
either produced as blends, Type GB (Blended Cement per AS3972) or blended at a concrete plant
from a silo of Type GP (General Purpose Cement per AS3972) with a silo of either FA or Ground



Granular Blast Furnace Slag (GGBFS) to meet specified minimum percentages as defined in
AS3972 General Purpose and blended cements. Blends either use FA at minimum of 25%
replacement by weight of cement, GGBFS of varying proportions depending on the blend type and
Amorphous Silica Fume (SF), 4% - 8% by weight. This use of blends for all concrete shows that any
infrastructure that is to be constructed will require FA to be built.

SA HB 79:2015-2007 provides the guidance for use of FA for the purpose of mitigating the risks
associated with Aggregate Alkali Reaction AAR and Alkali Silica Reaction ASR.

Assess the

precautionary
START lavals
(Section 1)

Is

required level No Precautionary
of precaution "'Nil'?, measures are

(Table 1.3) required

Yos Y

Evaluate

aggregates

(Section 2)

Is
aggregate
Non-Reactive'?

aggregate
‘Slowly
Reactive'?

Take appropriate
mitigative measures
(Section 3 and
Table 3.1)

Is
aggregate
Reactive'?

Figure 2.4 Flow chart for the review of aggregates and mitigating ASR in concrete (SA HB 79:2015 p5)



Figure 2.5 Table 3.1 referred to in Figure 2.4 regarding the use of SCMs (Supplementary Cementitious Materials) (SA
HB:79 p41)

With the introduction of AS3582.4 — 2022 it is hoped that ready mixed concrete producers will have

accessibility to the use of the abundant stored CCP if research can prove its viability.

2.3 USE OF HARVESTED ASH IN CONCRETE, HA vS POWDER FLY ASH

Stored CCP, as previously mentioned, is made up of both BA and FA. FA has long been extracted
and used in concrete and masonry products, as early in Australia as the 1960’s (ADAA 2009). In
reviewing the literature, we can compare the known use of FA with research into the potential use
of HA.

2.3.1 USE OF CLASSIFIED FLY ASH AS SUPPLEMENTARY CEMENTITIOUS MATERIAL (SCM)

Fly Ash used in concrete is typically Grade 1 as per AS 3582.1 — 2016 Supplementary cementitious
materials Part 1 : Fly Ash. It is a fine powder, limits show that greater than 75% must be finer than
45 microns, delivered to concrete plants via tankers and blown into silos by air pressure. The small
particle size increases available surface area and in turn increases efficiency of pozzolanic reaction.
One of the consistent arguments to the failing of HA as coarse substitute is the limited surface area

and reduced capacity for reaction.



Figure 2.6 Electron microscope image of FA particle (Fly Ash Australia,
<https./flyashaustralia.com.au/WhatlsFlyash.htmllia>,2023)

This introduces the idea of treating as a sand and applying limits of typical fine aggregates to that of
HA, while this may work for such things as the Particle Size Distribution (PSD), however the reality
of the material is that the HA is a conglomerate of very fine particles that have settled and dried
together in comparison to a hardened material that has been broken down into fine grains. When
the HA is introduced to the mixing action of concrete mixing it is expected that the HA will be
pulverised and break down into the finer particles that make up the conglomerate, contributing to the
paste volume of the concrete matrix. When fine aggregates are added they do not break down due
to their strength and there is no difference to the expected water demand, based on their testing,
other than that pre-determined when designing concrete mixes. (Alexander & Mindess 2005 p176-
220)

Haldive & Kambekar (2013) compared both the use of FA and HA, referenced as Pond Ash (PA) in
this paper, with Ordinary Portland Cement (OPC) concrete and combined both types of Ash. The
finding of this study showed that for the chosen source of Ash the 20% HA replacement of sand
resulted in higher compressive strength than 10% replacement of OPC with Fine grade FA, the
ultimate best performance was achieved with 20% FA replacing OPC and 10% replacement of river
sand with HA. As this study was targeting durability through testing with Rapid Chloride Penetration
Test results and water permeability the recorded improved performance related to these values. The
most relevant part of their study was that at 90 days the compressive strength of any of the HA mixes
was considerably higher than the OPC mixes showing the pozzolanic secondary reaction of the

calcium hydroxide produced when the OPC hydrates and the HA reacts from 3-5 days onwards.



2.3.2 USE AS FINE AGGREGATE

Internationally there has been several research projects carried out using both BA and HA as a
substitute in both concrete and mortar research. There does not appear to be a great deal of
research available within Australia. Several of these projects were reviewed to determine the
necessary attributes to be tested of the HA in replacing the fine aggregate.

Andrade et al 2009 completed a study utilising bottom ash as fine aggregate replacement in
concrete and testing the influence on plastic properties. Their focus was on the chemical
composition of the BA relative to the Cement used and the PSD of the BA relative to the sand it

was to replace.

Figure 2.7 PSD f fine materials (Andrade et al 2009)

Figure 2.8 Comparative Analysis of Ash to Cement (Andrade et al 2009)



Another study of BA as a pozzolanic material reviewed the PSD of the BA, but with the focus of
determining three things, the PSD, the median particle size, and the Specific Gravity of the Ash.
(Abdulmatin et al 2018)

Physical properties of materials.

Materials Retained on a No. 325 Specific Median Particle
Sieve (% by weight) Gravity Size, dsg (um)

oPC 16.8 3.14 14.7

5BA 3.7 2.88 4.3

15BA 14.5 2.85 154

25BA 24.0 2.83 24.2

35BA 35.3 2.76 398

45BA 43.7 2.72 723

OBA 96.3 233 400

100
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- ®- ASTM C33 [24]

20

River sand

10 100

Particle Size (mm)

Figure 2.9 Material properties assessed of Bottom Ash used in research (Abdulmatin et al 2018)

2.3.3 PARTICLE SIZE DISTRIBUTION

The typical approach in the research has been to assess the PSD relative to the material that the
HA or BA is substituting to determine the physical comparison in grain size and percentage the
sand it is to replace. Figures 2.10 to 2.13 show the BA to be considerably coarser than FA. FA is
majority passing the 75 micron sieve and none remaining above the 150 micron, whereas the

bottom ash has a particle size ranging up to greater than 4.75 mm.
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Figure 2.12 PSD of different Ash sources used n research (Ankur & Singh 2021)

Lal et al 2019 assessed the available Ash particle size in comparison to the Cement particle
through electron microscopy as detailed in Figure 2.13 below.



Figure 2.13 Comparison of and a) Ash Particle and b) Cement Particle for size and shape under electron microscope (Lal
et al 2019)

Figure 2.14 below details the relationship established between the portion of material retained on
the 0.325mm sieve and the compressive strength of concrete using BA as replacement of fine
sand. This is an interesting assessment of the particle size distribution and presents the
relationship between the fineness of material and the increase in pozzolanic reaction. As the
material is finer it increases the surface area for reaction. (ADAA 2014) states that typically a FA is
smaller than 75 pm. This study chose a much larger aperture to develop the relationship.
(Abdulmatin et al 2018)

120
e (a) Yoy sy ™ -0.51x + 93.59
Yua = -0.61x + 95,83
100 & - o
?._3 90 R S o . e
L L e = e e
3 YN By —
£ 70 = e =g
-
£ 60 ; :
E 50 I I
= - ® BA (This study) : :
= 40 © BA[le6] 1 I
£ Fly ash [38] ] '
% 30 O Fly ash [39] v )
,$' 20 " Fly ash [40] . -
- O  Fly ash [41] ' I
10 Linear (BA) i 1
0 weess Linear (fly ash) ! g
0 5 10 15 20 25 30 35 40 45 S0
Retained on a sieve No. 325 (%)
140
156 (b) Yty asn = ~0.66x + 106.55
120 & Vaa = -0.75x + 102.33
e
<
=
1_
2z <
z
3 [ I
1
ﬁ o0 ® BA (This study) : I
£ 50 © BA[l6] 1 '
Z 40 & Fly ash [38] ! '
B 0 Fly ash [39] - :
z 20 Fly ash [40] ! '
5 “ © Flyash [41] : .
10 —— Linear (BA) I I
o | = Linear (Fly ash) 1 I
0 5 10 15 20 25 30 35 40 45 50

Retained on a sieve No. 325 (%)

Figure 2.14 Relationship between compressive strength and portion of material retained on 0.325 sieve (Abdulmatin et al
2018)



2.4 PROPERTIES OF HARVESTED ASH-BASED CONCRETE.

Various research has been carried out internationally in the use of both BA and PA, as it is referred
to in papers, in this project referred to as HA. There is limited Australian research in the use and
testing of Harvested HA in concrete and the impact on the concrete properties by its introduction and

substitution.

2.4.1 WORKABILITY LOSS DUE TO INCREASED WATER DEMAND

The workability loss in concrete utilising Ash is reported in numerous research programs. Different
Ash sources have differing levels of porosity and water absorption. These characteristics, along
with particle shape are noted to be the most common issue causing reduced workability as the
percentage of HA replacement increases.

Figure 2.15 below shows the recorded workability (slump) loss as the percentage of HA increases
in a C-25 concrete mix of fixed water content. It is reportedly due to the material’'s water

absorption. (Yimam et al 2021)

Observed slump value
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Figure 2.15 Workability loss recorded (Yimam et al 2021)
2.4.2 ADMIXTURE ADDITION

Shrikant M. Harle’s research published in 2019 trialled various admixture types with use of PA in
Concrete. The research found that using a Napthelene based High Range Water Reducer to

increase the workability resulted in a lower compressive strength. The water in these mixes was
not restricted and for this reason it appears that the strength decreased s both the admixture and

water content were responsible for the increase in workability.



Figure 2.16 Compressive strength results using Naphthalene HWR to improve workability (Harle 2019)
2.4.2.1 DISPERSION DUE TO ADMIXTURE ADDITION

The formation of hydration products that coat the external surface of cement particles will quickly
reduce workability in concrete and these hydration products are generated at the time that the
cement is combined with the mixing water (Hewlitt &Liska, 2019). The function that is performed by
admixtures is that they coat the cement particle for a period that delays the development of the
hydration products, releasing the water from being locked in early for hydration and improving
workability until the saturation of the admixture is worn off. Once the admixture has worn off, the
water then coats the particle and begins hydration. As the water has been allowed access to
greater surfacer area the hydration is more effective so the use of admixtures can produce higher

compressive strength for the same w/c ratio (Neville, 2012)(Hewlitt & Liska, 2019).



Figure 2.17 Suggested adsorption of polycarboxylate-ether admixtures resulting in particle dispersion (Hewlitt & Liska,
2019 p661)

2.4.3 BLEEDING IN PLASTIC CONCRETE

Bleeding of concrete is effectively the settling of the concrete in place prior to the concrete setting
(Neville, 2012). As the water is the mix constituent with the lightest specific gravity of all the
materials in the concrete mix, it rises to the surface as this occurs. This water is then known as the
bleed water. As the total free water content increases, the likelihood for increased bleeding of
plastic concrete occurs. The likelihood of the bleed percentage of total water added to increase in
influenced by the amount of hydraulic binder in the concrete mix. (Neville 2012, p207-209)
(Andrade et al 2009) found that as the BA percentage of replacement increased, the total water
increased, and as a result the recorded bleed increased relative to the BA inclusion. Figure 2.19
below shows the relationship established in their study.



Figure 2.18 Plot of bleed water vs bottom ash percentage from (Andrade et al, 2009)

2.4.4 COMPRESSIVE STRENGTH AND THE POZZOLANIC REACTION

The compressive strength of concrete is developed due to the hydration of cement. In this project
we are relying on the pozzolanic reaction of the HA to occur to improve the compressive strength

of the concrete to counteract the additional water required to be in the concrete.

2.4.4.1 COMPRESSIVE STRENGTH

(Andrade et al 2009) explored the use of BA in concrete and states the as the BA percentage
increased there was significant loss in compressive strength due to the increased water content.
This study allowed the total water to binder ratio to increase and varied the amount of cement,
water and BA used. Figure 2.20 below shows the variability in cementitious, water and all other
materials across the mixes. As well as this, the BA is considerably coarser and said to be less

reactive due to limited surface area when compared with FA finer than 75 um. (Neville, 2012).

Concrete Mix proportion (kg/m?) Fresh density (kg/m®) BA moisture (X)* Compressive strength (MPa)
Cement Sand BA Cravel Water 3Idays 28 days 90 days

0% CRT 304 912 0 BO6 219 2238 - 159 284 320
25X CRT3 305 686 145 BOS 277 2177 50.0 125 232 257
50% CRT3 301 452 287 798 336 2090 50.0 a9 180 230
75X CRT3 295 221 42 782 373 1964 520 63 115 149
100% (RT3 299 (1] 570 792 378 1869 57.0 42 86 125
25% CRT4 i3 727 103 B56 245 2220 50.0 195 272 32.1
50% CRT4 334 501 212 B85 272 2138 50.0 170 285 359
75X CRT4 356 267 340 943 303 2109 50.0 16.1 26.1 327
100% CRT4 386 (1] 441 1023 323 2040 67.0 212 326 384

Figure 2.19 Mix details and compressive strength results for Andrade's study using bottom ash in 2019.

Yimam ‘s study in 2021 using pond ash in C25 concrete up to a replacement of 30 % found that
the compressive strength increased at 5 and 10 % replacement but higher than this the strength

was lower than the control, as is shown in Figure 2.21 below.
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Figure 2.20 Compressive strength vs replacement percentage of Pond Ash from Yimam et al 2021

2.4.4.2 POZZOLANIC REACTION AND QUANTIFICATION OF EFFICIENCY

Key to this project is to determine if the harvested ash in its raw state can achieve a pozzolanic
reaction and we are able to quantify this reaction. To understand how best to do this we need to be
able to define the pozzolanic reaction and determine the method for quantification.

2.4.4.2.1 POZZOLANIC REACTION

Hewlitt & Liska 2019 define pozzolanic activity as any reaction taking place between the active
constituents, being pozzolanic materials, lime and water. There are typically two methods to test
for this reaction, to test the lime present before and after the reaction, chemical analysis, or to
determine the increase in formation of alumina-silicate through the hydration process, determine
the increase in compressive strength (Hewlett & Liska, 2019).

2.4.4.2.2 QUANTIFICATION OF EFFICIENCY

AS 3583.6-2018 Methods of test for supplementary cementitious materials; method 6:
determination of relative water requirement and strength index, provides the framework for testing
the efficiency of fly ash as a supplementary cementitious material. Control samples are cast using
GP cement only and substitution of this cement is then made with fly ash to determine the

comparative performance of the ash with the same content of GP cement.

2.4.5 TENSILE STRENGTH

The tensile strength of concrete is proportionately very low relative to the compressive strength of
concrete. This is partially due to the make-up of the matrix of concrete, there are larger and smaller
particles of hard material held together with binder levels of varying thickness and varying strength

individually relative to the particles bonded. Concrete also contains pores and voids, microcracking



and weak particles being commonplace. This results in uneven stress distribution across a section
when the concrete undergoes tension and the result of testing is reflective of the weakest point that

has undergone concentrated stress (Neville 2009 p291)
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Figure 2.21 Splitting Tensile Strength results using Coal Bottom Ash as sand with and without admixture (Singh &
Siddique 2021)

Singh & Siddique’s research from 2013, shown in Figure 2.22 above, found that with only water the
tensile strength dropped, however with the introduction of admixture and BA substitution the

Tensile Splitting Strength improved.

2.4.6 MASS PER UNIT VOLUME, DRY DENSITY OF HARDENED CONCRETE

Density or Mass per Unit volume of concrete is the theoretical sum of all ingredients in the
concrete. (Neville 2009 p 186) This does not include air voids and because of this the yield of a
concrete mix is determined. AS it is a sum of materials, the more materials with lower specific
gravity introduced to the mix, the more the dry density will reduce. As HA has a specific gravity
between 1.9 and 2.1 (ADAA 2014), the higher percentage of addition is expected to see the lowest
dry concrete density per cubic metre.

Yimam et al's findings were in line with this, as they increased the substitution of pond ash in their
C25 concrete, they found that the dry density, or as they refer to it, unit weight in kg/m?® decreased

as shown in Figure 2.23 below.
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Figure 2.22 Density vs Pond Ash replacement in C25 Concrete (Yimam et al, 2021)
2.4.7 FLEXURAL STRENGTH

As the flexural strength is assumed to be proportionately relative to the compressive strength of
concrete it is widely assumed that any factors impacting the compressive strength will have the
same impact on the flexural strength. (Neville 2014 p286 — 289)

There are however several properties in concrete that can impact the flexural strength of concrete
more so than the compressive strength, such as aggregate selection and minerology, aggregate
bond to paste, external and internal factors, aggregate shape and interlock, mix design and a
multitude of other parameters (C&CI 2009, p97 — 105)

Muthusamy’s 2020 study found that the substitution of BA for fine aggregate resulted in lower
flexural strengths than the control mix. This study maintained a fixed GP content and added the BA
as replacement of fine aggregate while fixing the water content. This model is similar to the
approach this study will take, by fixing the GP content and maintaining coarse aggregate content
for each mix. The flexural testing results of Muthusamy’s 2020 research are shown in Figure 2.24

below.
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Figure 2.23 Muthusamy’s 2020 Flexural testing results showing the reduction of strength based on BA substitution.

Ankur & Singh 2021 also found from their research into the use of Coal BA in Mortars that the
increase in addition of Ash replacement results in a reduced performance in flexural strength.
Figure 2.25 below shows the plot results of reinforced concrete beams cast with various
percentages of BA as both fine and coarse aggregate substitution. The study found that the
concrete using BA was comparable to the performance of the control concrete. (Nasrudin et al
2022)
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Figure 2.24 Plotted results of reinforced concrete beams placed into bending via a point bending test (Nasrudin et al
2022)

2.4.8 DRYING SHRINKAGE

Shrinkage characteristics in concrete consists of reversible and irreversible types. Drying shrinkage
is largely irreversible and is caused by the moisture loss of the concrete as it ages. (C&CI 2009,

p132) Figure 2.26 below shows the impact of drying of concrete on the overall deformation as the



concrete ages. The drying range is the measurement taken here to determine the deformation due

to drying shrinkage.
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Figure 2.25 Shrinkage in concrete when considering reversible and irreversible drying (C&CI 2009)

Research using the substitution of BA for fine aggregate found that with the control of the Water /
Cement ratio, varying substitution amounts of the BA yielded improvement in drying shrinkage,
however with using the slump as control and not limiting the water, the drying shrinkage of the
same substitution amounts increased the drying shrinkage relative to the control. (Muthusamy et al
2020)



2.5 COARSE AGGREGATE SELECTION

Commercial concrete supply uses crushed coarse aggregate that is typically sourced from the
closest available hard rock quarry. The aggregates chosen must comply with the requirements
outlined in AS 2758.1 Aggregates and rock for engineering purposes — Concrete Aggregates, so that
the concrete manufacturer can comply with AS 1379 -2007 Specification and Supply of Concrete.
The aggregates chosen for this project will be a metagreywacke that is common to all major concrete
suppliers in the greater Brisbane region. The effects of aggregate variability will be controlled by
sampling all the aggregate at one time. This maintains the coarse aggregate as a constant as much
a is feasible for the research.

The coarse aggregates used in previous research substituting the Harvested Ash as fine
aggregates make use of locally sourced crushed aggregates or gravels. (Shrikanth et al 2020)
(Haldive and Kambekar 2 2013) (Muthusamy et al 2020) (Abdulmatin et al 2018) (Nasrudin et al
2022)

2.6 RESEARCH GAP

In completing the literature review it became clear that there was limited local published research in
the reuse of HA in concrete. It is also apparent that research into HA reuse in general is limited at
Australian level, that is public and available works for review. It is mentioned when speaking in
industry that a number of commercial entities have looked at research but no publication of results

has been carried out and no trace of this research is available for review.



CHAPTER 3: METHODOLOGY

3.1 EXPERIMENTAL MODEL AND DESIGN MIx

The purpose of these trials is to determine that the HA undergoes a quantifiable pozzolanic
reaction. To do this we must first establish a way to control other factors that could interfere with

the results and develop our constant and controls.

3.1.1 CONTROL MIX AND CONSTANTS

The control mix has no HA addition, it does have admixture addition and shows us the expected
maximum strength contribution due to the GP Content at 0.45 Water / Cement Ratio, which is 0.41
Effective Water/GP ratio.

The GP cement content is fixed at 400 kg per m® and the water /GP ratio shall remain higher than
the control for all other mixes. This is deliberate so that the decrease in water cement ratio cannot
be influencing any increase in strength.

As the Water / Cement ratio increases it is expected that the early age strength, which is
contributed to only by the GP, will decrease and this will enable extrapolation of expected strength

contribution from only the GP in the mix, this is explained in Figure 3.1 below.
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Figure 3.1 W/C ratio impact on strength (Neville,2012 p273)

The extrapolation will be based on the strength development of the control mix and determination
of growth factors to understand the strength development in stages from 3 day to 7, 28 and 56 day
compressive strength. Figure 3.2 below shows the strength development of GP only control mix to

be used when calculating the developed strength of the GP portion of binder in mixes 2 through to

9 of trials.



Strength development reference curve for GP
cement only

60

= 46.75 48
a 50
> ©
= 37.5
< 40
&
3 30,
v 30
g
Z -0 %
2 20
E’ 1
o 10
O

0

0 10 20 30 40 50 60
Age (Days)

Figure 3.2 GP Cement reference curve for strength extrapolation
3.1.2 COARSE AGGREGATES

The aggregates chosen for this project will be a metagreywacke that is common to all major concrete
suppliers in the greater Brisbane region. The aggregates will be prepared and sampled by
construction sciences laboratory and conditioned as per AS1012.2-2014. The design mix will
maintain a fixed coarse aggregate content for all mixes, and these will all be obtained and

conditioned form one sample, this is intended to remove coarse aggregate influence as a variable.

3.2 HARVESTED ASH TESTING FOR FINE AGGREGATE PROPERTIES

Based on the literature the common testing carried out on the Ash consists of Particle size
distribution, Particle density and water absorption. These tests will be completed on the HA to
determine the adjustments required for each mix design step.

3.2.1 PARTICLE SIZE DISTRIBUTION/ SIEVE ANALYSIS

The Particle Size Distribution (PSD) is not related to the replacement of the fine aggregate, the
fineness of the material will be quite different to the fine aggregate it will be replacing, however it is
important to understand the amount passing the 75 um sieve as this is defined as the Fly Ash portion
of the HA, and the increased fines content will impact the water demand of the concrete mix, so this

information will be utilised in determining the design mixes.

3.2.1.1 TEST METHOD

The steps for completing the testing are as follows:

e Dry the material to be sieved until all moisture is removed.



e Stack all the sieves with the sieve having the largest aperture on the top to the smallest
aperture on the bottom.

e Place known mass of dried material in top sieve.

e Shake manually or use vibrating table to shake material through sieves.

¢ Do not force the material.

e Remove sieve and weigh mass remaining on each sieve and the mass in the bottom pan,
ie passing 75 ym.

¢ Report weights retained on each sieve.

e Repeat procedure to confirm.

3.2.2 PARTICLE DENSITY AND WATER ABSORPTION OF FINE AGGREGATE

It is critical to know the particle density of the HA to be able to yield the mix correctly and be sure
the designed quantity is being weighed. As well as the importance of the density is the water
absorption of the material. This will impact the water demand of any concrete that is to be made
using the material and whether the HA will retain the water or release it as bleed during plastic
state. As well as this there are specified limits for water absorption for aggregate use, while there is
no limits for Ash, or pozzolanic material, it will show risk if the water absorption is too high, above

2.5 % as an example.

3.2.2.1 TEST METHOD

The test method is as follows:

e Weigh a portion of the fine aggregate, at least 500 g.

e Sieve through a 4.75 mm sieve if needs be.

e Soak the test sample in water for at least 24 h, be sure to tap the sample to get all bubbles
out.

e Drain the water and lay the material out to dry

e Dry to saturated surface dry condition SSD, this is tested with a small cone, tamp into the
cone and ensure the cone of material slumps, if it holds its shape it is too wet, if it
completely collapses it is too dry.

e Once at SSD, weigh the sample.

e Place sample into volumetric flask and fill to 500 ml

e Weigh the flask and contents. m3

¢ Remove fine aggregate from flask and place in a dish.

e Dry the aggregate out completely and weigh the sample m;

e Fill the flask with water and weigh my

e Perform below calculations.



3.3 FRESH CONCRETE TESTING:

Fresh concrete testing is the type of testing that is carried out on the concrete to evaluate
comparative properties while it is still plastic. While concrete is used for its hardened properties,
the quality of the concrete while in its plastic state is critical to determine whether it is feasible for

use in construction. The two initial parameters that have been chosen are slump and the bleed.

3.3.1 SLump

The slump test originated before electronic batch systems now employed by ready mix suppliers. It
was designed to measure the consistency of loads produced s the mix design being the same, it
was assumed that a similar water content would be required to maintain the same slump from load
to load of the same design mix. It is still used as a measure of consistency and typically quoted as
a measure of workability. It is a relatively simple result that has a common level of understanding

throughout the concrete and construction industry.

3.3.1.1 TEST METHOD

To Carry out a slump test there will need to be a slump cone, slump tray / board and a tamping
rod. Slump cone dimensions are provided in Figure 3.3 below.
The steps for casting a slump test are as follows:
¢ Place the slump cone on the board with the large diameter end down.
e Fill the cone in three layers of equal depth, rodding each layer 25 times without touching
the board below.
¢ Once the top layer has been rodded, flatten the top of the concrete to the top of the cone.
o Lift the cone off the concrete in 3 +/- 1 seconds, being sure to move smoothly and not in a
jerky fashion.
¢ Invert the cone and stand next to the concrete, place the rod across the top of the inverted
cone to establish a level surface at the height of the cone.
¢ Measure with a rule from the bottom of the rod to the top of the concrete, measure in three

heights and take the average.
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Figure 3.3 Slump cone dimensions as detailed in AS 1012.3.1 - 2014 p4.
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Figure 3.4 Types of slump failure, AS1012.3.1 - 2014 p6
3.3.2 OBSERVED BLEED

This test is a visual test only and is to establish if the concrete bleeds out an excessive amount of
the free water after sitting for the first 60 minutes following completion of sampling all of the tests.
If concrete bleeds excessively it can lead to surface issues and difficulty in the finishing of the
placed concrete.

As some of the mixes will contain a large amount of water it needs to be determined if the concrete

will contain and consume that water or will release and allow the water to bleed out of the surface.

3.4 HARDENED CONCRETE TESTING:

The stages involved in the testing of the concrete include the following:
e Mixing trial mix as per AS1012.2-2014
o Test the plastic properties of each mix as follows:
o Slump AS1012.3.1 - 2014
o Visible bleed
e Sample for the following hardened properties:
o Compressive strength; AS1012.8.1-2014
o Indirect tensile strength; AS1012.8.1-2014
o Flexural strength; AS1012.8.2-2014
o Drying shrinkage AS1012.13-2015



e The following day, demould specimens, labelled and place in curing tanks.

3.4.1 COMPRESSIVE STRENGTH

The most common test carried out for compliance of concrete. Cylinders are cast from the fresh
concrete in calibrated moulds which are checked for their diameter, height and square. They are to
be 200 mm high and 100 mm diameter. Once they are hardened, after a minimum of 18 hours and
no more than 24 hours, they are placed in lime saturated curing tanks that are kept at controlled
temperature ranges depending on the region of Australia they are in. They are then taken from the
tank when required to be crushed. The ends of cylinders are either ground or capped using rubber
or sulphur so they are square to the platens and loaded at a controlled load rate until they fail
under compression. This result is then transferred from kN of load to MPa based on standard
calculations provided in AS 1012.9:2014.

3.4.1.1 CASTING SPECIMENS AS1012.8.1-2014

The steps for casting cylinders are as follows:

e Prepare cylinder moulds by cleaning, ensuring they are adequately labelled or tagged and
oiled.

¢ When filling 100mm diameter moulds fill in two equal layers.

e If compacting by rod it is 25 strokes per layer, if compacting with vibrating table, then
vibrate until no air is released from concrete.

e After compacting the top layer, trowel off the top surface flat with the top of the mould.

e Ensure caps are placed on cylinders and cylinders are placed in safe level position for
overnight storage.

Figure 4.27, Figure 4.28 and Figure 4.29 are examples of this occurring in stages.

3.4.1.2 TESTING SPECIMENS AS1012.9 —2014

The steps for testing the specimens at the correct age are as follows:
e Cylinders are capped or ground.
e Placed in the jig of the compression machine, his is to hold the cylinder in location while
loading occurs. The cylinder should be in a standing position.
e Load the cylinder in compression at the load rate specified in AS 1012.9.
e Continue to load until the cylinder fails.

e Record the KN of load required, this will be converted to N/'mm?, or Pa and MPa.

3.4.2 INDIRECT TENSILE TESTING

Indirect tensile testing is carried out to determine the horizontal tensile capacity of the concrete
when the concrete is vertically loaded in crushing. This loading causes the cylinder to split, hence

the common name of ‘splitting test’. For this the standard compressive test cylinder is laid on its



side in a specific testing jig to be loaded with the compression machine. See Figure 3.5 below for

jig set up.

3.4.2.1 CASTING SPECIMENS AS1012.8.1-2014

The steps for casting cylinders are as follows:

Prepare cylinder moulds by cleaning, ensuring they are adequately labelled or tagged and
oiled.

When filling 100mm diameter moulds fill in two equal layers.

If compacting by rod it is 25 strokes per layer, if compacting with vibrating table, then
vibrate until no air is released from concrete.

After compacting the top layer, trowel off the top surface flat with the top of the mould.
Ensure caps are placed on cylinders and cylinders are placed in safe level position for

overnight storage.

3.4.2.2 TESTING SPECIMENS

Cylinder is placed in the jig of the compression machine, see Figure 3.5 below, this is to
hold the cylinder in location while loading occurs. The cylinder should be in a laying on its
side position.

Load the cylinder in compression at the load rate specified.

Continue to load until the cylinder fails by splitting.

Record the KN of load required, this will be converted to N/mm?, or Pa and MPa.



Figure 3.5 Indirect tensile or splitting strength testing jig set up.
3.4.3 FLEXURAL STRENGTH TESTING

Flexural strength testing is used to determine the strength capacity of concrete in the tensile chord

generated when the concrete is loaded in bending.

3.4.3.1 CASTING SPECIMENS

The steps for casting beams are as follows:

e Prepare beam moulds by cleaning, ensuring they are adequately labelled or tagged and
oiled.

¢ When filling moulds fill in two equal layers.

e If compacting by rod it is 25 strokes per layer, if compacting with vibrating table, then
vibrate until no air is released from concrete.

e After compacting the top layer, trowel off the top surface flat with the top of the mould.

e Ensure lids are placed on cylinders and cylinders are placed in safe level position for

overnight storage.

3.4.3.2 TESTING SPECIMENS

The testing of the concrete beams for flexural strength is carried out by placing the beams in a jig
that has four rollers, two top, and two bottom. These rollers are not in alignment, the top two are
centrally placed and the bottom two are aligned to be outside of the top. The concrete beam is then



loaded by applying force to the top rollers in controlled loading rates until the beam fails in tension

due to bending.

Figure 3.6 Testing set up for flexural testing of specimens, image taken from AS1012.11:2000.

3.4.4 DRYING SHRINKAGE

For the measurement of drying shrinkage 3 prisms of equal proportion are cast. The moulds for

shrinkage casting have three chambers, in the ends of them they have metal pins that will form the

end points that are measured for their change in dimension. These measurements are then taken

by a length comparator at given test ages.

3.4.4.1 CASTING SPECIMENS

The steps for casting cylinders are as follows:

Prepare moulds by cleaning, ensuring they are adequately labelled or tagged and oiled.
Ensure the pin assembly is correctly put together on ends of moulds.

When filling moulds fill in two equal layers.

If compacting by rod it is 25 strokes per layer, if compacting with vibrating table, then
vibrate until no air is released from concrete.

After compacting the top layer, trowel off the top surface flat with the top of the mould.

Ensure moulds are placed in safe level position for overnight storage.

3.4.4.2 TESTING SPECIMENS

Specimens are left overnight then demoulded and labelled.
Specimens are then placed in shrinkage room.

Initial measurement of the prisms are then taken with vernier callipers at 7 days.



e Further measurements are taken of the three prisms at 7, 14, 28 and 56 days from initial
reading, so 63 days from casting.

e Each reading is an average of the three prisms.
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Figure 3.7 Shrinkage comparator set up taken from AS1012.13:2015.




CHAPTER 4: EXPERIMENTAL INVESTIGATION

In this chapter we discuss the materials collected and used, the mixing and testing methods used

and the experimental procedure that was carried out compared with the programmed experiment.

4.1 MATERIALS

The materials used for the concrete trials were sourced from company representatives in support
of the research and the potential positive outcome it may provide for the concrete industry in the
future. | am fortunate to have relationships and experience in the materials supply sector. These
materials were supplied with approval of organisations that employ the representatives in support

of the research.

4.1.1 CEMENT

The cement used was supplied by Sunstate Cement. The chosen Cement is General Purpose
Cement which is milled with up to 7.5% lime addition as per AS 3972 General purpose and

blended cements.

Figure 4.1 Cement used, Sunstate General Purpose Cement

4.1.2 COARSE AGGREGATE

Commercial concrete supply uses crushed coarse aggregate that is typically sourced from the
closest available hard rock quarry. The aggregates chosen must comply with the requirements
outlined in AS 2758.1 Aggregates and rock for engineering purposes — Concrete Aggregates, so that
the concrete manufacturer can comply with AS 1379 -2007 Specification and Supply of Concrete.

The Coarse aggregates chosen for this project will be a metagreywacke that is common to all major

concrete suppliers in the Brisbane district. The effects of aggregate variability will be controlled by



sampling all the aggregate at one time. Then the aggregates will be prepared by construction
sciences laboratory and conditioned as per AS1012.2-2014 Preparing concrete mixes in the
laboratory

Figure 4.3 Coarse aggregate used, 10mm maximum.

4.1.3 Fine aggregates

The fine aggregates used are again a combination of typical fine aggregates in commercial use
locally. The fine aggregates are made up of fine sand and coarse sand. In this case the fine sand is
a natural sand extracted from Moreton Bay by dredge. The coarse sand is a manufactured sand



produced at the same hard rock quarry that produces the 20mm and 10mm coarse aggregate. The
manufactured sand is a processed by product of the crushing process and is used by almost all
concrete suppliers in Southeast Queensland region.

oL T

Figure 4.4 Coarse Sand used, Manufactured sand of the same source as the coarse aggregate.

Figure 4.5 Fine sand used; natural sand sourced from Moreton Bay.



4.1.4 ADMIXTURE AND WATER

The admixture chosen was Sikaplast 3 in 1 mid-range water reducer. Water reducing admixtures
work through dispersing the fine particles and achieving higher efficiency in hydration reaction by
increasing the available surface area of the cement particles to water. (Neville 2011, p254-255) This
admixture was chosen as it is a scalable from water reducer, 5 to 10% water reduction properties,
to high range water reducer providing over 25% water reduction properties. As slump was a key
control measure, with the unknown effect of the varied addition of the Harvested Ash on the slump,
it was critical to have the ability to control excessive water addition and achieve the desired plastic
properties.

The water used was potable tap water to remove level of impurities. In concrete production recycled
plant water is commonly used which has specified limits for dissolved solids and other impurities set
out in AS 1379.

As is typical for trial methodology the admixture is measured and added to the total batch water to
disperse in the water and then the water is added to the batch as detailed in AS1012.2-2014.
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Figure 4.6 Water and admixture being added to mixer.
4.1.5 HARVESTED ASH

The Harvested Ash used was sampled directly from the Ash Dam at Tarong Power Station. This was
assisted by the Stanwell Coal Combustion Products division in support of the research. Images of

Harvested Ash provided below.



Figure 4.7 Harvested Ash

Figure 4.8 Harvested Ash



Figure 4.9 Harvested Ash in the mixer.

4.2 MIX DESIGN

This section details the development of the mix designs for the trial’s particle size distribution (PSD
or grading) of design mix and impact on water.

As the HA is being substituted for the fine aggregate fraction it is important to understand the
implications on the combined grading of each mix and what that looks like as the substitution
varies. As the ash is very fine it is expected that as the substitution increases and the amount of
fine material increases each mix will require more water to achieve the design slump.(Neville,
2012) As slump is the key control measure throughout the mixing of each batch it is important to
pre-determine how the changes in mix design are expected to impact the slump, so as to account
for mix design adjustments at each stage of substitution.

4.2.1 STEPS FOLLOWED TO DEVELOP MIX

The steps followed to develop the mix are based on prior experience in determining a suitable 40
MPa concrete mix. Having worked with this material set designing mixes for a period of over 15
years, the base knowledge of the mix skeleton was already established. However, the steps taken
to develop this mix follow the below outline:

e Determine strength required, from this Cementitious content and W/C ratio,

e Determine Coarse aggregate content,

e Establish the best ratio of fine to coarse sand to be used,



e Sum the volume of Cementitious, water and Coarse aggregate, taking that volume from
1000 L, the resulting volume becomes the volume of fine aggregate and air.
e Then to determine the additional variations, the fine to coarse sand ratio was kept constant

and each iteration of substitution was made by percentage of volume.

4.2.2 MATERIAL PARTICLE SIZE DISTRIBUTIONS

Each aggregate material is assessed and tested for PSD as a measure of compliance with a
specified limit of variance. This is to comply with Australian Standard 2758.1 and to ensure
consistency in concrete produced by suppliers as the combined grading of all the materials has an
impact on the plastic and hardened performance. AS 2758.1 has general limitations for the grading
of each material but is more focused on the deviation from initial grading produced, hence is more
focused on control of consistent material rather than specifying tight boundaries to produce
aggregate. (Standards Australia 2014, p8).

Testing of the PSD was carried out for all the aggregates used in the mix to allow the combined
grading of each proposed substitution to be determined.

The PSD of each material is detailed in Figures 4.10 to 4.14 below. Figure 4.15 provides a
comparison of the three fine aggregates to be used in the mix designs, showing the difference in

fine material percentage content of each of the three.

Coarse aggregate PSD 100 100

tage passing (%)

(¥
(¥
P

Figure 4.10 20mm Coarse aggregate PSD.
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Figure 4.13 Fine sand PSD.




Fine aggregate PSD

Sieve Size (mm)

).425 0.60 118 2.36 475 a5 13.2 19.

Peercentage passing (%)

98 98 98 100 100 100 100 100 100 100 100 100
o o o = 100
30
73 80
—_——| ted Dam Ash
20
10
0.075 0.150 0.300 0425 0.60 1.18 2.36 4.75 9.5 13.2 19.0 37.5
Sieve Size (mm)
Figure 4.14 Harvested HA PSD.
Fine aggregate PSD
o8 a8 - 100 100 100 100 100 100 100 100 100
o 100

Figure 4.15 Comparison between the fine aggregates PSD.

4.2.3 COMBINED GRADING

The combined grading is assessed by determining the total volume of aggregate in the proposed

mix, applying the PSD values tested to each aggregate as a portion of that total volume and then

summing for each sieve size to determine the percentage passing for each sieve based on their

combination.
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Figure 4.16 Combined grading of the control mix.

In some cases, the combined grading is used to determine the suitability of a mix for use
(Heineman & Laska, 2019), however, in this case we are not determining the suitability, rather the

expected impact on plastic properties as the percentage of fine material increases.

4.2.3.1 COMPARISON OF EACH SUBSTITUTION PERCENTAGE WITH REGARD TO COMBINED GRADING

When reviewing the combined grading for this experiment, the most critical point to note is the
change in the amount of fine material and the ‘shift’ towards an excess of material passing the
smaller sieve sizes, particularly the 600 um and below as these are the indicators for increased
water demand in the concrete mix.

Figure 4.17 below shows the combined gradings of the control vs the four different volumetric
substitution levels used in the experiment. On review the percentage passing each sieve below the
600 um has a higher percentage passing than the previous substation level. This is due to the
fineness of the HA.

Figure 4.17 Comparison of all mix substitutions showing increase in fineness of combined grading.



4.2.4 WATER DEMAND AS FINE PERCENTAGE INCREASES

There is a relationship between fine aggregate content and water demand (Neville, 2012) as the
portion of fine material increases, specifically the material finer than 0.15 mm the need for
increasing the design water occurs due to the increase in particle surface area. This increase
dictates the need for more paste volume to lubricate the concrete in its plastic state, to maintain the
expected workability (Neville, 2012).

Table 4.1 PSD of all mixes using volumetric substitution of fine aggregates showing percentage passing.

Particle Size Distribution of mixes established using volumetric substitution of fine

aggregates (% passing)

Mi.x' 375|265 | 190 | 132 | 95| 475 | 236 | 1.18 | 0.600 | 0425 | 0.300 | 0.150 | 0.075
Description
Control Mix | 100 | 100 | 99 80 | 65| 49 44 36 33 27 23 5 4
6%

o 100 | 100 | 98 80 | 64 | 48 43 36 32 27 24 8 6
Substitution

11%

o 100 | 100 | 98 79 | 63 | 46 42 35 32 28 24 10 8
Substitution

17%

o 100 | 100 | 98 79 | 62 | 45 41 35 33 29 26 13 10
Substitution

22%

o 100 | 100 | 98 78 | 61 | 44 40 35 33 29 27 15 12
Substitution

Table 4.2 PSD of all mixes using volumetric substitution of fine aggregates showing weights passing.

Particle Size Distribution of mixes established using volumetric substitution of fine

aggregates (assumed weights for each sieve passing kg)
Mix

L 375 | 265 | 190 | 13.2 9.5 475 | 236 | 1.18 | 0.600 | 0.425 | 0.300 | 0.150 | 0.075
Description

Control Mix 28 | 343 | 298 | 201 | 94 | 104 | 145 | 66 | 102 | 75 | 330 | 22 77

6%

b 28 | 343 | 208 | 200 | 94 | 95 | 132 | 59 | 91 | 67 | 291 | 29 | 100
Substitution
1% 28 | 343 | 208 | 199 | 94 | 85 | 118 | 52 | 80 | 58 | 252 | 36 | 123
Substitution
17% 28 | 343 | 208 | 198 | 94 | 76 | 105 | 46 | 71 | 51 | 221 | 44 | 145
Substitution
22% 28 | 343 | 208 | 197 | 94 | 67 | 92 | 390 | 62 | 43 | 189 | 51 | 167
Substitution

4.3 FINAL MIX DESIGNS.

The mix design details for the trial mixes are detailed below in Table 4.3 below.



Table 4.3 Mix design summary, design details are yielded to 1 cubic metre and cell values refer to Saturated Surface Dry
(SSD) condition in kg/m3.

Chg:thrll Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 Mix 8 Mix 9

GP 400kg | 400kg | 400kg | 400kg | 400 kg | 400kg | 400kg | 400kg | 400 kg
20mmAgg | 700kg | 700kg | 700kg | 700kg | 700kg | 700kg | 700kg | 700kg | 700 kg
10mm Agg 300kg | 300kg | 300kg | 300kg | 300kg | 300kg | 300kg | 300kg | 300 kg
Man Sand 442kg | 398kg | 352kg | 308kg | 264 kg | 398kg | 352kg | 308 kg | 264 kg
Fine Sand 447kg | 394kg | 340kg | 298kg | 255kg | 394 kg | 340kg | 298 kg | 255 kg

Material

HA 0 39kg | 78kg | 117kg | 155kg | 39kg | 78kg | 117kg | 155kg
Admix - - - - - 12L [ 12L [ 121 | 12L
Water 180L | 210L | 240L | 260L | 280L | 210L | 240L | 260L | 280L

4 4 MATERIAL PREPARATION AND CONDITIONING

All materials were prepared, conditioned, tested for moisture content and weighed in batch lots by
Construction Sciences in line with their procedures and AS1012.2 — 2014 Methods of testing

concrete — Preparing concrete mixes in the laboratory requirements.

4.5 TESTING OF CONCRETE

The experiment will involve two types of testing of the concrete, fresh concrete or plastic testing
and hardened concrete testing. These tests are typically used in evaluating the performance and
compliance of concrete in both the laboratory and field and provide us with the ability to evaluate

the influence of HA on the concrete’s performance in entirety.

4.5.1 FRESH CONCRETE TESTING

The two fresh concrete tests completed were the slump, which is critical as it is the control

measure of consistency of the concrete.

45.1.1 SLump

The visual determination of the slump is the difficult part of this experiment, and it is quite easy to
go over the desired slump if water addition or admixture addition is not allowed to effectively mix
through and ‘wet out’ concrete completely before further addition. The characteristics of mixes with
different cementitious make-up can be quite different to ‘read’ also. For example, mixes using only
GP cement are not typically used in practise in Southeast Queensland, the paste of this type of mix
is more cohesive than a mix using fly ash in addition as the fly ash particle is spherical and
provides a ball-bearing effect, having a smoother paste. These small differences and tendencies
for different behaviour in each mix composition provide challenges in achieving the same slump
each time.

It is for this reason AS 1379-2007 specifies the slump with a tolerance range, in the case of this

experiment the target slump is 120 mm +/- 30 mm.



TABLE 5.1
PERMISSIBLE TOLERANCE ON SLUMP

Specified slump, mm

Tolerance, mm

<60 =10
260 <80 15
>80 <110 220
=110 <150 230
>150 =40

Figure 4.18 Table 5.1 (extracted form AS 1379 -2007 p29) permissible slump tolerances.

At the beginning of the trial set the decision was made to have the control mix at or below a slump
of 120 mm but within the range specified, this allows the least water to be added to achieve the

desired slump, in the effort to have conservative estimates of the harvested ash performance

relevant to the control mix of GP only.

Figure 4.19 Example of slump being measured.




Figure 4.21 View of the concrete mixing to try and determine the slump.

4.5.1.2 CONCRETE BLEED

Due to resourcing of the lab and limited time available for the trial room, the bleed test for each mix
was not able to be completed as per AS 1012.6-2014. The bleed of the concrete was determined
to be non-critical to the scope of the project and therefor the visual comparison of bleed was
adopted rather than delaying the trails to a period when the bleed could be tested in full.

In the absence of the full bleed test being carried out the concrete was placed into containers and
observed for 2 hours after casting to determine the rank of highest to lowest visible bleed and the
mixes were then ranked for the most to the least visible bleed. Figures 4.22 to 4.24 show the
difference in visible bleed of the concrete observed.



Figure 4.23 Concrete with some visible bleed, sheen across the top surface



Figure 4.24 Concrete with higher amount of bleed, pooling in corners and indentations.
4.5.2 HARDENED CONCRETE TESTING

For the hardened concrete testing, the author directed control of batching the mixes but due to
workplace safety rules was not able to be involved in any further part of the process and the

reports were provided to the author on completion of the testing at the specified ages.

Figure 4.25 Specimens cast from trial day 1.

Each of the filled moulds of the various types pictured in Figure 4.25 above has an individual mould
number. On the trial sheet there are the required number of samples and when preparing for the
testing the mould numbers are allocated to the trial number so that when each specimen is
removed from the mould the following day, the concrete is then labelled with the mould number
and the date to be tested for whichever test is required.



Figure 4.26 Specimens from day 1 after being stripped and placed in curing until crushing / loading to be carried out at
correct age in days.

As can be seen in Figure 4.26 above, all the specimens are labelled with their corresponding
number and date to be tested.

4.5.2.1 COMPRESSIVE STRENGTH TESTING

For each of the nine batches, seven cylinders were cast for compressive strength. These were to
be crushed at 1 day, 3 days, 7 days, 28 days, and 56 days. The 28 days and 56 days were 2
cylinders for each age to provide an average result.

4.5.2.2 CASTING CYLINDERS

As the cylinders were cast, they are required to be filled in two layers with each layer being
vibrated. In the trial laboratory there is a large vibrating table that can fit and secure 9 cylinders at a
time. The cylinders are placed on the vibrating plate and a securing jig is placed over them to hold
them down to the plate while vibrating. The vibrating table is then switched on for the required
amount of time until the visible air that is scaping the concrete is seen to stop. This does not expel
entrained air as it is micro-air and not visible to the naked eye but expels entrapped air and
ensures adequate compaction which will then reflect the highest potential compressive strength of
the concrete.



Figure 4.28 Cylinders full and completely vibrated.



Figure 4.29 Cylinders trowelled off.

The cylinders were filled in two layers, each layer was vibrated to achieve adequate compaction,
and in the case of the second layer to achieve a homogenous mass in the mould. Once the second
layer was vibrated, they were then struck off and trowelled for an even flat top surface.

4.5.2.3 TESTING FOR COMPRESSIVE STRENGTH

To prepare the cylinder for testing, the bottom end has been cast by a calibrated mould so it will be
square, the top however has been trowelled off, so it will not be flat and true square for the platens
on the compression machine. For this reason, each cylinder is ground flat on the trowelled end to
be suitable for complaint testing on the compression machine. Figure 4.30 shows the cylinder
grinding machine loaded and operating. As Construction Sciences lab is a commercial facility,
there are hundreds of cylinders to process per day, so they employ a large grinding machine that
can grind 3 cylinders simultaneously.



Figure 4.30 Cylinders having their trowelled end ground to be flat.

After the cylinders are ground to the correct square they are then weighed and measured. There
are multiple ways to complete this, but typically commercial labs will use the apparatus pictured in
Figure 4.31 below. This weighs the cylinder and measures height and diameter using laser
measurement devices at the same time, then records the data in the corresponding record
identified by the number on the bottom of the cylinder which is entered by the lab technician. This

data is used to determine the dry density which is calculated automatically in the system used to
report the test data.



Figure 4.31 Cylinder being weighed and dimensioned.

The cylinders are then placed into the crushing machine that has pre-programmed load rates
entered and will be crushed until the machine detects failure. The specimen ID number is entered
into the control computer once the cylinder is placed on the platens.

After failure is detected the lab technician will assess the specimen to determine if there has been
complete failure and if not restart the machine, or if complete, note the failure mode as being
normal or abnormal.

Once the machine detects failure it will record the kN applied at the time of failure electronically in
the record relating to the specimen ID number entered. This information will then be used to
automatically calculate the compressive strength using the previously measured dimensions and
populate the NATA certified test report for review by the signatories of the lab.



Figure 4.32 Cylinder being crushed.

4.5.2.4 INDIRECT TENSILE STRENGTH

The cylinder used for indirect tensile strength testing are cast and prepared in the same way as

those used for testing compressive strength.

4.5.2.5 TESTING INDIRECT TENSILE STRENGTH

After the cylinder has been ground and prepared it is placed in a jig to hold it steady and on it’s
side between the platens of the compression machine. It is the orientation that gets the common
name splitting tensile as the cylinder splits horizontally in failure while being loaded vertically in
compression.

Like the compression testing the lab technician enters the specimen number and the machine is
programmed with required loading rates, and crushes until recording failure and load at time of

failure. This is then automatically used to calculate the indirect tensile strength in MPa.



Figure 4.33 Cylinder in jig being crushed to determine the ‘splitting tensile' or indirect tensile strength.

4.5.2.6 FLEXURAL STRENGTH

Each of the nine mixes were sampled for flexural testing. This consisted of one 7 day sample and
two 28 day samples. The flexural strength requires the use of larger moulds that are crushed in a
point bending jig.

4.5.2.7 CASTING FOR FLEXURAL STRENGTH

The moulds are filled using the same methodology as the cylinders, half fill and vibrate, then fill to
the top and vibrate, typically they will be slightly over-filled and struck back to the top of the mould.
The main difference here is that there is no jig to hold the moulds during vibration, so they need to
be carefully vibrated in limited numbers at a time to ensure safe handling.



Figure 4.35 Vibrated after half filling.



Figure 4.36 Filled and vibrated before being trowelled off.

4.5.2.8 TESTING SPECIMENS FOR FLEXURAL STRENGTH

Like the cylinders, the specimens are weighed and dimensioned in preparation, then they are
loaded into the jig pictured in Figure 4.37 below. The lab technician needs to measure the
placement of the beam in the jig to ensure correct positioning. As with the other tests the machine
is pre-programmed for load rates and the specimen is loaded until failure which is then recorded
and calculated automatically as a flexural strength result in MPa.



Figure 4.37 Flex beam in jig to be crushed in four points bending to determine flexural tensile strength.
4.5.2.9 DRYING SHRINKAGE

Each of the nine mixes were sampled and tested for drying shrinkage to 56 days, which takes 63
days as the initial measurement is taken at 7 days. For each mix there was three prisms cast and
the change in length of the prism is measured at specified time intervals. These specimens are
kept in a drying chamber that has controlled air circulation, temperature, and relative humidity as
per AS 1012.13-2015. The measurements are taken at 7 days, 14 days, 21 days, 28 days and 56

days after the initial measure taken at 7 days from casting.

4.5.2.10 CASTING SPECIMENS FOR DETERMINING DRYING SHRINKAGE

Like all other specimens cast, they prisms are filled in two separate layers that are then vibrated
and vibrated together respectively. Figures 4.38 to 4.41 below show the filling and vibration of the
shrinkage specimens. It is very important when filling and handling these moulds that the end pins
are not damaged or dislodged as they are the pints used for measuring on the comparator.



Figure 4.39 Shrinkage mould topping up second layer.



Figure 4.41 Shrinkage sample trowelled off.

4.5.2.10.1 TESTING SPECIMENS TO DETERMINE DRYING SHRINKAGE

The specimens are placed in the comparator, pictured in Figure 4.42 below, and at least 5
readings are taken to ensure the readings are correct. These are then averaged and recorded for
each three prisms for each age in days for each mix.



Figure 4.42 Shrinkage prism being measured.



CHAPTER 5: PRE-EXPERIMANTAL ANALYSIS AND EXPECTED RESULTS

As there are specific differences between each mix design, this chapter will discuss the expected

performance changes as the design changes.

5.1 INCREASED WATER DEMAND AS THE SUBSTITUTION INCREASES

It is important to consider the different types of water involved in the concrete matrix and where
that water will be utilised. In large the water initially acts as a lubricant for the concrete mix and not
all the water used will be available for hydration (Neville, 2012). All materials are tested for their
water absorption, this value is used to determine the percentage by weight of material that will
absorb water. These results are detailed in Table 5.1 below. After removal of these values, the

remainder is known as the effective water (Neville, 2012)

Table 5.1 Water absorption values of coarse and fine aggregates.

Material Water absorption (%)
Beenleigh Coarse 20mm 04
Beenleigh Coarse 10mm 04
Beenleigh Manufactured Sand 24
Lytton Fine Sand 04
HA 20.8

Example of this calculation is detailed in Table 5.2 below:

Table 5.2 Calculation of effective water in control mix

Material Weight (kg) Absorption Value (%) Absorbed Water (kg)

20 mm Coarse Agg 700.0 04 2.8
10 mm Coarse Agg 300.0 04 1.2
Manufactured Sand 442.0 24 10.6
Fine Sand 447.0 0.4 1.8
Design Water 180.0 Total absorbed: 16.4
Effective Water 163.6

5.2 DECREASING DENSITY AS SUBSTITUTION INCREASES

As the dry density is essentially a summation of the material that has gone into the mix by weight
for 1 cubic metre of concrete (Neville, 2012), using a material with a lower specific gravity is
expected to decrease the final dry density of the concrete. Each material volume must be
accurately accounted for to allow these calculations to succeed. The mass per unit volume will be
corrected back to exactly 1 m3, so if there are any inaccuracies in estimated volume of the design
mix and the air content of the plastic and hardened concrete this will change the results.

It is expected in line with what was found in available literature that the density will decrease as the

substitution increases and Table 5.3 below summarises the expected density change as the



substitution increases. The accuracy of these estimations is based on the yield being correct, and
the expected air content also being correct.

Unfortunately, the air content will not be able to be tested during the trials as the testing equipment
is all out for use elsewhere by the laboratory, so analysis of air entrainment with the substitution

increase will form part of the future research recommendations provided by this project.

Table 5.3 Estimated Mass per unit volume of substitution mixes.

Mix Description Estimated dry density kg/m?
Control Mix 2469
6% Substitution 2441
11% Substitution 2410
17% Substitution 2383
22% Substitution 2354

The set of substitution mixes is carried out twice with admixture and no admixture, in concrete
supply the additional water demand is controlled by use of water reducing admixtures. In most
instances, due to the admixture being a dispersant, there is improved compressive strength due to
increased effective surface area being hydrated or reacted in pozzolanic activity (Neville, 2012)
Table 5.4 below shows the full list of mixes.

Through experience with concrete mix design, it is noted these densities appear quite high, it is
expected to see a reduction in all of them to be corrected from control through to mix 9 as detailed
in Table 5.4 below.

Table 5.4 Estimated mass per unit volume based on desktop summation.

Mix Description Estimated dry density kg/m3

Mix 1 Control Mix 2469

Mix 2 6% Substitution No admixture 2441
Mix 3 11% Substitution No admixture 2410
Mix 4 17% Substitution No admixture 2383
Mix 5 22% Substitution No admixture 2354
Mix 6 6% Substitution Admixture used 2441
Mix 7 11% Substitution Admixture used 2410
Mix 8 17% Substitution Admixture used 2383
Mix 9 22% Substitution Admixture used 2354




5.3 DECREASING STRENGTH AS WATER/CEMENT INCREASES

It is well known that as the water content increases, if the cementitious portion of the mix does not
increase accordingly, the Water / Cement or Water / Binder ratio will increase, and this increase
will bring about a reduction in strength of the concrete produced.

It is this relationship that this project relies on to explain and quantify the pozzolanic contribution to
strength of the HA.

To determine the expected reduction in strength Figure 5.1 below shows the relationship between

WI/C ratio and compressive strength.

S0

40  GO00
o
a
b3
© 30
1IN =
b 20 \
g \\ | 2000
g 10

0 (o)

04 06 08 10 12
Water [ Cement Ratio

Figure 5.1 W/C ratio impact on strength (Neville,2012 p273)

Given that we know the Cement content is to remain at 400 kg / m? for all mixes and the design
water and hence effective water will increase, we can estimate the decrease in compressive

strength of each mix based on Figure 65 and the known W/C ratios of each 9 mixes.

5.3.1 COMPRESSIVE STRENGTH ESTIMATION

By completing the same calculation as carried out in section 5.1’s example, we can determine the
below details for each of the 9 mixes as shown in Table 5.5 below.
Table 5.5 Calculated Effective W/C ratios and Effective W/B ratios.

Mix1  Mix2  Mix3  Mix4  Mx5 Mix6 Mx7  Mix8  Mix9
GP 400 kg | 400kg | 400kg | 400kg | 400kg | 400kg | 400 kg | 400 kg | 400 kg

HA 0 39kg | 78kg | 117kg | 155kg | 39kg | 78kg | 117 kg | 155kKg

Total Binder | 400kg | 439kg | 478kg | 517kg | 555kg | 439kg | 478kg | 517 kg | 555 kg




Design Water 180 210 240 260 280 210 240 260 280
Effective water | 163.6 186.8 210.0 223.1 236.4 186.8 210.0 2231 236.4
Total W/C 0.45 0.53 0.60 0.65 0.70 0.53 0.60 0.65 0.70
Effective W/C 0.41 0.47 0.53 0.56 0.59 047 0.53 0.56 0.59
Total W/B 0.45 0.48 0.50 0.50 0.50 0.48 0.50 0.50 0.50
Effective W/B 0.41 043 044 0.43 0.43 0.43 0.44 0.43 0.43

By now plotting the values from Neville 2012 plot, shown in Figure 5.1, we can establish the

relationship to calculate the estimated 7 Day compressive strength for each mix.
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Figure 5.2 Plot of figure 6.2 taken from Neville 2012

Now having established the equation of the trendline we can calculate the estimated 7 day
compressive strengths based on the Effective W/C ratio of the 9 mixes.

Table 5.6 Estimated 7 day Compressive strength for all mixes based on W/C ratio.

Mix1 Mix2 Mix3 Mix4 Mix5 Mix6 Mix7 Mix8 Mix9
wiC 041 | 047 | 053 | 056 | 0.59 | 047 | 0.53 | 0.56 | 0.59
7 Day compressive strength (MPa) | 40.7 | 33.0 | 275 | 25.0 | 228 | 33.0 | 27.5 | 250 | 22.8

As we are aware that the final strength to be determined is not the 7 day compressive strength, but

typically we would focus on the 28 day compressive strength, we must extrapolate these values to
determine their estimated 28 day strength.

Figure 5.3 below shows the relationship that we will now use to extrapolate the 7 Day compressive

strength estimates out to 28 day estimates.
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Figure 5.3 shows the relationship between W/C ratio and percentage of 28 day strength at typical tested ages
(Neville,2012 p305).

This results in the below set of estimations in Table 5.7 for 28 Day Compressive strength based

only on the GP cement performing as a cementitious product and no pozzolanic reaction occurring

from the harvested ash.

Table 5.7 Estimated Compressive strength based on GP and W/C ratio.

056 | 059 | 047 | 053 | 056 | 0.59

wi/C 0.41 047 | 053
7 Day compressive strength
40.7 | 330 | 275 | 250 | 228 | 330 | 275 | 25.0 | 228
(MPa)
28 Day compressive strength
(MPa) 50.8 | 434 | 371 347 | 326 | 434 | 371 347 | 32.6
a

5.3.2 FLEXURAL STRENGTH
AS 3600- 2018 section 3.1.1.3 provides the calculation of the characteristic flexural tensile

strength, (f’ct.f) as a function of the characteristic compressive strength (fc).

This is given as: flet.,f =0.6y/f"c



Using this relationship we can calculate the expected flexural tensile strength, for these
calculations we will not be factorising the strengths back to a characteristic strength, we will use
the estimated strength as f'c. Results of these calculations are in Table 5.8 below.

Table 5.8 Estimated flexural strength based on GP cement only.

Mix1 Mix2 Mix3 Mix4 Mix5 Mix6 Mix7 Mix8 Mix9

28 Day compressive strength (MPa)

28 Day flexural strength (MPa) 43 4.0 3.7 3.5 34 4.0 3.7 3.5 34

Like compressive strength, if the tested values exceed the mathematically determined we will
assume the remaining portion of strength is attributable to harvested ash pozzolanic reaction and
contribution, account will be taken of the control results to determine if the calculated are accurate

relative to the control mix actual test results.

5.3.3 INDIRECT TENSILE STRENGTH

AS 3600- 2018 section 3.1.1.3 provides the calculation of the characteristic flexural tensile
strength, (f’cf) as a function of the characteristic compressive strength (fc).

This is given as: flet=0.364/f"c

Using this relationship we can calculate the expected tensile strength, for these calculations we will
not be factorising the strengths back to a characteristic strength, we will use the estimated strength
as fc. Results of these calculations are in Table 5.9 below.

Table 5.9 Tensile strength derived from estimated compressive strength.

Mix1 Mix2 Mix3 Mix4 Mix5 Mix6 Mix7 Mix8 Mix9

28 Day compressive strength
(MPa)

28 Day tensile strength
(MPa)

26 24 22 21 21 24 2.2 21 21

Like compressive strength and flexural strength, if the tested values exceed the mathematically
determined we will assume the remaining portion of strength is attributable to harvested ash
pozzolanic reaction and contribution, account will be taken of the control results to determine if the

calculated are accurate relative to the control mix actual test results.

5.3.4 DRYING SHRINKAGE ESTIMATION

AS 3600:2018 Section 3.1.7.2 provides the following calculations to estimate the basic drying

shrinkage strain:

Eesa = Ky K&y ...3.1.7.2(4)

<




Een = (0.9-0.0057)x &, ... 3.1.7.2(5)

where £, =800x 107 or determined by testing.

Figure 5.4 Equations for determining expected drying shrinkage strain based on compressive strength.

k1= 1.2 from figure 3.1.7.2 in AS 3600:2018 p47
ks = 0.6 as we are in a temperate zone as per AS 3600:2018 p46.
By following these calculations, we can produce the results in Table 5.10 below for the expected

drying shrinkage.

Table 5.10 Calculated design shrinkage.

Mix1 Mix2 Mix3 Mix4 Mix5 Mix6 Mix7 Mix8 Mix9

28 Day compressive strength
(MPa)
56 day drying shrinkage

50.8 | 434 | 371 | 347 | 326 | 434 | 371 | 347 | 326

i 372 393 412 | 418 | 425 393 412 | 418 425
strain calculated (x10%)

5.4 P0zzOLANIC REACTION DETERMINATION

If the compressive strength results for each of the mixes are close to those predicted in section
5.3.1 then it is easy to determine that there has been no pozzolanic reaction and there was no
contribution to the compressive strength by the harvested ash.

Contrary to this is that if the compressive strength values exceed those estimated, by amount
exceeding normal variability, the only other possible contribution to compressive strength is that of
the pozzolanic reaction of the harvested ash. In this case we can then determine the additional
strength contribution and attempt to analyse and quantify the efficiency of the harvested ash using
AS 3583.6 — 2018 Methods of test for supplementary cementitious materials; Method 6:
Determination of relative water requirements and strength index.

By using the control mix with only GP Cement, we can test the compressive strength at all the
proposed ages determining the strength contribution of the GP cement. We are then able to use
the relationships developed in section 5.3.1 to determine the portion of compressive strength
attributable to GP cement and any remaining strength can be attributed to the pozzolanic reaction
of the harvested ash.

The test results can then be compared in a fashion like that outlined in AS3583.6 to determine the

efficiency of the harvested ash.




CHAPTER 6: RESULTS AND DISCUSSION

6.1 TRIAL PROCEDURE AND LIMITATIONS

The trial batches were cast out over two days in the Construction Sciences Laboratory trial mix
room with the assistance of Jardine Medland of Construction Sciences. Great thanks go to Jardine
for his help and support. Due to the author not being an employee of the organisation there were
limitations applied to the number of tasks the author was able to complete based on safety and
workplace training rules. All rules and regulations were observed as part of the ethical and safe
conduct required of a Professional Engineer. Some of the testing that was intended for the
program had to be abandoned due to time constraints, resource constraints or inability to access
the required testing equipment. As the organisation was assisting the author at no cost the non-
critical tests were abandoned and will be recommended for inclusion in further research.

This study only carried out testing using one set of raw materials for concrete and a single source
of HA. Due to the variability of the raw materials, it is highly recommended that this research be

extended to multiple sources of cement and HA to confirm each source’s viability.

6.2 RESULTS

The results are reported below and tabulated for each type of test with images provided to show
experiment being completed. Commentary regarding the experiment being carried out and any

difficulties encountered are reported in these sections.

6.2.1 SLUMP RESULTS

Table 6.1 below shows the measured result for the slump of each of the 9 mixes. As previously
mentioned, the concrete mix will have visual cues and characteristics that can be picked up on
when mixing, the further through the trial mixes the characteristics were identified and repeatable

slumps were obtained.

Table 6.1 Results of measured slump of each mix at completion of batching and prior to sampling for all test specimens.

Mix1 Mix2 Mix3 Mix4 Mix5 Mix6 Mix7 Mix8 Mix9

Measured slump at
casting of test 100 150 130 130 130 130 130 130 130

specimens (mm)

6.2.2 OBSERVED BLEED

The mixes were ranked from highest to lowest in observed bleed with 1 being lowest and 9 being

highest. Table 6.2 below summarises the results.



Table 6.2 Observed bleed ranking results.

Mix 1 Mix 2 Mix 3 Mix4 Mix5 Mix6 Mix7 Mix 8 Mix 9

Observed bleed rank

number

The bleed rank follows the expected trend that the highest water addition recorded the highest

visible bleed, with the lowest water reporting the lowest visible bleed.

6.2.3 HARDENED CONCRETE TEST

The hardened concrete test results are presented by test method below.

6.2.3.1 28-DAY DRY DENSITY RESULTS

The dry density results determined from the 28-day cylinders are summarised in Table 6.3 below.

Table 6.3 28-day dry density results.

Mix1 Mix2 Mix3 Mix4 Mix5 Mix6 Mix7 Mix8 Mix9

28 Day dry density
2340 | 2360 | 2340 | 2310 | 2290 | 2360 | 2320 | 2310 | 2270
(kg / m?3)

6.2.3.2 COMPRESSIVE STRENGTH RESULTS

The results of the compressive testing by age and mix are summarised in Table 6.4 below.

Table 6.4 Compressive strength results by mix and age of test in days.

1t 28 2m 28 15t 56 2" 56
1 Day 3 Day 7 Day

Mix Da Da Da Da
Result Result Result y y y y

number Result Result Result Result

(MPa) (MPa) (MPa)
(MPa) (MPa) (MPa) (MPa)

Mix 2 13.0 29.0 37.0 48.5 52.0 53.5 53.5
Mix 3 10.5 25.0 34.5 46.5 47.5 52.5 53.0
Mix 4 9.2 24.0 32.5 48.5 47.0 52.0 51.0
Mix 5 9.1 20.0 30.5 44.5 43.0 47.0 50.0
Mix 6 11.0 27.0 34.5 43.5 445 48.0 45.5
Mix 7 10.0 250 32.0 46.0 46.0 50.5 50.5




2 28 15t 56 2 56
Mix Day DEV DEV

number Result Result Result

(MPa) (MPa) (MPa)

Mix 9 7.8 21.0 285 45.0 44.5 47.5 45.0

6.2.3.3 INDIRECT TENSILE TEST RESULTS

The indirect tensile strength was tested with one 28-day specimen from each mix and the results

are summarised in Table 6.5 below.

Table 6.5 Indirect tensile strength results.

Mix1 Mix2 Mix3 Mix4d Mix5 Mix6 Mix7 Mix8 Mix9

28 Day indirect tensile
strength (MPa)

50 50 47 49 3.9 45 42 46 4.1

6.2.3.3.1 FLEXURAL STRENGTH RESULTS

The flexural strength results are reported in Table 6.6 below.

Table 6.6 Flexural strength results by mix and age in days.

Mix number 7 Day Result (MPa) 15t 28 Day Result (MPa) 2" 28 Day Result (MPa)
Mix 1 4.1 53 6.0
Mix 2 47 59 6.6
Mix 3 4.0 53 5.2
Mix 4 42 57 6.0
Mix 5 4.1 50 5.0
Mix 6 4.0 54 5.8
Mix 7 43 6.4 6.5
Mix 8 3.7 6.4 6.1
Mix 9 3.8 6.0 5.7

6.2.3.3.2 DRYING SHRINKAGE RESULTS



7 day (pStrain) 14 day (pStrain) 21 day (pStrain) 28 day (uStrain) 56 day (uStrain)

370 520 590 660 800

Mix 1 readings 350 500 560 620 760
350 500 580 640 770

Reported 360 510 580 640 780
360 550 630 720 870

Mix 2 readings 330 500 570 660 780
340 510 580 640 830

Reported 340 520 580 650 850
360 520 600 680 840

Mix 3 readings 320 510 610 690 880
290 450 540 630 790

Reported 320 510 610 690 840
290 400 490 580 710

Mix 4 readings 320 440 520 610 750
310 420 500 590 730

Reported 310 420 500 590 730
300 410 500 600 740

Mix 5 readings 320 400 490 580 700
310 410 500 580 730

Reported 310 410 490 590 730
350 480 580 670 810

Mix 6 readings 340 460 550 640 790
360 500 590 680 820

Reported 350 480 570 670 810
330 430 530 640 790

Mix 7 readings 350 450 560 660 850
360 460 540 630 780

Reported 350 450 540 640 780
350 480 570 680 820

Mix 8 readings 360 460 550 660 780
370 480 580 700 850

Reported 360 470 570 680 810
400 520 620 730 890

Mix 9 readings 400 530 630 750 870
350 470 570 680 820

Reported 400 530 630 740 880




6.3 DISCUSSION AND ANALYSIS OF RESULTS

To be able to understand the success of the project we must interpret and analyse the results
achieved through the experimentation.

The goal of this project is to prove that harvested ash sourced from Tarong Power station storage
dam is suitable for use as a sand substitute and can produce a pozzolanic reaction which is
identifiable through its contribution to compressive strength and can be measured for its efficiency

against the GP cement used in combination and as the control mix.

6.3.1 FRESH CONCRETE TESTING

Before reviewing the strength performance of the concrete in the hardened state we need to review

whether we achieved the expected results in the plastic state.

6.3.1.1 SLUMP AND WATER DEMAND

To achieve the target slump range of 120 mm +/- 30 mm, a design water content of the concrete
mixes was established. For confirmation that the design water was approximated accurately we

need to compare estimated design water content with that utilised in experimentation to achieve
the target slump.

Table 6.7 Comparison of design water and admixture vs actual batched water and admixture

Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 Mix 8 Mix 9

(L/md (L/m® (L/md® (L/md (L/m® (L/m? (L/m% (L/m3 (L/m?3

P’°p°se\f'va‘f;f' design | 480 | 210 | 240 | 260 | 280 | 210 | 240 | 260 | 280

Effective proposed

design water 163.6 | 186.8 | 210.0 | 223.1 | 2364 | 186.8 | 210.0 | 223.1 | 236.4

Admixture design 1.8 1.8 1.8 1.8 1.8 - - - -

Total Batch required 180 210 238 259 279 230 246 271 292

Effective Batch

- 163.6 | 186.8 208 222.0 | 236.0 | 206.8 | 216.6 233 248
required




Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 Mix 6 Mix 7 Mix 8 Mix 9

(L/m¥) (L/m® (L/md) (L/m® (L/md) (L/m?® (L/m® (L/m® (L/md

Admixture required 1.8 18 0.6 0.8 0.81 - - - -

Comparison of design water vs batched water in all mixes
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= Proposed total design water = Effective proposed design water = Total Batch required = Effective Batch required

Figure 6.1 Comparison of the designed water vs that used for batching.

From the comparison of results, shown in Table 6.7 and Figure 6.1, the calculated water demand
was accurate, and the mix required the additional water to achieve the targeted slump.
The mixes that employed the use of admixture allowed accurate control of the water within very
close range of design, which is the reasoning behind their use in concrete production.
Without the use of admixture, mixes 6 through to 9 inclusive, the water demand was higher than
expected due to the additional fines of the HA.
Through comparison of the mixes using admixture and no admixture we can determine the
percentage of water reduction applied by the admixture, allowing us to determine the estimated
water that would be required for the control mix, and from this determine the water requirement of
the harvested ash.
Example calculation steps required:
¢ Determine water required without admixture (Mix 7 / 246) L
o Determine water with admixture (Mix 3 / 238) L
o Calculate additional water required with no admixture (246 — 238 = 8); this is the water
reduced through admixture use.
o Calculate reduction as percentage of total water (8 / 246 = 3.25 %
¢ Now divide this percentage by the litres of admixture to calculate percentage reduction per
litre (3.25/0.6 = 5.42 %)



Now to apply the same calculation to all mixes with the same substitution of harvested ash, Table

6.8 below shows the results of these calculations.

Table 6.8 Calculation of admixture efficiency and water reduction per L

Mix number Mixes 2 & 6 Mixes 3 & 7 Mixes 4 &8 Mixes 5 & 9

Mix number 6 7 8 9
Recorded Slump (mm) 130 130 130 130
Water required 230 246 271 292
Mix number 2 3 4 5
Recorded Slump (mm) 150 130 130 130
Water required (L) 210 238 259 279
Water reduced through admixture (L) 20 8 12 13
gzgcentage of total water reduced 8.70% 3.959% 4.43% 4.45%
Litres of admixture for reduction (L) 1.8 0.6 0.8 0.81
Percentage of reduction per litre (%) 4.83% 5.42% 5.54% 5.50%

Typically, when reviewing concrete results we would accept in slump range, however in this case
we will treat the 150 slump as an outlier and average the other three mixes taking 5.48 % as the
admixture efficiency in this case.

Now applying this to the control mix we can determine the control water for calculation of water
requirement by increasing the total water by 5.48 %.

This gives us a control water of 189.86 L / m>with no use of admixture.

Using the method outlined in AS 3583.6:2018 and adapting to our experiment, we can now

calculate the water requirement.

(b) Flv ash samples The relative water requirement 1s calculated as follows:

: : m . )
Relative water requirement = —- x 0.95 x 100 (see Note )

¢
m e s DA

<
where
m, = mass of water used in test mortar, in grams

m. = mass of water used in control mortar, 1n grams

NOTE: The factor 0.95 is needed because the quantities of Type GP cement, fly ash, and water for
fly ash test mortar are increased to account for the partial sand replacement. See Note 2 to Table 1.

Figure 6.2 Water requirement calculation taken from AS 35683.6:2018 pb5.

These calculations are then completed for the range of substitutions, mixes 6 through to 9 as they
are the varying water content with no admixture control.

Through analysis we can determine that there is a linear relationship between the percentage of
harvested ash replacement and the water requirement vs control, as can be seen in Figure 6.3

below.
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Figure 6.3 Water requirement vs volumetric replacement of fine aggregates with harvested ash.
6.3.1.2 OBSERVED BLEED

As concrete bleed is typically a function of the amount of total water added (Neville, 2012), the

recorded ranking of bleed observed is in line with what was expected. This being the mix with the
lowest added water had the lowest observed bleed and the mix with the highest added water had
the highest observed bleed and the remaining mixes were ranked equally with water addition and
observed bleed respectively. Figure 6.4 below shows the relationship between bleed ranking and

eater added.

Observed Bleed ranking vs water added
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Figure 6.4 Plot of bleed rank vs water added.
6.3.2 HARDENED CONCRETE TESTING

The goal of this analysis is to determine whether there is any contribution to strength using the
harvested ash. This will be analysed comparing expected strength due to GP content and effective

W/C ratio detailed in Chapter 5 compared with the results shown in Section 6.2 of this chapter.

6.3.2.1 COMPRESSIVE STRENGTH

A typical set of compliance cylinders as per AS 1379-2007 consists of one 7 day cylinder and two
28 day cylinders. This is to allow prediction of how the compressive strength is trending at 7 days

and then to determine compliance at 28 days of the compressive strength performance.



In the case of this project, we needed to determine the strength growth trend vs time, so it was
important to understand the stage at which the concrete mix developed it's strength as the
pozzolanic reaction is a much slower strength development when compared with the strength
development of hydrating GP cement. (Neville,2012)

This analysis will focus primarily on the comparison of compressive strength but will compare all
results with expected values across all testing carried out.

6.3.2.1.1 COMPARISON OF ACTUAL COMPRESSIVE STRENGTH WITH ESTIMATED COMPRESSIVE
STRENGTH

In chapter 5 we established the estimated compressive strength based on the GP cement content
and W/C ratio. Table 6.9 below and Figure 6.5 show the comparison of the estimated results with
the actual test results. This clearly indicates a higher than calculated compressive strength, which
assumed that only GP cement would contribute to the strength.

As this is clearly not the case it can be determined that there is a pozzolanic reaction present and
there is a portion of the compressive strength attributable to the harvested ash acting as a

pozzolan.

Table 6.9 Comparison of estimated 28-day strength vs tested.

Mix 1 Mix2 Mix3 Mix4
Harvested ash substitution Control 6% 11% 17% | 22% 6% 11% 17% | 22%

Predicted 28 Day
compressive strength 50.8 434 | 371 | 347 | 326 | 434 | 371 | 347 | 326
(MPa)

Tested 28 Day
compressive strength 46.8 503 | 470 | 478 | 438 | 440 | 460 | 450 | 4438
(MPa)

Predicted 28 day strength vs tested

8 1% 17% 229

6% 1% 17% 2%
Volumetric substitution of harvested ash
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Figure 6.5 Comparison of estimated 28 day strength with tested 28 day strength plot.

6.3.2.1.2 STRENGTH DEVELOPMENT VS TIME

From the control mix we can establish the rate of strength development of the GP only concrete.




Strength development vs time of the control GP only mix
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Neville discusses the difference in strength development vs time of Fly Ash concretes, using 25%

replacement of cementitious by weight, compared with Portland Cement concretes and the

comparison is summarised in Table 6.10 below. To see the difference in relationship between

strength development and time more clearly the results were plotted and can be seen in Figure

6.6. below.

Table 6.10 Fly ash concrete vs GP concrete (Neville, 2012 p661)

Table 13.1 Typical Compressive Strength of Fly Ash Concretes'™™

Cementitious

Compressive strength, MPa (psi) at age (days):

material
1

3

7

14

28

91

365

Portland cement 12.1(1750)

Class F fly ash* 7.1(1030)
(25%)

Class C fly ash** 8.9 (1290)
(25%)

21.2(3070)
13.9 (2010)

19.0 (2760}

28.6 (4150)
19.4 (2820)

24.1(3490)

33.9 (4910)
24.3 (3520)

28.5(4140)

40.1(5810)
30.3 (4400)

29.4 (4260)

46.0 (6670)
39.8(5770)

40.5 (5880)

51.2 (7420)
47.3 (6860)

45.6 (6620)

*BS Class V
**BSEN Class W

Compressive Strength
o

—&— Portland Cement

Comparison of portland cement concrete with fly ash concrete vs time

40

60

Age (Days)

—8—Class F fly ash 25%

70

Class C fly ash 25%

80

100

Figure 6.6 Plot of Neville's Table of results of difference in Portland cement concrete vs fly ash concrete




This relationship becomes critical to the analysis of the compressive strength and determination of
the pozzolanic reaction.

The reduction in strength development of the fly ash concrete at an early age (less than 3 days) is
due to the reduction in strength from hydration of cement, then as the time surpasses 3 days the
growth of the compressive strength continues until a much later age.

By reviewing this in terms of percentage of the final strength achieved vs age, we can better
understand the distinct difference in how the strength growth changes when relying on the
pozzolanic reaction. Figure 6.7 below shows the increased percentage of early age strength
achieved by the Portland cement concrete when compared with the fly ash concrete.

Percentage of final strength vs time
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3 7 14 28 91

1

Percentage of final strength (%)

Age (Days)

mPortland Cement  m Class F fly ash 25% Class C fly ash 25%

Figure 6.7 Plot of percentage of final strength vs age in days of Portland cement concrete and fly ash concrete from
Neville 2012.

When comparing the results of this experiment for compressive strength vs time when the
substituted mixes are compared with the control mix for their strength development vs time, they
follow the same trend established in Neville’s reference data, indicating the behaviour of the
concrete to be in line with that of a fly ash blend concrete when it comes to compressive strength
development.

Figure 6.8 shows the plot of actual results from this experiment and when compared to the trending
visible in Figure 6.6, there is clear similarity in the development of strength of the trial concrete.

This trend shows the concrete is behaving as a blended fly ash concrete.
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Figure 6.8 Comparison of cylinder strength vs time of all mixes.
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Figure 6.9 Plot of percentage of final strength vs time of actual results.




6.3.3 P0OZZOLANIC REACTION AND EFFICIENCY

When reviewing the compressive strength results, we can determine that the harvested ash has
acted as a binder and contributed to compressive strength.

Based on the strength contribution by the GP and effective W/C ratio determined in section 5, we
can now determine the portion of strength contributed by the harvested ash and the pozzolanic

reaction.

Table 6.11 Determining the contribution to strength in MPa by the harvested ash.

Mix 1 Mix2 Mix3 Mix4

Substitution volume (%)  Control 6% 11% 17%
Predicted 28 Day

compressive strength 46.8 434 371 34.7 326 | 434 371 34.7 32.6
(MPa)

Tested 28 Day

compressive strength 46.8 50.3 | 47.0 478 | 438 | 440 | 46.0 | 450 | 4438
(MPa)

28 Day Compressive
strength contribution
of harvested ash
(MPa)

Predicted 56 Day GP
strength (MPa)

Actual 56 Day strength
tested (MPa)

56 Day Compressive
strength contribution

of harvested ash 0.0 9.0 144 | 164 | 13.6 3.5 124 | 124 | 141
(MPa)

0.0 6.9 9.9 131 11.2 0.6 8.9 10.3 12.2

48.0 445 | 38.1 35.6 | 334 | 445 | 381 356 | 334

48.0 535 | 525 520 | 47.0 | 480 | 505 | 48.0 | 475

This can be more clearly understood visually as shown in Figures 6.10 and 6.11 below.

28 day strength contribution by material vs substitution

60.0
50.0
40.0
30.0
20.0
10.0
0.0

Control 6% 1% 17% 229 6% 1% 17% 22%

Mix 1 Mix 2 Mix 3 Mix 4 Mix S Mix 6 Mix 7 Mix 8 Mix 9

= GP contribution to strength (MPa) m "Harvested ash contribution to strength (MPa)"

Figure 6.10 28-day contribution to strength by material plot.
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Figure 6.11 56 Day strength contribution by material plot.

Now that we have established the harvested ash is reacting as a binder, we are able to treat it as a
binder and compare the resulting compressive strength with the control to determine the efficiency
of the harvested ash.

To complete this we will adapt the method set out in AS 3583.6:2018 for the strength index at 28
days.

9.2 Strength index
The following calculations shall be made:

(@) Standard cured test The strength index at 28 days (Ras) 15 calculated as follows:

Strength index ( Ry ) = ?S x 100 ..9.2(1)
28

where

Th: = mean compressive strength of test mortar at 28 days, 1n MPa
Cas

mean compressive strength of control mortar at 28 days, in MPa

Figure 6.12 Calculation of 28-day strength index of Fly ash as binder.

In Appendix D the Fly Ash test certificate reports the strength index at 99% for Tarong Fly Ash
supplied and tested by Cement Australia.

As we did not complete the testing as per AS 3583.6:2018 we will calculate in a similar method by
using the test results for substituted binder values to form T2s and Tss and using the GP only

control results as our Czg and Css. This will allow us to determine R2s and Rse for our experimental

results.

Substitution volume 6%
o

(%)
28 Day Strength
index 104% | 99% | 104% | 95% 93% 98% 96% 96% 98%
56 Day Strength
index 111% | 109% | 108% | 98% | 100% | 105% | 100% | 99% 104%

Average




When comparing the average efficiency with that reported in the supplier test certificate it is close
to the performance of the fine grade fly ash provided by Cement Australia at 28 days, and at 56
days shows better strength would be achieved using harvested ash as a replacement for GP.

6.3.4 FLEXURAL STRENGTH

Interestingly the flexural strength did not decrease with the HA addition, rather improved with the
addition of HA. Figure 6.13 below shows the flexural strength grew independently of the increase in
W/B ratio and was not reduced by the introduction of HA.

28 Day Flexural Strength

11

8.88% 16.32% 2263%  27.93% 8.88% 16.32% 63%  27.93%
Substitution by weight

Flexural Strength (MPa)
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o
o
=]

Effective water binder ratio ~ m28 Day Flexural Strength

Figure 6.13 Visual comparison of Flexural Strength vs substitution % and effective W/B ratio

6.3.5 INDIRECT TENSILE STRENGTH

Indirect tensile strength gave some interesting insight to admixture impact on concrete. Figure 6.14
below shows that the introduction of admixture produced lower indirect tensile strength at all
substitution percentages and effective W/B ratios.

The mixes using HA performed better than the control when considering the increase in effective
W/B ratios, control being 0.41 and substitutions 0.43 and 0.44. To better understand this it would

be necessary to repeat the control with no admixture to determine the impact of admixture addition.
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Figure 6.14 Indirect Tensile Strength vs substitution percentage

6.3.6 DRYING SHRINKAGE

As the drying shrinkage test is not a very repeatable result due to the way that the prism results for
each reading age are averaged and outliers removed, it is difficult to draw definite conclusions from
the results. However, broadly the mixes employing admixture have higher drying shrinkage than
those without and the introduction of HA does not provide definitive increase or decrease in drying

shrinkage as there is no visible trend for this.
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CHAPTER 7: CONCLUSION

The goal of this project was to establish whether raw harvested ash from Tarong Power Station
ash storage dam could be used as a substitution for fine aggregate and provide a quantifiable

pozzolanic reaction in doing so.

7.1 FINDINGS

The following has been successfully confirmed:
e The harvested ash could be used to produce concrete that performed similar in plastic
properties to the control concrete.
e The harvested ash could be used to design concrete mixes in a typical fashion with
predictable adjustments being made to mix design based on its use as substituted material.
e The harvested ash produced a pozzolanic reaction in the concrete.
e The pozzolanic reaction was quantifiable and cement efficiency could be calculated, which
performed at a comparable rate to fine grade fly ash supplied form the same source.
e The water demand of the use of harvested ash was measurable and could be controlled by
use of water reducing admixtures.
From these findings it is acceptable to conclude that there is potential for HA to be used in
concrete. It is also recommended that further investigation into the use of HA in concrete be

completed.

7.2 FUTURE RESEARCH

As this study was limited to a single sample taken from one ash dam it is recommended that the
following be considered for future research:

e Multiple samples from the same source.

¢ Sampling that will consider the stratification of the storage dam.

o Sampling of other available ash dams across Australia.

e Combination of multiple ash sources with multiple aggregate sources.

e Combination of different GP cement sources to test effectiveness with different

cementitious partnerships.

e Chemical analysis of harvested ash.
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APPENDIX B: RISK MANAGEMENT

Table 7.1 Risk Matrix used for risk assessment.

Insignificant (1) Minor (2) Moderate (3) Major (4) Catastrophic ()

No injuries/ First sid/ Medical treatment/ Hospitalisation/ Death/massive
insignificant minimal financial Medium financial large financial financial loss
financial loss loss loss loss

Almost Certain (5)

Often occurs Moderate (5)

Uikely (4)

Could easlly happen Moderate (4) Moderate (8)

Possible (3)

Could happen Low (3) Moderate (6) Moderate (9)

Unlikely (2)

Known to have Low (2) Moderate (4) Moderate (6) Moderate (8)

happened

Rare (1)

Possible but unlikely Low (1) Low(2) Low (3) Moderate (4) Moderate (5)

Table 7.2 Risk assessment

Task / Risk /

Hazard

Activity

Travel to

Consequence

Risk
score
before

control

Controls

Check vehicle
travelling in is safe
and operated by a
competent driver.
Plan ahead allow
sufficient travel time

in the working day.

Control

hierarchy

Risk score

after control

. Fatigue . High / 4. Moderate /
Site Injury ]
Moderate Do not travel if Administrate Low
fatigued.
Do not travel at
night.
Do not travel alone.
Always keep a First
Aid Kit on person.
Uneven /
unstable Do not take short .
Site ground/ ; ; cuts through .
Sampling | slips, trips Injury High Adg‘“;;gaw Moderate

and falls

unsuitable areas.




Task /
Activity

Risk

Risk / score
Consequence

Hazard before

control

Controls

e  Apply caution whilst
walking during site
sampling.

e Follow site escort.

o  Wear appropriate

footwear.

Control

hierarchy

Risk score

after control

e Periodically reassess
weather conditions

and decide if safe to

work.
o  Wear appropriate
Sunburn, ) ) 4.
Exposure PPE including a sun .
heatstroke, Moderate Administrate | Low
to the sun ) hat and long-sleeved
dehydration ) 5. PPE
clothing, and use
sunscreen as
required.
e Take, and drink
plenty of water
) Dust may enter Cease work during 4.
Wind Moderate B Low
eye extreme weather. Administrate
e Cease work during
Poor visibility,
extreme weather. 4.
Heavy unsafe B
_ L _ Moderate | «  Watch your step. Administrate | Low
Rain navigation, slips, 5. PPE
trips and falls Wear appropriate '
footwear.
e (Cease work during 4
) extreme weather o
Cold Hypothermia Moderate _ Administrate | Low
Wear suitably warm 5 PPE
clothes in cold conditions.
e Complete a site
induction.
Entering e Be aware of your
industrial ) ) surroundings. 4.
L ) Injury / Serious ) o
Laboratery | working i High e Maintain constant Administrate | Low
trials ) Injury / Death
environme communication in the | 9- PPE
nt team via radio.

e Stop in a safe

location prior to




Task / Control Risk score
Consequence Controls

Activity hierarchy  after control

taking an image or
completing testing.
Wear high visibility vests.
Hearing damage | Moderate Use hearing protection. 5. PPE Low
Cuts, e Do notputhandinto | 4.
N Injury Moderate mixer while mixing. Administrate | Low
Wear gloves. 5. PPE
Lifting Injury Moderate e  Employ safe lifting 4. Low
techniques. Administrate
5. PPE
Concrete Eye Injury Moderate e Wear safety glasses. | 4- Low
splashing Administrate
5. PPE
Sitting for Injury Moderate e Take regular breaks. | 4- Low
long « Utilise sit/stand desk | Administrate
periods and change position
regularly.
Working Fatigue Moderate e Be aware of body 4. Low
long hours condition. Administrate
Re.p‘ort et & e  Ensure minimum
writing night / sleep obtained.
early- e Maintain exercise.
morning
e Eatwell
e  Stay hydrated.
e Maintain work/life
balance.




APPENDIX C: CONSEQUENCES AND ETHICS

As an engineering professional, it is important to act in accordance with the Code of Ethics
produced by Engineers Australia.
This code provides four key areas of discipline that shall be followed:
1. Demonstrate integrity,
a. Act professionally and do the right thing.
b. Be honest and trustworthy.
c. Treat people well and respectfully
2. Practise competently,
a. Act within your competency.
b. Continuously learn.
3. Exercise leadership,
a. Support those around you in a professional manner.
b. Approach with open mind and avoid all prejudice.
4. Promote sustainability,
a. Consider the future with your current actions.
b. Practise in a manner that promotes health, safety and inclusion and protection of

the community and environment.



APPENDIX D: FLY ASH TEST CERTIFICATE TARONG

STANDARD FLY ASH CERTIFICATE

FINAL
—— Cement Australia
——— Prior Reports: None PO Box 1034
Sumner Park, Qid, 4074
Austraka
AUSTRALIA Certificate Number: CERT 140644 Telephone: +61 7 3335 3000
Issued: 18 August 2014 Fax: +61 73335 3227
Product being certified: Tarong Monthly Grab Fly Ash
Product sample date: 17-Jun-2014
Sample identification: Sample Code: 14060382
Source Power Station Tarong Power Station
Testing Conditions: As received at Cement Australia Damra Laboratory,
12 Station Avenue, Damra Queensiand 4076 A lia. Testing C wed on 18-Jun-2014
Test Results
Moisture Fineness @ Loss on Suifuric Available Chioride
45 micron Ignition Anhydride Akal ' Ion
< 0.1 84 o 0.6 <0.1 0.1 < 0.001

Relative Relative Water = Relative Str 28

Density Requirement Days Reference Cement Detalls
14060383
Result 207 96 » Buwer
est Meathod AS3", A g . AS T C Twe GP
| 180un 14
Additional Testing - Oxides
0 SO, ALO, Fe,0, SO, MgO Na,0
by XRF by XRF by MRS by XRF by XRF by XRF by XRF
Result 0.2 75.1 21.2 08 <0.1 0.1 <0.1
KO SO TIO2 PO, Mn,0, Total Alkak
by XRF by XRF by XRF by XRF by XRF (NaO Equiv)

0.43 <0.1 1.2 <0.1 < 0.1 0.28

This sampie grade conforms 10 the following requirements of AS 3582.1:1998
Special Fine Medum Coarze

X

Approved Signatory Accredited tor compliance with ISONEC A

17025. The results of the tests, caltvations

and'or measurements included in this

cdocument are iraceable 10 Australian/national NA l A
standards.

N

V Connell NATA Accredited Laboratory Numbers
Chemical Testing 187 188
Constructon Materials Testing
Notes:
LU Y AN R
1 4 06 0 3 8 2
TR TR (R R Lip
CERT 1 4 086 4 4
DA-SF-019

This test report shall not be reproduced except in ful, without written approval from Cement Australia. Page 10t 1



APPENDIX E: PROJECT PLAN

Jarmes Moller JRroject Timeline 2023

21-Fed
28-Fed
7-Mar
14-Mar
21-Mar
28-Mar

3.0ct
10-Oa
17-0a

Complete
1. Project Preperation

1A |Projectall v
1B_|Project specification and planning v |
1C_|Lterature review/ Establish research | 1
3. Develop Testing plan and mix trial program v |

4. Source Materials and prepare samgples ard test |
4A |Find Source of required materials
48_|Collect sampls of materials

4C_|Carry out lab trials and cast test samples
4D_|28 day data tomature

4E_|55 Day Data to mature

s Analyse Data |
5A_[analyse earlyage and 28 day results [
58 _|Analayse 56 Cay resslts |

6 Pregare Thesis I T T
|68 _Toresent findings at conference [ [

ENENENEN BN




APPENDIX F: MATERIAL TEST CERTFICIATES

Construction Sciseces Pty Lig Latonatory  Besriigh Lidor atary
- : ABN T4 1280672
—=- Construction e H\ olcim
— Sciences s P e rcsaioitos
1M Py Roed o e e
Lescorte QLD Q07
Chent Holom (Australia) Report Number: 1582/R/169503-2
Client Address: ] Project Number: 1582/PN4
Project 5117 - Holcim Beenleigh Quarry Lot Number 200
Lecation Beenleigh Internal Test Request  1582/T/108175
Suppled To Beenleigh Quarry Cient Reference/s. QBNL20 - 6 Nonthly Compliance
Area Description Report Date / Page: 210272023 Pxe1d2
Sample Number 1562/S/674827 Production/Sales Sales
Samping Method AS11413.1C194 Sampled From Stockpile
Date Sampied TRY2023
Speciication Number QBNL20.29/01/2018
Material Source Holcm Beenleigh Quarry (RQ: RQ147) Material Type Beenleigh 20mm Aggregate (QBNL20)
Test Mebod Seve Sae [Test Resut | Test Date I g Resut e - e
AST141.111 ParScle Size Distridution (% passing) 07022023
265mm 100 100 00 100 [0
190mm L 9% 100 NP
132mm » o 51 “p
95mm 0 " " 81
6mm 0 N 6 K1)
475mm 0 ] 5 211
236mm 0 ) 4 21
0.075em 0 2 2 20
AST141.2¢ Scdum Suphate Saundress 17022023
190mm . 13 2em ot
132mm . 9 Sem o
95mm - 4 7Sem L H
Tetsl Waghted Loes (%) L1}
AST1414 Bulk Dersity - Uncompacied (¥ 1802223 1.4
Bulk Density - Compacted (Yo*) 1.0
cz088 Degradason Factor (%) 16022023 n
AS1141.15 Flakuness Indes (%) 07N 7" -] 2
ASTHI Msshapen Particies (%) 0722023 2
Caiger Rato RS
Flat Partcies (%) 1“4
Blongated Partcies (%) (1]
Flat and Blongated Paricies (%) (1)
AS114161 Acparect Partce Decesty im? 18002023 mn
Parsicie Density (Dry) (Ym") pL )
Parsicle Dersity (SSD) (V) e
Water Absopton (%) o
ASTILR2 Weak Perticies (%) 18022023 02
Remans Re 503 Repart Replaces Report No 15528/ 165500-1 (eason Added resuts) . Samping laaions selected by Chent
A Accredited for complance with ISONEC 17025 - Testng
NATA oo e 105 _
Corporate Ste Number 1582
v Approved Sgnatory.  Anthony Dowden
FormD: WiRepRev !




Construcson Sciences Pty g Latoatory Beerkigh Labor stery
=- Construction™ "% t\ .
"= Sciences e _flOIC wleh
CONCRETE AGGREGATE QUALITY / DURABILITY REPORT

1552/R/169503-2
1552/P114
200

1582/TI08178

PARTICLE SIZE DISTRIBUTION GRAPH - 1552/5/674827

100
S0 4
80
m .
£
> &
»
R
-
3w
<
30 4
20
10 4
0 L} T T T T T T L} T T T
o o -3 e o - N - o © = 3 w
.- - ~ w
A 2 g & § @ ¥ A ~ o n
AS Sieve Size (mm)
Method / Test Test Detais
AS1141.11.1 / Washed Stale. Washed
AS1141.4 / Test Moisture Condibion: Driec
AS1141.4 /Nominal Size (mm) 20.0
Q2088 / Wash Water State Not Clear
AS1141.15/ Drying Method Oven
AS1141 32/ Passing 2 38mm (%) 1
Remans Reissued Repart Replaces Report No 1552R/%65500-1 (reason: Added results) . Samping ocatons selecied by clent
A Accredited for complance with ISOIEC 17025 - Testng
NATA oo e 1566 _
Comporate Ste Number. 1582
v Aogrond Sepatory.  Arthony Dowsen
Form 0. WiRepRev 1




c--:-.ld-u'v"l Laberatery: Seestuigh Liboratory t\
=- Construction ™ ==~ Holcim
"= Sciences pre

- 134 Poactwy Road My (s b ey
Lisconte CLOQO?

CONCRETE AGGREGATE QUALITY / DURABILITY REPORT

Chent Holam (Australia) Report Number: 1552/R/169504-2
Cienadoess (I Project Number 1552114
Progct. 5117 - Hokim Beenleigh Quarry Lot Number 10A
Locaton: Beeniegh Intermal Test Request  1552/T/106176
Supglied To: Beeniogh Quany Cliert Reference’s. QBNL10 - 6 Monthly Compliance
Area Description: Report Date / Page 170272023 Page 1062
Sample Number 1552/5/674828 Production/Sales Sales
Samping Method AS11413.1C104 Sampled From Stockpie
Dase Sampled 7022023
Speafication Number OQBNL10-20012018
Material Source Holcim Beenleigh Quarry (RQ: RQ147) Material Type Beenleigh 10mm Aggregate (CBNL10)
Test Ve Seve Sz  Test Rest | Test Dae | oo Resut e ey
ASTHLILY Parscie Se Distrbusion (% passing) 07022023
132mm 100 %0 %0 3009
#.5mm ” ] ™ 8y
67mm b4} ) Q k37
4 7%m (] [ 12 8[0)
23%m 0 4 im
0.075=m 0 2 2 1
AS1341.24 Sodm Suphate Soundress 17022023
13.2mm - 9.5mm [ V]
4 5men . & Merem [T]
Totad Yéeighied Loss (%) 0
AS1H14 Bulk Densty - Uncompacted (¥en”) 0022023 145
Buik Densty - Compacted (i) 15
Q2028 Degradation Fackr (%) W23 "
ASTHLIS Pladcness index (%) 0702223 1" -3 2
AST41.14 Misstapen Partices (%) 07022023 4
Calper Rato 1
Pt Partdies (%) ¥ ]
Elongated Partides (%) w
Flat ard Eonganed Partdies (%) w
AS11161 Agparent Particie Derasty (Vi) 16022023 amn
Parscis Dersty (Ory) (¥ 248
Parscie Dersty (SSO) (v 26
Viater Abacrpton (%) s
ASTHLR2 Veak Paricies (%) 16022023 L)
Remorks Re e Report Resctaces Report No 1562R 1605081 (reason. Added res.ts) . Samping locations ssecied by dert.

Accredited for complarce with ISOMEC 17025 - Testng

/\

NA"‘ Acarecitotion Nuper. 1986

Copordte Ste Nurper. 1582
v Approved Signatry.  Anthony Dowaen
FormiD: 101Rep Rev 1




Construction ™ g i
: H

== oo olcim
=~ Sciences — e
Lusconte OLD 207
(ONCRETE AGGREGATE QUALITY / DURABILITY REPORT
Chent Holcim (Australia) Report Number: 1552/R/166504.2
Chent Address. _ Project Number 15529114
Propect §117 - Holcim Beenieigh Quarry Lot Number 10A
Location Beeriogh Internal Test Request  1552/T/106176
Supplied To Beenieigh Quary Client Reference/s: QBNL10 - 6 Monthly Compliance
Area Descnpton. Repod Date / Page: 17022023 Page2ef2
PARTICLE SIZE DISTRIBUTION GRAPH - 1552/5/674828
100
w -
80
70 4
2
g @1
S
-
g 401
&
30 4
20 4
10 4
o : T T T T T ] T T T
=2 o o < o - ~ -~ - < .-
3 g 5 & 8 & & A
AS Seve Size (mm)
Method | Test Test Detals
AS1141.11.1/ Washed State Wiashed
AS1141.4/ Test Moisture Condition: Dried
AS1141.4 / Nominal Size (mm) 100
Q2088 / Wash Waler State Not Clear
AS1141.15 / Drying Method: Oven
AS1141.32 / Passing 2.36mm (%) 2
Remorks Redsued Report Reptaces Report No 1552R185608- 1 [rasor: Added results), Sarmping locafions ssiecied by dent.
A Acoedited for complarce wih ISOIEC 17025 - Testng
NATA  Aesionvme s -
Corporgte Se Number: 1582
v ADproved Signairy.  Anony Dowaen
FormiD: 101Rep Rev 1




Construction Schences Pty Lag

== Construction™ ****
= Sciences -
Luscorte QLD Q07

Laboratery. Besrbagh Ladoratory

SAND REPORT

Chent. Holom (Australia) Repert Number: 1552R/169903.1

cenees: I Pcjectbenter:  10RMRVM4

Project 5117 « Holcim Beenleigh Quarry Lot Number. %

Locaton: Beeniogh Internal Test Reguest  1552/T/106344

Suppied To: Beenlogh Cuarry Client Reference’s. CBNLMS - Lot 2

Area Descrpton Repert Date / Page 15032023 Page 1002

Sample Number 1562/8/875231 Producton/Sales Sales

Samping Method AS114131C194 Sampled From Siockple

Date Sampled 14032023

Specification Nurber  QBNLMS-0601/2014

Matenal Source Holam Beenlegh Quarry (RQ: RQ147) Material Type Beenleigh Manufactured Sand (QBNLMS)

a Speciicaion Speak Speci
Teat Methord Seve Soe | Test Resutt | TestDate I pra Resut > Targes [0

AS1181.11.1 Paricie Seee Distrivution (% passing) 1wova
€.7mm 0o %0 100 00N
4 75mm ® - 100 L]0
2. 3%mm s n & 37
1.18mm « a @ DY
0.600mm » n Q K80
0.825mm =
0.30mm 19 -] b un
0.150mm " 7w e
0.075=m H 13 15 122[1)

AS128921.1 Maisture Contert (%) 15002023 40

REmorks Spprerent © Sempifos Report Namter 2300 15A00566, Samping 0cators wsecnd by dert

Accredited for compiance with ISOMEC 17025 - Testng

A\

v Corporate Ste Number.

1986
1582

ADEIOVES Signakry.  Aneny Dowsen
FomID: 107Rep Rev 1




e«.a:mn.m Laboratsry Besrdogh Ladcratory t\
=- Construction ™ "™ H

i olcim
= Sciences e il mmm
Lscorte QLD Q07
SAND REPORT

Chent Holcim (Australia) Report Number: 1552R/168903-1
Chent Address _ Project Number: 15529114
Proect 5117 - Hoicim Beenleigh Quarry Lot Number b3
Location Beeregh Internal Test Request  1552/T/106344
Supplied To: Beerieigh Quarry Cliert Referencas. QBNLMS - Lot 2E
Ares Descripton Repert Date / Page: 15002023 Paje 242

PARTICLE SIZE DISTRIBUTION GRAPH - 1552/5/675231

100
0
80 4
- m 1
£
o 601
&
A
& 01
~
¢ 40
5
3 4
20 4
10 1
O T T T T T T T T
o o o (=] o - ~ -~ L
o - e v ~
3 8 8 & B & ® o
AS Seve Sze (mm
Method / Test Test Detais
AS1141.11.1/ Washed State Vashed
Remorks Supplement 1o Sempified Report Nurmber 230015400566, Samging locations ssfected by diert

A Acedied for complance with ISOEC 17025 - Testng

"ATA ranamonw 1986

Corporste Stz Numer. 1562
v ADorovea Signary. Anony Dooen
FormID: 107Rep Rev 1




Canstrction Sciences Pty Lag Laboratery. Beerbagh Ladcratory t\
- ABN T4 EETS
=- Construction Holci
= Sciences S oxcim
£ 134 Paachey Road C———
Lscorte QLD Q07 AN
Chent Holcim (Australia) Report Number: 1552R/170418.1
Chent Address: Project Number: 15529114
Projpect: $122 - Molcim Lytton Sands Lot Number Sales
Locason. Beeniogh Internal Test Request 1552/T/106534
Suppled To. Lyticn Sand Client Reference/s: Lytton Sand Sales
Area Descrpton Report Date / Page 2052023 Page 142
Sample Number 1562/5/875683 Preducton/Sales Sales
Samping Method Tested As Received Sampled From Stockpde
Date Sampled 30572023
Specificaion Number QLYTFS-07/1072020
Material Source Holcim Lytion Sand Plant (RQ: RQ152) Material Type Fine Sand (CLYTFS)
) Specficaton Speaficaion Speaiicaion
Teat Method Seve Sze | Test Resut | Test Date I e Resut  ero—— Targes [OF)

AS1181.111 Parscle Size Distribusion (% paseing) o30s223

& 75%m 100 %W 100

2%em w 100 100

1.18mm ) "0 190

0.600=m ® ] 100

0.30=m 5 (2 8

0.150=m (-] 1 5

0.075=m 0 0 2
AS1H1LYY Clay and Fine Sit (%) 03052023 2
AS128921.1 Masture Comert (%) 03052023 @
Remors Spplerent © Sepifed Report Namber 230600 G120, Remuts apply 1© Be sampio's X3 receyved.

A\

NAT.

v Corpordte Ste Number.

Accedied for compiarce wih ISOMEC 17025 - Testng

Arcrecition Number: 1986

1582

Approved Signowry.  Fiond Miren Gonzoles
Form ID:  I07Rep Rev 1




Construction ™

Construction Schences Pry Lad Laborstery Bossksigh Laberstory
- 74 120 506 728

== o olcim
= Sciences S OB dlochoierbie
Lscorte AAD&XT
SAND REPORT
Chent: Holaim (Australia) Report Number: 15521704181
Chent Address I Project Number 15529714
Proect 5122 - Holcim Lytton Sands Lot Number Saes
Locaton: Beenlegh Internal Test Request:  1552/T/106534
Suppied To Lytton Sand Chiert Referenca's Lytton Sand Sales
Area Descnpton Report Date / Page: 3082023 Page2ed2

PARTICLE SIZE DISTRIBUTION GRAPH - 1552/5/675683

100 o ————)
m .
80 4
o~ m 1
&z
o 601
[
3
& 07
5
g 91
4
30 4
20 4
10 4
o "y 4 ) T T T T T T
o =3 =3 o < - ~ S
=] - » e
S 8 g & & & & &
AS Sieve Size (mm)
Method / Test Test Detals
AS1141.11.1/ Washed State Washed
AS1141.33 / Test Methodology Used Standard
Remorks Sugplement 10 Sempifed Report Number ZXE03F G120, Resuls apply 10 e sampin's 25 recerved

A Accredied for complarce with ISOUEC 17025 - Testng

Comorate Ste Nurder. 1582
v Approved Signotry.  Fion Miren Gonzoles
Form 0. 107Rep Rev 1




AS1141.11.1 AS Partide Size Distribution (Aggregate), 2020, Sample: 1979/5/197423

(rggregate), 2020 for Sample : 1979/5/197423 (=) mewic (O us
= TestedBy: |JardneMedard v Checked By:
& TestDote: | 12/00/2022 v OCwckDete:

& Recurres Check: (] Testvaldty: Open

o
ﬂ

Not Sugpled e x
L
&) =
4 <
24
’_
PG Wb e R - e e s, gy it
8§ 5 bak 5 k atwpBR3ge
Torget Pan Mass (g): 90.00 [shonPecenthetined | sve | cose |

AS51289.2.1.1 AS Moisture Content (Oven), 2005, Sample: Various

AS1289.2.1.1 AS Moisture Content (Oven), 2005 for Sample : 1979/5/197423 ~ @merx OuUs [ Mark A Tests Require Check |
Prepered By: [+ TestedBy: Jardine Medland 3, Chedked By: v
Preperation Date: ) TestDate:  12/08/2022 [v) ¢ Checkpate: | ]
SampePreps:  <Defait> [+ Requrres Chedk [ Test Vaidity: |Open

Sample Number 1979/5/197423

Sample Date 11/08/2022 [v|

Layer Depth |
___Moisture Content J

Meisture Correlation [=-)e)

Misture Test Oven No. Oven 02(%)

Maisture Test Balance o, 8L02 [~

Mdisture Contaner No, c1

Mass of Container (g) 1218.0000 (5]

Mass of Container & Wat Soll (g) 1935.0000 ()

Mass of Container & Dry Sod (g) 1718.0000 (5]

Maisture Content (%) 43.4)




APPENDIX G:

TEST CERTIFICATES FOR CONCRETE

Construction Sciences Pty Ly Laboratory.  Brisbane South Laboratory
-.:_ construction AN 741290008736 Phone 7 3005 312 fax 30O
E— e
= Ascrens: Bratee@ioranaaucecn
= Sciences . =t
57 Muyee Stwet. Pestar wew CrsinstoBoenoe net
Kingston QLD 114
CONCRETE COMPRESSIVE STRENGTH REPORT age 1011
Clert: 1552 - Constuction Scences Beelagh Concrete Class Conteol 1 Date Sampled / Cast 082022 Report Number  1979R/T5648-1
Clert Address Spached Srength (MPa) 00 Nom. Slomp | Tol (am): 12014130 Project Number  1070P/2295
Suppled To: na Lot Number: Agg. Comr. Facter (%) Report Date: 0202
Project James Moler Sampled By. Jardne Medlard Ar Cort. Comp Method Test Request No:  1979T38994
Suppher: Laboratory Tral Samplng Locaton: NA Samping Method Constr Bomert
Clert Reforsnce’s:  Max-1 Veather Controlled Erveonment Structre’s: a1
Test Procsdures AS10122, AS10128.1 (7.4). AS1012.31, AS10129, AS101212.1 I Plant Code / Mix Code: NA / Contral 1
Sarom N Sakch N Tme [Concwte| Sump | maat | Oswotvest | Testage | Cumng Specmen Dmensons (mm) | Mo Ut | Compseve Test Remarks
cast '("c':‘ (mm) | Cumng ey ononcrs | AvgDameter | Hegne (g Svengn (WFa)
1970106460 M-t 0346 2 100 P 10082022 | 23 houss oRY 1002 105 2220 20
1979/C/196461 M1 046 2 0 a 12082022 | dcays | 45hous-STD %000 196 B0 00
19790196462 M1 0846 2 100 a 16082022 | Tcays | 6days-STD %02 19 0 ns
1979/C/196463 M1 0346 2 100 2 6092022 | Bdeys | 27deys-STD s % 20 60
19790196454 M1 0346 2 100 a2 6092022 | Bdays | 27 days-STD 0.1 199 B0 as
19790196465 Mex-1 0246 2 100 2 0202 | %deys | S5days-STD 09 9 40 “us
1979196406 M-t o | 2 100 2 410202 | %6deys | S5deys-STO %00 197 2340 0

Note 1: Tamparature Zone - Sandard Tropueal Zore
Note 4 Ground End used 00 $0RCmens unikss otherwse stated

Note 2- Curing Cosdibons: STD = Standard Most Cuing. MST = Mot DRY = Oy Note 3 Samging from NA
Note S All specrmens are measered and weghed uncapped

Note 6 This mpont is for concrete sampied and lested by this aboratry

A\
Vv

AcCredated 1or Compiance wih ISOIEC 17025 - Testng

Comorate Ste Number.

1986
1979

-
Approved Sgnatery:  Jeseph Comiskey
Form D:  We4Rep Rev |




Constraction Sciences Pty Lts Laboraory:  Brisbane South Labentory

-"'-_ constrUction ABN 72120 006 738 Bnone o7 see 3312 L e
P
- H
— Ao BraBIne GUonituCIor e’
= Sciences i -
57 Mucgee STeet. et W CONSTUCIONIORNRS Net
HNgSIN QLD 414
CONCRETE COMPRESSIVE STRENGTH REPORT poge 11
Clent: 1552 - Constuction Sciences Beenleigh Concrete Class: W1t Date Sampled / Cast: 3082022 Report Number.  1979/R/75649-1
Clent Adiress: _ Specified Sreegth WPa) 00 Nom Sump ! Tel (mm): 120/ .30 Project Number  1979/P12295
Supplied To: na Lot Number: Agg. Corr. Factor (%) Report Date: 6102022
Project: James Moler Samplec By Jardine Mediand Air Cont. Comp Method: Test Request No: 19797738995
Suppher. Labonatory Tial Samping Locaton NA Samging Method Conetr. Element: -
Clent Reference's:  Max-2 Weather Controled Emironment Stnctre's M2
Test Procecures AS10122 AS10128.1 (7.4), AS1012.3.1, AS1012.9, AS101212.1 l Plant Code / Mex Code: NA/FW
Sampie No Batch o Teme | Concrete| Sump noal Date of Test | TestAge Curng Specmen Dimensons (mm) mw Compressive Test Remarks
cast '(‘3’ (men) | Cumng res) Conancns | AvgDameter | Hesgne (pm”) Strengn (M3
1979/C/196473 Mox-2 %22 2 150 2 10082022 | 24 hours ORY @9 198 240 30
19790196478 Mox-2 022 2 150 ] 12082022 | 3days | 45hours-STD €9 198 380 a0
1979C/196475 M2 0822 2 150 2 16082022 | Tdays | 6days-STD 1000 19 280 0
1979C/196476 Mix-2 w22 2 150 2 6092022 | Wdays | 27days-STO 100.0 199 2360 a5
1979C/196477 Mox-2 0922 2 150 3 6092022 | Bdays | 27days-STD €9 198 280 20
1979/C/196478 Mox-2 06u2 2 150 2 4102022 | 6cays | SS5days-STD 1000 19 380 35
19790196479 Mx-2 02 2 150 2 4102022 | S6deys | S5deys-STD 07 199 260 55
Ncte 1 Temperature Zone - Stndard Tropical Zone 'Note 2 Cusng Condtions: STD = Standard Mot Cung, MST = Noist, DRY = Dy Note 3 Samping from NIA
Nete 4: Ground End used on specimens uniess otfernise stated Note 5: All specimens are measured and weighed uncapped. Note 6 This report is for concrete sampled and tested by this laboratory.
A Accredted for compionce weh ISOIEC 17025 - Teseng Remans
INATA  Acoeduon Number 1986
Corporate Site Number: 1979
Vv ot Sy Bk iy
Form D:  W84Rep Rev |
Comstruction Sciences Pty Lis Laboratory.  Brisbase Souh Ladoatory
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CONCRETE COMPRESSIVE STRENGTH REPORT Pge 41
Clent: 1552 - Construction Sciences Beenleigh Concrete Class: 7] Date Sampled /Cast: 9082022 Report Number.  1979R/75650-1
Clent Address: Specified Strength (MPa): 00 Nom. Skump | Tol (mm): 120/ 4430 Project Number 197092295
Suppled To: na Lot Number: Agg. Corr. Factor (%) Report Date: 102022
Project James Moller Sampled By. Jardine Mediand Air Cont. Comp Method: Test Request No:  1979/T/38396
Suppher: Laboeatory Trial Sampiny Locaton NA Samging Mehod Congtr. Blemert -
Clent Reference's:  Mx-3 Weather Controled Enveonment Structure’s: M3
Test Procedures: AS10122 AS10128.1 (7.4), AS1012.3.1, AS1012.9, AS101212.1 IMM/WM NA/FW2
Sanpie No saxn o Tme |concete| sump | mea | Dseorvest| Testage | umg | speomenomensonsgnmy | MEEPEUR | compessve Test Remarks
cast ‘(‘.'c‘,’ ren) | curng rew) Conamons | AvgDametsr | Heigne 5m) Svengh (MPy)
197901196436 M 09355 2 120 2 10082022 | 24 hours DRY %8 197 220 ns
197901196487 Mol 0355 2 130 2 12082022 | Jdays | 45hours-STD N9 196 i) %0
197901196438 Mod 0355 2 120 2 16082022 | Tdays | 6days-STD 99 198 20 us
19701196439 Mix3 955 2 120 2 6002022 | Bdays | 274ays.STD %9 197 ) &5
197901196430 Mod 0355 2 130 2 6092022 | Bdays | 27days-STD 100.1 197 340 as
1979C/196431 M3 0355 2 130 2 4102022 | Sdays | SSdays-STD N9 198 240 25
16790106492 Mo 0955 2 130 2 4102022 | S6days | SSdays - STD 100.1 196 280 50

Note 1. Temperature Zone - Sandard Tropical Zone

Note 4: Geound End used on specimens uniess otherwise stated

Note 2- Cusng Condiions: STD = Standard Moist Cuing, MST = Moist, DRY =Dy Note 3 Samping from NIA

Note 5: All specimens are measured and weighed uncapped

Note 6: This report is for concrete sampled and tested by s aboratory.
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CONCRETE COMPRESSIVE STRENGTH REPORT P2 a1
Clent: 1552 Construction Sciences Besnleigh Concrets Class w3 Date Sampled /Cast 9082022 Report Number.  1979R/75552-1
Coent Addrest Specifed Strengh (WPa): 00 Nom. Sump/ Tol (am): 120/ +.30 Project Number 197092206
Suppled To: na Lot Nunber: Agg. Corr. Factor (%): Report Date: 6102022
Project: James Molier Sampled By Jardine Mediand Air Cont. Comp Method: Test Request No: 1979/7/38997
Suppher Laboratory Trial Sampiing Locanon WA Samging Method Conetr. Blemeet -
Chent Reference’s:  Mix4 Weather Controled Emvironment Stucure’s: Mot
Test Procedures: AS10122, AS10128.1 (74), AS1012.31, AS112.9, AS1012.12.1 lMOooe/thode NA/FW
Sampie No BatchNo Tme |Concrete| Sump | msa | Dmeorvest | Testag |  cumy Specmen Dmensons (mm) ""m""‘ Compressee Test Remarks
cast :‘.‘8’ (mm) | Cumng () Gonamons | Avg Dameser | Heigne (gpm?) Swengn (MP)
1976C/196490 Mot 10:46 2 130 21 10082022 | 24 houns ORY w8 196 280 92
1979C/196500 Mad 1046 2 130 21 1208202 | 3days | 45hours.STD 1003 198 00 20
1979C/196501 Mod 1045 2 120 21 1608202 | 7days | 6days-STD €9 197 230 5
1979C1196502 Moct 10:46 2 130 2 600202 | 28days | 27days-STO 100.1 19 2300 @5
1979C/196503 Mod 1046 2 120 21 609202 | Bdays | 27days-STD K9 197 B0 a0
1979C/196504 Mad 1046 2 130 2 4102022 | 6days | S5days-STD 100 197 230 20
1979C/196505 Mo 10:46 2 120 21 410202 | %6doys | S5doys-5TD 100.1 97 200 “o
Note 1 Temperature Jone . Standad Tropeal Zone Note 2 Cunng Condtons: STD » Standard Mast Cunng. MST = Most, DRY = Dry Note 3 Samping from NA
Note 4: Ground End used on specimens uniess ohenwise stated. Note 5: All specimens are measured and weighed uncapped. Note 6 This report is for concrete sampled and tested by this laboratory.
A Accreaned for compionce with ISOMNEC 17023 - Tesang Remarts.
INATA  Acoredtaton Nmber 1986
Corporate Site Number: 1979
v Aoproved Signatery:  Joseph Comiskey
FormD: W84Rep Rev |
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CONCRETE COMPRESSIVE STRENGTH REPORT Page 1911
Clent: 1552 - Constuction Scences Beenleigh Concrete Class: v Date Sampled / Cast 9087222 Report Number.  1979/R/75653-1
Client Address: Specified Strength (MPa): 00 Nom. Siump | Tol (mm): 120/ +-30 Project Number.  1979P/295
Suppled To: wa Lot Number: Agg. Corr. Factor (%) Report Date: 6102022
Project: James Molier Sampled By Jardine Mediand Alr Cont. Comp Method: Test Request No: 19797738958
Scppler: Laboratory Tral Sampling Locaton NA Samping Method: Consty, Blemert -
Clent Reference’s: M5 Waather Controliad Envronmant Structrels: oS
Test Procedures: AS10122, AS10128.1 (7.4), AS1012.3.1, AS1012.9, A5101212.1 IMCoce/MxCoce NA/FVS
Sarple No Batch No Time |Concete| Sump heal Date of Test | Test Age Curing Specmen Dmensions (mm) mm Comgressive Test Remarks
st | T | om) [cumgee Condtors | AvgDameter | Heignt fom) | Srenghues)
197901196512 M5 124 F 130 2 10082022 | 24 hours DRY 102 197 240 X
19790196513 Mos 124 2 130 2 12082022 | 3cays | 44hours-STD %6 19 280 20
1979/C/196514 Mos 124 2 130 2 16082022 | Tdays | 6days-STD 102 198 260 05
1979C/196515 M-S 124 2 10 2 6092022 | 2Bcays | 27d0ys-5TD 1001 19% 2300 “s
1979C/196516 MaS na | 2 | % 2 6092022 | Bdays | 27days-STO | 1004 197 280 a0
1979/C/196517 M-S 124 a2 130 2 40202 | SScays | S5days-STD 100.1 19% 20 a0
1979C/196518 Maxc§ 1:2¢ 2 130 2 4102022 | S8cays | SSdays-STD 1007 197 240 %0

Nate 1: Temperature Zone - Standard Tropical Zone

Nete 4: Ground End used on specimens uniess otherwise stated

Note 2 Curing Conditons: STD = Standard Mast Cuing, ST = Moist, DRY = Oy Note 3 Samping fom NA
Note 5: All specimens are measured and weighed uncapped

Note 6 This rsport is for concrete sampled and tasted by this laboratory.
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CONCRETE COMPRESSIVE STRENGTH REPORT Page 11
Clent: 1552- Construction Sciences Beenleigh Concrets Class: FA1 Date Sampled /Cast: 10082022 Report Number.  1979R/75654-1
Crent Asress _ Specibed Strength (WPa): 0.0 Nom. Stump! Tel (mm): 1207 +-30 Project Number 107072205
Suppled To: na Lot Nurber: Agg. Corr. Factor (%): Report Date: 6102022
Project: James Moller Sampied By Jardine Mediand Air Cont. Comp Method: Test Request No:  1979/T/39102
Suppher Laboratory Trial Sampling Location: NA Saergling Method: Consr. Blemert -
Clent Reference’s: M Weather Controled Environment Structure’s: M
Test Procedures: AS10122 AS10128.1 (74), AS1012.31, AS10129, AS1012.12.1 |MO&QIM:C¢¢& NATFAL
Sampie No BakchNo Time |Concrete| Siump nsal Date of Test | TestAge Curng Specmen Dimensons (mm) mw Compressne Test Remarks
Cast '('.g (mem) | Cung (o) Conamens | Avg Dameser | Hegnt ) Swengn (MFa)
1979C1196340 M %31 2 130 2 11082022 | 24 houss ORY 102 197 220 1o
1979C/196341 Mx$ BN 2 1% 2 13082022 | 3days | 46hours.STD 89 197 2380 a0
1979C/196342 Mx$5 w3 2 1% 2 17082022 | 7days | 6days-STD 89 198 260 s
1979C/196943 Mo 931 2 120 2 7092022 | 2days | 27days-STD %3 198 280 a5
1979C/196544 Mx$ 83N 2 1% 2 709202 | Bdays | 27days-STD 98 19 2360 “s
1979C/196345 Mx$5 93 2 1% 2 10202 | 6cays | S5days-STD 004 196 260 80
1979C/196546 Mg %31 2 120 2 102022 | 6cays | S5days-STD 1901 19 2360 455
Note 1: Tempeature Zone - Standand Tropcal Zoce Note 2: Cuing Conditions: STD = Standard Moist Cuing, MST = Noist, DRY = Dry M3$MMNA
Note 4: Ground End used on specimens uniess oherwise stated Note 5: All specimens are measured and weighed uncapped. INote € This raport is for concrete sampled and tsted by this iaboratory.
A Accredted for compionce wih ISOIEC 17025 — Testing Remans
NATA  Aceduson Nurber e
Carporase Sae Number. 1979
v Approved Signatery: - Joseph Comiskey
FormID: W84Rep Rev !
‘Conatruction Sciences Pty Lt Ladboraory.  Brisbane South Ladoratory
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CONCRETE COMPRESSIVE STRENGTH REPORT Poge 11
Clent 1552 - Constuction Scences Beenleigh Concrete Class: FA2 Date Sampled / Cast 10082022 Feport Number.  1979R/75655-1
Clent Address: Soecified Svength (MPa): 00 Nom. Sump/ Tol (am): 120/ +-30 Project Number.  1979P2295
Supplied To: na Lot Number: Agg. Corr. Factor (%) Report Date: 6102022
Project: James Moter Sampled By. Jaraine Mediand A Cont. Comp Meod Test Request No: 19797739104
Supplier: Laboratory Taal Sampling Location: NA Samging Method: Constr. Elemert -
Clent Reference's:  Max.7 Weather Controled Emironment Stuctre’s: o7
Test Procadures AS10122 AS10128.1 (7.4), AS1012.3.1, AS10129, A5101212.1 ]Pmcwe/u:om WA/ FA2
Sanpie No Batch No Teme | Congete| Sump noal Date of Test | TestAge Curing Specmen Dimensions (mm) Mass per Unt Comgressive Test Remarks
Cest ‘f.c? () | Curng (e Conditins | Avg Dameter | Height ) Stengh (MPa)
1979/C/196957 Mex.7 008 2 130 2 110872022 | 24 hours DRY 1000 197 820 0o
1979/C/196958 Mo 7 1008 2 130 2 13082022 | 3days | 46hours.STD 1002 19 340 50
1979/C/196959 M7 1008 2 130 2 17082022 | Tdays | 6days-STD 89 198 340 20
1979/C/196960 Moc7 008 2 130 2 7002022 | Bdays | 27days.STD 1003 1% n0 %0
1979/C/1969%51 M7 008 2 130 2 TR0 | Bdays | 27days-STD 103 19 80 %0
197901196962 Mec.T 008 z 130 2 S10202 | Sdays | SSdays-STD 100.1 198 240 05
1970/0/196963 Mec.7 1008 2 130 2 5102022 | S5days | SSdays.STD @07 198 2340 05

Nete 1: Temperature Zone - Sandard Tropical Zone

Note 4: Ground End usad on specmens uniess oherwise stated

Note 2 Cusng Conditons: STD = Standard Most Cung, MST = Moist, DRY = Dry M3SUMMMA
are measured and weighed UNCappes.

Note 5: All specimens.

Note 6 This report is for concrete sampled and t2sted by this aboratory.
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CONCRETE COMPRESSIVE STRENGTH REPORT Page 1t
Clent 1552 . Constuction Sciences Baenleigh Concrete Class A3 Date Sampled / Caet: 10082022 Report Number  1979/R/73856-1
Clent Address: _ Specified Strength (W) 00 Nom. Sump! Tal (am): 120/ +-30 Project Number:  1979P/2295
Supphed To: na Lot Number: Agg. Corr. Factor (%) Report Dase: 610202
Project: James Molier Sampled By: vardine Mediand A Cont. Comp Method: Test Request No: 1979/T/38105
Suppler: Laboratory Tral Sampiing Locaton NA Samging Method: Constr. Blemest -
Clent Reference's: M8 Weather Controtied Environment Structae's [T
Test Procedures: AS10122, AS10128.1 (7.4), AS19123.1, AS10129, A5101212.1 [ Piant Code / Mux Code: NA/FA3
Sarrple No Batch No Time |Concrete| Slump haal Date of Test | Test Age Curing Specmen Dimensions (mm) mw Compressive Test Remarks
Cast T;'c'f (mm) | Curng o) Condiicns | AvgDameter | Heignt dgm) | Svenghuen)
1979/C/196970 Mag 1036 2 130 21 110872022 | 24 hours DRY 1005 19% 280 88
1970//106971 Mot 1036 2 130 21 13082022 | 3days | 46 hours.STD 1001 199 2300 no
1979C/196972 Mg 1036 2 130 21 170872022 | 7Tdays | 6days-STD 989 19 00 ne
1979/C/196973 Mg 1036 2 130 21 7092022 | Bdays | 27days-STD 89 198 B0 450
1979/C/196974 Mg 10:36 2 130 21 7092022 | Bdays | 27days-STD b1 198 200 450
1979/C/196975 Mg 1036 2 130 21 $102022 | S6cays | SSdays-STD %9 197 220 @0
1979C/196976 (%) 036 2 130 21 10202 | %oy | SScays-STO w7 198 220 90
Ncte 1: Temperature Zone - Sandard Tropical Zone Note 2: Cusng Conditions: STD = Standard Moist Curing, MST = Moist, DRY =Ory  Note 3 Samgiing from NA-
Nete &: Ground End used on specimens uniess othenwise stated Note 5 All spacimens are measured and weighed uncapped Note & This mport is for concrete sampled and tested by this aboratory.
Accredted for complonce weh ISOIEC 17025 - Testing Remors
NATA Accreditaton Number: 1986
Comorate Site Number: 1979
v Approved Sgnetory.  Jeseph Comiskey
FormD:  W84Rep Rev |
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CONCRETE COMPRESSIVE STRENGTH REPORT Page 111
Clent: 1552- Construction Sciences Besnleigh Concrets Class: FA4 Date Sampled /Cast. 10082022 Report Number.  1979R/75657-1
Clent Address: Specified Srergth (WPa): 0.0 Nom. Sump/ Tol (am): 120/ +-30 Project Number  1979P2235
Supphed To. e Lot Nurber. Agg. Corr. Fector (%) Report Date: 102022
Project: James Moller Sampled By Jardine Mediand Air Cont. Comp Method: Test Request No: 19797739106
Suppler. Laboratory Trial Sampling Location NA Samging Method Constr. Blement -
Clent Reference’s: M-S Vieamer. Controled Emironment Structre’s: w9
Teat Precadures:  AS10122 AS101281(74), AS1012 31, AS10129, AS1012 124 | Prane Coe / Mix Code NA/FM
Sargie N Bz Tme |Conrete| Sump | mtal | DsectTest [ Testage | Cumg | SpecmenDimensonsimm) | MESPEUM | ooreiie Test Remarks
Cast T("g’ (mm) | Cung () Condiicns | AvgDiameter | Height fom) | Svesgh ey
1979C/196%83 Mx3d 13 2 130 21 11082022 | 24 hours DRY 1000 19 240 18
1979C/196%84 Mol 123 2 130 2 1308202 | 3days | 47hours-STD 1000 197 280 20
1979C/196385 Mxd 1125 2 130 21 17082022 | 7deys | Gdeys-STO 1002 199 240 a3
1979C/196%85 Mocd 125 2 130 21 709202 | Bdays | 27days-STD 100.1 197 260 450 Sulphur Cap
1979C/196%7 M3 125 2 130 21 902 | Bdays | 27days-STD €6 200 280 “s
1979C/196%8 Mx3 125 2 130 2 §10202 | 6cays | S5cays-STD @98 19 280 s
1979C/196989 Mx3 1125 2 130 21 510202 | Scays | S5days-STD 1000 197 280 450

Note 1: Tempeature Zone - Standard Tropcal Zose
Note 4: Ground End used on specimens uniess ohenaise stated

Note 2: Curing Conditions: STD = Standard Most Cuing, MST = Most, DRY =Dy Note 3 Sampiing from NA

Note 5: All specimens ane measured and weighed uncapped.

Note 6 This report is for concrete sampled and tested by this aboratory.
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MODULUS OF RUPTURE REPORT P
Chent: 1552 - Consructen Scerces Beenleich Concrete Class Control 1 Date Sampled /Cast 2062022 Report Nurber:  1979R/71353-1
Chert Address — Spachied Sveagh (WPa) 0.0 Nom Stump! Tol () 120/ +-30 Proscthurber  1973P2256
Supplied To: Lot Number Agg. Com. Factor (%) Raport Dote €0¥2022
Project James Moller Samgled By. Jarding Mediang Ar Cont Corp Mehod: Test Request No: 19787138504
Suppler Labcratory Tral Samging Locaton NA Samging Mehod Congy. Blement -
Chent Refererca’s:  Mux.! Weather. Controled Environment Sructrels: M1
Test Procedures: AS10122, AS101282 (7.4) AS1012.3.1, AS101211, ASI01212.1 Plant Code / Mx Code:  NiA/ Comol 1
Sample No sarcn o Te | Surs | ket Cureg | Dote o Test | Testage Cung Srecimen Dmersions () ""“f:;!“’“ Moo of Rupture Test Rermans
Cost | (mm) | (houss) Conditons Wiae Deptr Span o) WP2)
1979011 %43 Mix-1 0845 100 2 16082022 | Taays 6aays - STD 1004 100.1 30 230 41 Ret: Flex
1979015649 M1 0845 100 2 €002022 | 28dsys | 27dmys-STD | 1004 1007 300 20 53 Ret: Flex
1979C1%470 Mix-1 0845 100 23 6092022 | 8days | 27days-STO 1004 1003 30 24 60 Ref: Flex
Note 1. Terrpensiure Zone - Sndard Tropcal Zore Note 2° Curing Condtions: STD = Standard Meist-Cumng, MST = Most DRY =Ory  Nete 2. Sampiing from NA
Nole 4. Al bears are meagured and weighes Uncagoed Note 5 This regart s f0r concrete sampled and tested by this kadcratory.
A Accredied for compliosce whISONEC 1702¢ - Testay Remars
Corporate Site Number. 139
v Aperoved Sgnatory.  Joseph Comiskey
FormID:  Wo5Rep Rev 1
Constructor Sceaces Pty Lic Laboatory.  Bratins Souih Laderatory
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MODULUS OF RUPTURE REPORT page 161
Chent: 1552 - Constructon Sciences Beenleigh Concrete Class Fw1 Date Savgied / Cast 2062022 Report Number:  1979R/71954-1
Coert MdFress Specified Steagth (WPa). 0.0 Nom Sume/ Tol (mm): 120/ +-30 ProjectNumber.  1979P2295
Supplied To na Lot Number: Agg Com. Factor (%) Report Date: 609202
Project James Maller Sampled By Jardine Medhns Ar Cont Cemp Method: Test Raquest No: 19747735565
Suppher Laboratory Tral Samping Locsson NA Samping Method Consy, Dement
Chert Reference's:  Mix2 WWeather: Contolled Environment Sructure'sc M2
Test Procedures: AS10122, AS101282 (7.4) AS1012.3.1, AS101211, AS1I012.12.1 Plant Code / Mix Code:  NA/FWI
Sarpie No Batch No Tme Sturg | Inkal Cureg | Date of Test| TestAge Curing Specimen Dmengions (mm) w"v;:"mw Moduus of Rupture TestRemads
Cast (] thowrs) Conditicns Widh Deptr Span (gm”) (W)
19790196481 Mix-2 0322 150 3 16082022 | 7days Gdays. STD 1002 1004 300 0 a7 Ret: Flex
19790196482 Mix-2 0322 150 2 8092022 | Bdays | 27days-STD 1007 1004 300 %0 59 Ret. Flex
197900196483 Mix-2 022 150 2 6092022 | Bdays | 27deys-STO | 1004 1005 300 2340 66 Ret. Flex
Note 1 Tempersiure Zone . Stndard Tropeal Zore Note 2 Cuting Conditions STD = Standard Nok VET = Voct DAY =Dy Note 3 Sampiny from WA

Note & All bears are meagured and weighed uncagoed

Metet.Cuing
Note 5. This regort is for concrete canplied and tested by this laboratory.
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MODULUS OF RUPTURE REPORT Page 114
Cert. 1552 - CONIuction Scarces Sesniech Concret Clsss 2 Date Sampied | Cast %0802 Report Namber.  197aR07 19551
cetores ([ Specied Svengh (Wa) 00 Nom. Stumo Tl (ami: 12074430 Pojectiumber  1973P225
Suppled To na Lt Nunber: Agg Com. Factor (%) Report Date: 8092022
Project James Moler Sampied By. lardine Vedizg Ar Cont Comp Method: Test Request No: 1973738%6
Supober Latcratory Tral Sameling Locasion NA Samging Mehod Congy, Bement -
Chert Refererce’s:  Mixd Weather: Controled Environment Structre’s: M3
Test Procadures: AS10122, AS101282(7.4) AS10123.1, AS101211, AS1012 121 Piant Code / Mx Code.  NA/FWR2
Sarpie No Bach No Toe | Surg | ikt Curing | o ot Test| TestAge | curng Specimen Dmersiors (rim) ”‘s‘b,’:;!w Modes of Rupture Test Rermarts
Cast (mm) (hours) Conditons Wian Degth Span ko) WPa)
R E M3 0355 130 2 16082022 | Taoays Gdays-STD s 1001 300 30 40 Ret. Flex
1979C1%435 M3 0355 1% 2 6192022 | 2Admys | 274ms-STD 101 1004 300 22 53 Ret. Flex
19790/1%4% Ve 0955 | 1% 2 8092022 | 2dme | 27éme.sO| 1012 @8 300 250 52 Ret Flex
Note 1 Terrpensure Zene - Standard Tropeal Zore Note 2 Caring Conditons: STD = Standard Meist-Cumng, MST = Most DRY =Dy Nate 3. Samping from NA
Note 4 Al beans are meacured and weighes uncapoed Note 5: This repart is for concrete sampled and testecby this laboratiry.
Accredind for comphance wh ISONEC 17025 - Testng Renarks
Corporate Ste Number: 179
v Approved Sgnatery.  Joseph Comiskey
FormID: W6Reg Rev 1
Construction Sceaces Py Lt Laboracey.  Briadans Soulh Ladcertory
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MODULUS OF RUPTURE REPORT P11
Clert: 1552 - Congtruction Sciences Beenleigh Concrete Class L) Date Samgled / Cast 2082022 Repoet Naber:  197AR/71368-1
Coert Addrest Speced Srength (WPa): 00 Nom Slume / Tel (mm): 120/ +430 roject Namber:  1970P2295
Supplied To: na Lot Numper Azg. Com Facor (%) Repcet Dawe e0%2022
Project: Jameas Moller Sampied By Jardine Vediand Ar Cont Comp Megtod: Test Request No: 1979713887
Suppler Laboentory Tral Sampling Locaton: NA Sameping Mehos Consty. Eement -
Chert Referenca’s:  Mix4 Wieather: Controlled Envionment Sructae’s: Mxd
Test Procedures: AS10122, AS101282(7.4), AS1012.3.1, AS1012 11, AS12. 121 Plant Code / Mx Code:  NA/FWG
Sample No Batch Ne Tme | Sume |inits Curng | Dateot Test| TesAge Cung Spcimen Dmerans (mm) Macs par Unt |y sz of Rupture Test Remarks
Cact {me) (hours) Conditon: Width Deptn Span (ko) M2a)
19790196507 Mied 10& 10 2 16082022 Tdays Gazys-STO 1002 1000 300 24 42 Ret. Flex
19790196508 Micd 10& 1% 2 8092022 | 28days | 27 days-STD 1002 1021 300 240 57 Ret. Flex
197901196509 Vit 108 [ 130 2 ©002022 | 28dsye | 27dnye-STO | 1035 @9 300 20 ) Ret Flex

Note 1 Temperature Zone - Stndard Tropical Zone
Note & All beams are measured and weighed uncapsed.

MST=Most DRY=Dry  Note 3 Samping rom NA

Nete 2 Curing Cenditons: STD = Standard Most-Curng,
Nate 5: This report is for concrets sampied and t2stedby this laboratory.

A\
NATA

Vv
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- Construction ASKC 74 129006 738 Phone 07 308 3212 fax  onNen
= Sciences azares [ eratre@urTorie: e
57 Zjee Steet, Wecen WS COSICASTRNES Net
Kngsen QLD411E
MODULUS OF RUPTURE REPORT Page 11
Cliernt: 1552 - Congtruction Sciences Beenleich Concree Clast P Date Samgled / Cagt 9082022 Repoet Narber:  1973R/71567-1
St Mddres: Speciied Stength (VPa). 0.0 Nom. Shump  Tol (am: 120/ +430 Project Number, 197392245
Supplied To na Lot Number Ay Com. Factor (%) Report Date: 8032022
Project James Moler Samgied By. Jardine Mediang Ar Cont. Comp Method: Test Request No: 19737/36%8
Suppher. Laboratory Tral Sampling Location: NA Samping Mehod Congty, Bement -
Clent Refereeca's  Mix$ Weaher: Controled Environment Structre’s: M5
Test Procedures: AS10122 AS101282 (7.4) AS1012.3.1, 45101211, AS1012.12.1 Plant Code / Mx Code:  NA/FVM
Sargie o Bateh o Toe | Sury | il Curng | Do ot Test| Testage | Cuing Specimen Dmansices (m) "‘;‘a’;‘m"‘“ Modulus of Rupture Test Remarks
Caet {mem] howrt) Condecre Wien Oeptn Span (hg?) MPa)
1979C/196520 Mix5 124 13 2 1608202 | 7days | Gaays-STD 100.1 1002 300 20 41 Ret Flex
1979C196521 Mix5 124 130 2 6092022 | 228days | 27days-STO 1024 €5 300 280 50 Ret Flex
Note 1:Tepenture Zone - Sandarc Tropical Zore Note 2: Curing Condtions: STO = Standard Motst-Cung, MST = Most DRY =Cry  Note 3 Sampling rom NA
Note & All bears are measured and waiched uncagped Note 5. This regart is for concrete campled and testecby this laboratiey.
Accredied for complance W ISONEC 1702¢ - Testng Remares
INATA  Aoveditaton Number 165
Corporate Ste Namber 1579
v Accroved Sgnatry.  Jkseph Comiskey
FormID: WE6Reg Rev 1
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MODULUS OF RUPTURE REPORT poge 11
Chert: 1552 - Congtructon Sciences Besniegh Concrets Class FA1 Date Sampled / Cast 1008202 Report Nurrber.  197AR/7211541
Chart Addrecs Speciied Svength \WPa) 0.0 Nom Sume/ Tl (mm): 120/4.30 Project Number: 197992295
Supplied To na Lot Number: Agg Com. Factor (%) Feport Date: 02022
Project James Moller Sampled By Jardine Mediand Ar Cont. Comp Mehod: Test Reguest No: 19797138102
Suppher Ladoratory Tral Sampling Locaton NA Samging Method Consty. Bement .
Chent Raferenca's.  Mix4 Vieather. Controled Environment Structre’s: Mx-6
Test Procedures: AS10122, AS101282 (7.4) AS1012.3.1, AS101211, ASI012.12.1 Plant Code / Nix Code:  NUA/FA1
Sampie No san o Tme | Sumg | ine Currg | Do or Test | Testage Cung Svecirren Dmersiors ) "‘;‘d:""“ Mo of uptre TestRemans
Cat (mem) (hours) Conditiont Whaty Depte Span (k) (WPa)
197901933 M- 0931 1% 2 17082022 | T7days 6axys-STD 100.! 1000 30 230 40 Ref: Flex
197901939 M5 03931 1% 2 92022 | Bdays | 274ays-STO 1004 1012 30 220 54 Ref: Flex
19790/196350 Mok 0331 10 2 2022 | 28daye | 27dmye.STO | 1005 1009 300 2300 58 Ref: Flex

Note 1 Temrpersture Zone - Stndard Tropcal Zore
Note 4 All beans are measured and weighes uncagoed

MST=Most DRY =Dry  Nete 3 Samping from NA

Note 2 Quring Condtons: STD = Standard Moist-Cung
Note 5: This regart is for concrete sampled and t2sted by this laborakcry.

A Accredind for complhiance whISONEC 17028 - Testng
165

Accreditaton Number:
Corporate Ste Number.
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MODULUS OF RUPTURE REPORT Page 11
Chent: 1552 - Consructon Sciences Beenleigh Conzrets Class FA2 Date Samgled /Casr 008202 Report Nurber:  1973R.72116-1
o 00 ] Speciies Srergn (WPa) 0.0 Nom. Skump ) Tol (wm): 120/ +430 Pryect Number.  1979P2285
Suppled To na Lot Nuber: Ay Com. Factor (%) Report Date: 092
Project James Moller Sampled By: Jarding Meding Ar Cont Corp Method: Test Request No 1979733104
Suppie Latoratory Trad Samgiing Locason: NA Samging Mehod Consyr. Eement -
Chlent Referarca’s:  Mix. Weather, Controled Environment Sructre’s: Mo7
Test Procedures AS10122, AS1012 82 (7.4) AS1012.3.1, AS101211, AS1012.121 Pant Code / Mx Code  NA/FA2
Samgle No gatch No Tme | Sumg | Ik Cureg | Dote of Test| TestAge Cutrg Syacimen Dmersions (Pm) “‘v;’:n“"‘ Modubs of Rupture Test Remarks
Cest {mm) (hours) Conditiors Widtr Oepth Span (hgi) Ma)
1979C11%%5 Mee? 1008 1% 2 17062022 | T7days | Gas-STD 100.1 998 300 28 443 Ret. Flex
1979C11%%8 M7 1008 1% 2 TNO2022 | 28days | 27days-STD 1002 1005 300 200 64 Ret. Flex
19790196867 M 1008 1% 2 TRO2022 | 20deys | 27days-STO [ 1004 1013 30 250 65 Ret Plex
Wote 1. Tempersiure Zine - Sunaard Trcpcal Zore Nite 2 Cating Condtons. STD = Standard Naist-Cumg. VST = VIoeL DRY = Ory | Noie 3. Sampig 10 NA
Note & Al bears are measured and weighed uncagped Note 5: This regart is ee led and testedby
Accredned for compliance wihISONEC 17025 - Testay Renarss
Corporate Ste Number. 179
V Approved Sgnatcry.  Jeseph Comiskey
Form ID:  W36RegRev 1
- ConstrUCtion ABN 72428006 738 Phoas o7 3089212 Fax o7 1320 8890
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MODULUS OF RUPTURE REPORT Page 111
Clent: 1552 Congructon Scierces Besnleich Concrete Class. FA2 Date Samgled / Cagt 008202 Report Number:  19TAR72117-1
Chent Address Spechied Svengh (Wa) 00 Nom. Sump | Tel {wm): 120/ +£30 Project Number.  1973P2245
Suppied To: na Lot Number Az Com Factor (%) Raport Date 7042022
Project James Moller Samgpled By Jardine Medlans Ar Cont Comp Method: Test Request No: 19737/39105
Sapie Latorsory Tral Sampiing Locason. NA Samping Mehod Congy. Bement -
Clent Referencels:  Mx$ WVieather Controlled Emironment Structre’s: M-8
Test Procedures AS10122, AS101282(7.4), AS1012.3.1, AS1012.11, AS1012 121 Plant Code / Mx Code:  NA/FA3
Sapie No Satch o T | Sume | it Curg | Do ot Test | Testage | Curing Spocimen Dmersions (rm) mw Modudus of Ruptre Test Remans
Cat | (mm) | (ous) Conditions Wiar Deptn Span Ogi) MPa)
1979019978 M8 103% 1% 2 17062022 | Taays 6axs.STD 100.1 1000 300 20 7 Ret. Flex
197901196979 Mee g 103% 1% 21 TN92022 | 2%days | 7days-STO 1004 1000 300 234 64 Ref. Flex
197901%%0 M3 103% 130 21 92022 | 2Adays | 27days-STO 1005 1004 30 2% 61 Ret. Flex
Note 1 Temperature Zone - Standard Tropical Zore Nate 2 Caring Condtors: STD = Standard Maict-Cung MST = Most DRY =Dry  Note 2 Samplng fom NA
Note & Al beans are measured and weiched uncapped

Note 5: This repart is for concrate sampled and testedby this laboratory.
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Corgorate Ste Nurber.
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MODULUS OF RUPTURE REPORT e 11
Clert: 1552 Congtruction Sciences Besniegh Concrets Class FAS Date Sampied / Cast 10082022 Report Number.  1973R721181
Chent Addeess Speciied Syengh (WP2) 0.0 Nom. Sume/ Tl (sm): 120/ +-30 Froject Number:  1979P2266
Suppbed To na Lot Number: Agg Com. Factor (%) Faport Date: 002
Project James Moller Sampied By: Jardine Mediand Ar Cont. Comp Mehod: Test Regoest No. 19797133108
Suppber Laboratory Tral Sampling Location: NA Samging Method Conetr. Blemant
Chert Raferencals:  Mixd Vieather. Contoled Environment Structre’s: Mg
Test Procedures: AS10122, AS101282 (7.4) AS1012.3.1, AS101211, ASI012.12.1 Plant Code / Mx Code:  NA/FA4
Samgie No Batch No Tme | Sume |t Curig | Date of Test| TestAge Cuing Seacimen Dmsrsiors ) "';'d:!w Modubas of Rpture TestRemaris
Coet | ime) | o) Conditicns Widd Destr Span (kg (MPa)
19790196391 M- 125 1% 21 17082022 | 7days 6aays.STD 1000 99 300 20 s Ref. Flex
19790196392 Mg 125 1% 2 9202 | Bdays | 27days-STD 100.! 1002 30 20 60 Ref. Flex
197901196393 M9 125 10 21 092022 | 8deys | 27dsys-STO| 1008 1006 300 2200 57 Ref: Flex
Note 1 Tempensture Zone . Standard Tropeal Zore Note 2 Condtons STD = Standard Metct.Cunng, MST = Most, DRY =Dy Nate 3 Samplng from NA
Note & Al beans are measured and waighes uncagped Note 5: This regart is for concrete sampled and tested by this laborakcry.
ACCTeatEd 1or COMPIIncE WSONEC 17023 - 1630 Remars
NATA  oosdonn Nonker 165 -
Corporate Ste Number. 1479
v Aegroved Signatory.  Joseph Comishey
FormID:W8oRes Rev 1
Comstruction Sciences Pty Lid Labortory.  Brisbane Soulh Ladoratory
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INDIRECT TENSILE STRENGTH REPORT P11
Clert: 1552 Congiructon Scences Beeniegh Concrete Class: Control 1 Date Samgied / Cast 3082022 Report Nurber  1974R/7 13461
smriress [ Specited Syergh (Vo). 0.0 Nom. Shump/ Tl (nm: 120/ +-30 Project Nurber. 19782235
Suppled To na Lot Number: Agg Com. Factor (%) Feport Date: 8092022
Froject James Moller Samgied By Jardine Mediand Ar Cont Comp Mehod: Test Request No. 19797138204
Suppher Laboratory Trial Samplirg Location: WA Samging Mehod Congy. Bement. -
Cliert Reference’s:  Mix-1 Vieather Controled Envieonment Srucare’s: Mox-1
TestProcedures  AS10122, AS101281 (7.4), AS10123.1, 5101210, AS1012.121 | Prant Code /Ntx Cose: NAA! Contd 1
Sangle No Saten o Toe [omcwe| Shep | mte | CootTest [Testage |  Cuimg | Seecmen Dmeesorsimm "‘;‘;;‘""‘ Indrect Tensle TestRemarls
cat | B2 | o | cumges) Constors [ AvgDameter [ Langtn o) | Srengh(vea)
1979019647 Mix-1 0546 2 100 2 809202 | 28daps | 27doys-STD 1000 202 2320 50 Ret Indrect Tensle
Imawnnm.wrwm Note 2 Caring Conditons STD = Standard Moist Cang, MST = Mast, DRY=Dry  Nete 3 Sampling from NA
Note & No Cap used on specinmens urless ofierwice stated Note 5. Al spacirens am measured and weiged Lnapped. Ncte 6 This repart is for concrets sampled and tegted by this laboratory,
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Approved Signat X 5
FormID: WedRepRev 1

Remarks
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INDIRECT TENSILE STRENGTH REPORT page 1611
Client: 1552 - Congtructon Sciences Beenleich Concrete Class: Pt DateSamgled /Cast 2082022 Report Nurber:  1973R71947.1
Cliont Address: | ] Speciid Syengh (Woa) 0.0 Nom. Slump/ Tol (mmj: 120/ +/-30 ProectMuber.  1979P2245
Suppled To. na Lot Numer. Az Com. Facioe (%) Repert Date: 8092022
rcject James Vicker Sampled By: Jardine Vedins Ar Cont Camp Method: Test Request No. 19797/35505
Suppher Lakoratory Tral Samging Location NA Samsing Method Consty, Sement. -
Chant Refersnca’s. M2 Weather: Contolled Environment Sructre’s: Mox-2
Test Procedures AS10122, AS10128.1 (7.4, AS1012.3.1,A51012 10, AS1012.12.1 [mm:mcm: NA/FW
Sample No Batch o Tme [Concree| Sump | el | DaeofTest |Testige | Currg Spesmen Dmenscrs () “\;:ew Inéirect Tencle TestRemads
Cast T(?g (mm) | Curnghes) Condtors | AvgDamster | Lengtn () Stengh (WPa)
1979196420 Mix-2 w2 | 2 150 ) 6092022 | 25dap | Zceys-STD | 1004 € 2340 50 Ret. Indrect Tensie
Note 1 Temperature Zone - Standard Tropical Zore Note 2 Curing Condtons: STD = Standard Ncist Curing, MST = Moist, DRY = Dry Note 3 Sampleg from NA
Note 4 No Cap used on specmeng unless othernise stated Note 5: Al spacimens are maasured nd weighed urcapped. Note 6 This report is for concrete sampled and tested by this laboraory.
A Accredied for comphance w ISONEC 17025 - Tesing Remarky
Corporate Ste Number k]
v Aggeoved Signatory.  Joseph Comiskey
FormID: WedReo Rev |
Constuction Scences Pty L Liborsiory.  Brisdane South Laderatory
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T Acarms (23] Bratane@onTuCIoncRnc: net
o sciences 57 Matgee STt Weoets e CmstInsCAnces net
Kingsen OLD §114
INDIRECT TENSILE STRENGTH REPORT e 1611
Ciert: 1552 - Consruction Scances Beerleich Concrete Class 2 Date Sampled /Cagt 3082022 Report Number  1973R/71948.1
Coart Address _ Soeciied Syengh (WPo). 0.0 Nom. Sume! Tol (mm): 120/ +-30 Project Number.  1978P12295
Suppled To: na Lot Number Agg Com. Factor (%) Report Date 6092022
Prcject James Ve Sampied By: Larding Mediang Ar Cont Corp Metod: Test Request No: 19797/38206
Suppher Laborstory Tral Sampling Locason. WA Samging Method. Consy, Demert. -
Chent Referenca’s.  Mix3 Vieather Controlied Emironment Structre’s: Wx3
Test Procedures AS10122 AS10128.1(7.4) AS1012.3.1, A51012.10, AS1012.121 ]MCodeMx(‘Au NAFW2
Sagle No Satch Ne Tee [Concrets| Shmp | mtal | DateofTest | TestAg |  Curng Spacinen Dmengors () "‘;’;;!"" Ingrect Teacle TestRemarls
cast ’;g; (on) | Curing hes) Condtcns | AvgDameter | Lengtn ) Srengh (Wa)
1979019648 Mie-2 0355 2 1 2 M0N202 | 26days | 27doys-STD 100.0 2200 % 47 Ret Indrect Tensie

Note 1: Terperare Zone - &rmTrcpchme

Note & ho Cao

mad

Nate 2 Cating Condtons. STD= Wmmm-mom Ory

Note 5 Al spacimens are measured and weighed unapped.

Nete 3: Samping from NA

Nete 6: This repert is for concrets sampied and tested by this laboratory.

Accredited for compliance wih SONEC 17025 - Testng
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INDIRECT TENSILE STRENGTH REPORT Prge 191
Chert: 1552 Congyucton Scences Besniech Concrete Class: w3 Date Sampled / Cagt wsA2 Report Namber  1979R/71348-1
Chant Addrecs Spacfied Srength (\Wa) 0.0 Nom Slump/ Tl (mm): 120/ .30 Proect Number 197992235
Supplied To na Lot Number: Ay Com. Factoe (%) Report Date e0aA2
Project: James Moller Samgied By Jardine Vedlang Ar Cont Comp Mehod: Test Request No: 19797/35297
Supoher Laboratory Tral Sampieg Locaton: NA Samging Method Congy, Blement -
Clert Referenca’s:  Mx4 Vieather. Controled Emvironment Sructre’s: Wl
Test Procedures AS10122 AS10128.1(7.4), AS1012.3.1, A5101210, AS012.12 1 [P'MMM!CO& NAFW
Sapie No satn o Toe |concer| Sp | mea | OseotTest | Testage|  cung | Specimen Dmensions (mm "“;?:m“”" Indrect Teasie Test Remanis
Cest '[?’g (o) | Curing es) Gonditicrs | Avg Dameter | Length g Swrength (Vo)
19790506 Mot 1046 2 190 2 8042022 | 2Mday | 27z -STD 1000 201 28 49 Riat Indrect Tencle
Note 1: Temper: 2Zene - Stnviard Tropcal Zore Note 2° Curing Conditons: STD = Standard Meist Cuang, MST = Mot DRY =Dry  Nate 3 Samping from NA
Note & No Cap used on specineng urless ofernice stated Note 5. Al spacimens am maagred and weighed unipped. Ncte 6: This repart is for concrets samgied and testedby this iaboratry.
A Accredind for comphiance wih BONEC 17025~ Tesing Remarts
Corporate Ste Nurber: 1979
v Agoroved Signatcry.  Joseph Comiskey
Form D WedRegRev 1
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INDIRECT TENSILE STRENGTH REPORT Pge 11
Chert: 1552. Congruction Scences Besniach Concres Class L Date Sampled /Cagt. 9082022 Report Narber:  1978R/71360-1
Chaet Addvecs Soaciied Srengh (W0a) 00 Nom Sume/ Tel (v 120/ 4430 Project Number  1972P2295
Supplied To: na Lot Number. Agg Com. Factor (%) Repert Date [ r.77]
Project James Moller Sampled By: Jardine Nediand Ar Cont. Comp Method: Test Request No: 1977138268
Supplier Laboratory Tral Sampiing Locaton: NA Samping Mehod Congty. Bement .
Chert Reference's:  Mx$ Wieather. Controled Emironment Sructrels: M5
Test Procedures: AS10122 AS10128.1(7.4) AS10123.1, A51012.10, AS1012.121 [MCoquCode NAF
Samgie No Eatch No Tme [concren| Smp | meat | Daeotvest | Testag| Cumng | Specimen Dmersirs (v ”“;‘:;e‘"‘ Indrect Tensle Test Remans
Cast 'ﬁa’ (mm) | Curing (ws) Condtons | AvgDameter | Lengtn ) Swengh (Voa)
19700196519 [T 14 2 10 2 500202 | 28day | 27days.STD 1000 20 28 19 Fet Indect Tencle
Note 1 Terrpersture Zene - Stndand Tropical Zore Nete 2 Cuting Conditons: STD= WMMMST'W::DRY Dry  Noe 3 Samoplng from NA
Note 4 ho C: d 0n specrens urless Note 5 Al spacimens a measured and weighed uncpped Note 6: This repert is for concets sampied and tested by this laboratory.
ccredind for camphance wih SONEC 17025~ Tesing Renarts
Corporate Ste Nurber 179

FormID: WedRegRev 1

Apgroved Signatery.  kseph (omskey
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INDIRECT TENSILE STRENGTH REPORT Poge 11
Chert: 1552 Congructon Sciences Beenleich Concrete Class FA1 Date Samgled / Cast 1008202 Regort Nurber:  1979R72119-1
Chert Address Speciicd Svength (W) 00 Nom. Stump / Tol (mm): 120/ +30 Project Nember:  1979P22%5
Suppbed To na Lot Number Agg Com. Fautor (%) Report Date: 02
Project James Moler Sampied By Jarding Vediand Ar Cont Comp Method Test Request N 19797/39102
Supphier. Laboratory Tral Samplng Locaton: NA Samgping Method. Consty. Bement:. -
Chert Referenca’s  Mxd Vieather Controlled Enveonment Sructres: M6
TestProcedures  AS10122, AS10128.1 (7.4), AS1012.3.1, AS101210, AS1012.121 | Prant Code / Mix Coce: NA/FAL
Sagle No 3ch N Tme |Conce| Smp | mtal | DmeofTest | TestAge | Cuing | Specimen Dmensonsimm) "“v;’:m‘"“ Irdrect Tencie Test Remarks
cast '(fg (mm) | Carng (res) Condtors | AvgDamstsr | Lengn g Strength (VPa)
197007 Mic§ 0931 2 13 2 100202 | 8days | 27 dayz-STO 1002 201 240 45 Ref Indirect Tensle
Note 1 Terrpersture Zone - Standard Tropical Zore Nete 2° Curing Conditons: STD-MSR\::MMS‘-MDRY-W Note 3. Sanping fom NA
Note & Mo Cap used uriess Ncte 5: Al specimens 3 measwred and weighed uncipped. Note 6 This repcet  for concrets sampled and tested by this labceatory.
Recrediad tor comphante wth BONGC 17025 - Testng Remores
Corgorate Site Nurber 179
Vv EP—
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INDIRECT TENSILE STRENGTH REPORT P11
Chert: 1552 - Congiructon Scenves Besrieigh Concrete Class FA2 Date Sampled / Cast 1008202 ReportNurber  1973R72120-1
Chent Addrece Speched Srengh (W) 00 Nom. Stume / Tol (mmic 120/ 4.30 Project Number 197492266
Supphed To na Lot Nuner Az Com. Factor (%) Repcet Dot 7092022
Project James Moller Sampied By larding Mediang Ar Cont. Corp Metod: Test Request No: 1979T/39104
Suppler Laboratory Tral Samelng Location NA Samging Method Consty, Barwet -
Chent Raferencals:  Mix-7 Weather. Controled Envieonment Sructre’s: M7
Test Procedures: AS10122, AS101281 (7.4) AS1012.3.1, 45101210, AS1012.12.1 IMC&QJ“!CAQ: NAFA2
Sample No Satch No T |Concres| Shmp | e | Dseotress | Testage |  Cumng Soacmen Dmergors mm "“v::":" Indrect Tensle Test Remarks
Cast }."(':')’ (e | Curng ws) Condtcrs | AvgDamessr | Lengin hgnr) Swengh (Va)
1979019654 M7 1008 2 120 2 709222 | 28dap | 27days.STD 1000 1% 70 42 Ref indrect Tencle
Note 1: Tempernsture Zone - Sundard Treoical Zore Note 2 Curing Conditons: STD = Wmmmhmw Ory  Nate 3 Samolngfrom NA
Note & No Capused on specmens unless otheraise stated Note 5: Al spacirens are measured and weighed unapped Ncte 6: This repcrt is for concrets sampled and tested by this laboratory.
Accredind for comphanct Wi ISONEC 17025~ Tesing Remarts
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INDIRECT TENSILE STRENGTH REPORT poge 11
Chent: 1552- Congiructon Scarces Besriech Concrets Class FA3 Date Samgled / Cast 10082022 Report Nurber:  1579R/72121-1
Chant Addrass Spachied Syength (WPa) 00 Nom Stume/ Tel (nm): 120/ 430 Project Number: 197992295
Supplied To: na Lot Number: Ay Comr. Facor (%) Report Date 002
Project James Moller Sampied By Jardine Mediand Ar Cont. Comp Method: Test Regoest No. 1979T/33105
Supgier Lavcratory Tral Sampling Location NA Sameing Mehod Congtr. Elerent -
Chent Rafarencals:  Mixd Vieather. Controled Enveonment Srucre’s: M-8
Tast Procedures AS10122, ASI01281 (7.4) AS1012.3.1, 5101210, ASI012 121 [PaxCode Mix Code: NA/FA
sanpe No saten o Tme |oorcree| Sp | e | omworrest | Tesage| Gumy | Specmen Dmensiors “‘;‘d‘m’“ Inarec: Tenste TestRemans
Ccast T(E'g‘ m) | Curng fues) Condtirs | AvgDameter | Length 0 Stengh (VPa)
19790196977 Mie.2 103 2 130 2 TOAA2 | 28dag | 27day:.STD “e 19 20 46 Ref indrect Tencle
Note WMZm Stndard Trepeal Zore Note 2 mm ST0= memhl&uxw Dry  Note 3 Sampley from NA
Note & No Cap used on specmens urless otheraice stated Note 5: Al specimens ae maasured and weigned uniapped. Note 6 This repart is for concrete sampled and tested by this laboratory.
Accrosited for compliomse wihISONEC 17025 - Testay Remarks
NATA  oosdiotinNater 1%
Corgorate Ste Nuber 1479
N reerored S il
FormID:  ViG4Res Rev !
Conatructon Soeaces Pty LY Laboraiory.  Bradass Soub Ladorstory
- ConstrUCtion ASN: T4 128406 735 = oramssaaiz Fax o7 3320 809
-: SC|ences Acares (2 BrATR@ONCIONCRIC
57 Watzee ST, Wetats W CoRsCRRsCences et
KAGSEN QLD 4118
INDIRECT TENSILE STRENGTH REPORT e 161
Chert: 1552 - Congtructon Scunces Beeriech Concrete Class FA4 Date Sampied / Cagt 1008202 Report Number:  197AR721221
Chent Address Speciied Strength (WP3): 0.0 Nom. Sume ) Tel (mm): 120/ 4130 Project Number.  1973P2295
Supphed To na Lot Numper: Agg. Com. Factor (%) Raport Date: 02
Froject James Moller Samgied By: Jardine Mediand Ar Cont. Comp Method: Test Request No: 19737139108
Supplher Laboratory Tral Samping Locaton: NA Samping Mehos. Concty. Bamant .
Chert Reference’s: M9 Weather Controled Enveonment Sructae’s M9
Test Procedures: AS10122, AS10128.1 (7.4), AS1012.3.1, AS1012.10, ASD12.121 ]P‘MMW&COQ NA/IFAL
Sanpie No Batch No Toe |Concrew| Surp [ meat | Comoties | Testage| Cumng | Specmen Dmersors rm) "“;‘d’:m"“ ngrect Tercle Test Remaris
cast ’[‘.'é';’ ) | Cang ors) Constors | AvgDameter | Lengin o) Srengh (Va)
19700C1%EH0 Mo 126 2 130 2 100202 | %day | 27dayz . STO ws 02 2240 a1 Ref Indrect Tencle
Note 1: Temperature Zene - Siandard Tropical Zore Nete 2: Curing Cenditons: STD = WMM\ST-MDRY Ory  Noe 3 Samong fom NA
Note 4 No Cap used on specimens ofheraite stated Note 5: Al spacimens ar measred and weighed uncpped Note 6 This report is for concrets sampled this laboratory.
Accredind for compliance wih SONEC 17029 - Testng Renarks
NAT. Accreditaton Nuber: 196
Corgorate Ste Nurber 179
v Apgroved Sgnatory.  Joseph Comiskey
FormID:  WidRepRev 1
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- . BN TeMETIS Prote 009848352
—=- Construction e
ot i razess Eral  Beeteighcommkesceece ret
— Sciences -
Laxcorge OLD 4257
Chent 1978 - Comstrcion Sciences Kingsion (Concele) Repor Number. 1552/R168353-1
ClentAcaess Project Nurber 1852P408
Project: Tested As Received Lot Numper:
Locaton: Kingston Inteny Test Request:  1552/T/1084258
Component: 1579728964 Clent Reference's 1979/CC1376
Area Dascrption James Moller - Control 1 - Mix-1 Repor Date/ Page:  17/102022 Fage t ol
Sample Coce 158210673051
Test Proceduras: AS1012.11, AS10128.2 AS10128.4 5.23), AS101213
Conattion Recaved Saurated Date of Demoulding: 10082022
Concrete Suppler: Lavoratory Trial Date of INtaiReadng: 16062022
Class of Concrete Ceonvol 1 Sample Locaton: Ladoratory Mouided
Specified Slump (mm) 120/ +-20 Vieatner Conaitors Controlled Environment
= ~ DeleTme | Intel Cineg Corng Su—p ArTerp CencTemg
Plert Wex Code Seich Number Boich Time | Semmpling Time R i Tee Condions i (<] ©
4 032022 0802 1008202 » .
Corbol 1 {108 835002y | sescosw | 20000 Bkours 6deys-STD w0 2 2
Dyng Pescd Dryng Sheringe (LSver) CONCRETE SHRINKAGE POINT DATA
':2 Specimen 1 | Specmen2 | Specmend | Auvewnge {
\ .' m -
m:w e 3% ) %0 1
m Gl
.. 20 500 500 510 $
5 3 %0
6052022 et 560 500 ™ g
2 “«00
wean | e 0 “
: e £ 2]
1102022 bood % Lo ™
]
m —
100 -
0 T r T T -
0 10 20 30 © £
Drying Pericd (day:)
Remans

A\

NAT.

A\

Azemdied bor complience with ISOIEC 17005 - Testng

ACCRTIIICN NumDer:
Corporate Site Numder

196
1882

Approved Signatory. Joseph Comiskey
FomID: WSTRep Revd
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Lasoratory. Beesieich Liborsory
Prose: 04848 352

Fax:

Emal: BeerrighjrondTInaceece ret

CONCRETE SHRINKAGE REPORT

Chent 1979 - Comstrcicn Scences Kingsion (Conceele) Repor Nurber. 1552R/16837C-1
Clent Address ] Project Nurber 1652P1405
Project: Tested As Received Lot Numper:
Locaton: Kngston Infenal Test Request 155277105447
Component: 15797128365 ClentReference’s:  18791CC77
Area Descrpoon James Moller - FW1 - Mx-2 Repont Date / Page:  17/10:2022 Paget
Sample Cooe 15520673053
Test Procedures: AS1012.1, AS10128.4, AS10128.4 (8.23), AS1012.13
Conation Recaved Salurated Date of Demoulding: 10082022
Concrete Suppler: Lavoratory Trial Date of N3l Reading: 16082022
Class of Concrete FW1 Sample Locagon: Lavoratory Mouided
Specified Siump (mm) 120/ +-20 Vieather Conaltiors Contolled Environment
= ~ DeleTme | Intal Cineg Corng Su=p LrTerp '
Slart Vix Code Seich Number Eotch Teme | Semmgling Teme B Tewe Condtions () i ©)
) S082022 | 908202 | 100822 y : 3
fwi Ul 91e00al | s200au | scocomu | BPow | Sdee-STO 0 2 2
Dopng Pescd Deying Sherkage (Sver) CONCRETE SHRINKAGE POINT DATA
'::" Specimen 1 | Specmen2 | Specmend Lierege 800
U 0 %0 0 20 -
m -~
woezezz | % 0 §10 52 $oo-
B - 3
6032022 630 570 L 580 g 500
F] .
ionagits b 850 620 650 400 -
: : !
w2 o 7% & " 300 -
i
100
0 T T T T T
0 10 20 30 0 50
Drying Pericd (days)
Rermons
A Accmdited or complience with ISOIEC 17005 - Tesing
NA"‘ Accecitaion Numdr 1586
Corporate Site Numder 1582
v Approved Sigaaey. Josegh Comisiey
FomID: WeTRep Rewd
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CONCRETE SHRINKAGE REPORT

Chent 1979 - Comatrcion Scences Kingsion (Conceele) Repon Nurber. 1552/R/168371-1
Crent Adcress. Project Nurber. 1552/P1405
Project: Tested As Recelved Lot Number.
Locason: Kngston Infemal Test Request 155277105423
Component: 13797138566 Clent Reference’s:  1973/0C/278
Area Description James Moller - FW2 - Mx-3 ReporiDate/Page:  17/10:2022 Fage el
Sampie Cooe: 1S52C873055
Test Procedures: AS1012.31, AS10128.4, AS10128.2 5.23), ASH01213
Conation Reoeved Saturated Date of Demoulding: 10082022
Conwets Suppler: Lavoratory Trial Date of Intiai Readng: 16082022
Class of Concrete Fw2 Sample Location: Ladoratory Mouided
Specfied Slump (mm) 1207 420 Weather Conditions Controlled Envirorment
= - DeleTme | Intsl Cinng Corng Su=p ArTerrp K
Slavt Wix Code Saicr Numize Soich Time | Sermpling Teme Recened Teme Condiions P i ©)
sos202 | g0z | wovsme2 | . _ s
e . 95000A\ | ¢ss<oau | acocomu | Mo | Gdme-STD % 2 a
Doying Pescd Dryng Sheriage (uSver) CONCRETE SHRINKAGE POINT DATA
(:c' Specimen 1 | Specmen2 | Specmend Lierege 00
novmn | = = - o |
1 . ry
s 52 50 ) 510 g @0 -
amn | ™ §% ") 510 g %0 -
> ]
12052022 L 0 6% 0 400 -1
“% " - 1
1102022 i - iz - Sy
-
100 -
o T T T T T
0 10 20 30 40 %0
Drying Period (days)
RS Semzing Consustes By Corsrussom Scences Sesbene South Latoreliny Accredision \o TO% Shle e 103

\

NAT.

A\

Accredied br complience with ISOIEC 17025 - Testing

Acceataion Numde:
Corporate Site Numoer.
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Approvea Signatcey.  Joseph Comiskey
FomID: WSTRep Revd
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—=- Construction e
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= Sciences M=
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Clent 1975 - Comsbrucion Scences Kingsion (Concele) Repon Nurber 1552/R/163372-1
Clent Aocress I Project NuTber 1852P1405
Project: Tested As Recelved Lot Number:
Locaton: Kingston Intemad Test Request:  1552T/105423
Component: 19797128387 Clent Reference’s 1979/CCIT9
Area Descrpion James Moiler - FW3 - Mix-d Report Date/Page:  17/102022 Page T el
Sampie Cooe 15520673057
Test Procedures: AS1012.3.1, AS10128.4 AS10128.4(6.23), AS101213
Conattion Recaved SJwrated Date of Demoulding: 100872022
Conarete Suppler: Lavoratory Trial Dae of INtial Reading: 16082022
Class of Concrete W3 Sampie Locagon: Fi2id Mouces
SpeciNed Smp (Mm). 1207 +-20 Viganer Conaimons Contolied Envirorment
= o DeleTme | IntalC Cur Sump ArTerp Conc %
PetMxCode | BSschNumber | BoichTime |Semplog Teve| 7% Ton 0| contios | e e o
= s0s2022 | soecoz | woveez | . > dame 2
" 12 10300084 | 104600 | ecocom | o [ Toem-STD ) 10 2 -
Drying Percd Dryng Sherkage (uSver) CONCRETE SHRINKAGE POINT DATA
':':’ Specimen 1 | Specemenl | Specmend Lieege 709
7
2008222 2% 320 310 30 “@o -
“ 5
woszmz | X “ & o é 00
i
&30 520 00 S0
7052022
g m ]
] "
wsen s &% =0 530
% g 091
v | ™ 780 720 70
$am
100
) T - r T -
0 10 20 30 © %0
Orying Pericd (days)
Reores

Z\

NAT.

A\

Azondied for complience with ISOIEC 17025 - Tesing

ACTEOLIION NUmDEr
Corporate Site Numder

1586
1582

Approved Signateey. Josaph Comiskey
FOTID: WSTRep ReVd




Corctruxion Suenoes Py Lig

Laderatory Beesieich Laborsory

- . BN TE1NN0eTS Phose: OG0 842 50
—=_ Construction .
e i raess: Eral  BeregNIcrTKececn e
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Cert 1973 - Comsbrucion Scences Krgsicn (Cancrele) Reporn Number. 15521683721
Cwy—— 000 | ProjectNumber 1582
Project: Tested As Recelved Lot Numzer:
Locaton: xingsion Intema Test Requast  1552/T/108450
Component: 127972858 Clent Reference's 1979/CC280
Area Descrption James Moler - W4 - Mx-§ ReportDate / Page:  17/1022022 Page 1 of1
Sampie Cooe 15520673059
Tes: Procecures: AS10123.1, AS10128.4, AS1012484 (8.23), AS1012.13
Conaiion Receved S[uraed Dae of Demouiding: 100872022
Concrete Suppier: Lavorary Tral D2 of INUal Reading 16082022
Class of Concrete e Sample Locadon: Laboratory Mouided
Specifed Slump (mm) 1207 +-20 Vieather Conditions. Controlled Environment
= - OeleTme | Intel Cineg Corng Sump ArTerp Ceonc Temp
Plevt Vix Code Sstch Number Soich Tme | Sempling Time Reosived Tew Condiirn ) o) @
sos2cz | soszez | oose2 | s i
e WS 1115000 | 112600 | scocomy | 2Pow [ Tdep-STO TR0 % 2
Deying Pescd Dryng Sherkage (Sver) CONCRETE SHRINKAGE POINT DATA
l:."z Specimen 1 | Specmen2 | Specmend Aierage 700 -
udw 30 R0 310 0 @00 -
% A‘w &0 0 410 ) f ]
2 2
S0 40 80 430
I
032022 g e ]
a <
woan | % - e - 1
% g 3007
21 T8 700 T80 ke 1
fx
100
0 T ' T T T
0 10 20 30 © %
Drying Pericd (day:)
Remars

\

NAT.

A\

Aczmdied or complience wih ISOIEC 17005 - Tesing

Accreataion Numder:
Corporate Site Numer

1566
1582

Approved Signatoey:  Joseph Comiskey
FOmID: WSTRep Revd




Soiemoes Py Lig L eveigh Laberatory

- . AN TSI Prose: 00848353
—=- Construction pas
. i Rodess: Eral  BeeregNjoommkeacences vet
= Sciences =
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Clent 1979 - Corstnucion Scences Kingsion (Concrele) Report Nurber. 1552R/168374-1
oertasoess Project Number. 1552108
Project: Tested As Recelved Lot Numger:
Locazon: Kingston Intema Test Raquest 155277105451
Component: 197979102 Clent Reference’s 1879°CC81
Area Descrpoon JATES VO - FAT - MX-5 ReponiDate /Page:  17/10/2022 Page 11
Sampie Coce: 1552C73071
Test Procedures: AS1012.21, AS1012.82 AS101282 (6.23), AS101212
Conation Recaved Saturated Date of Demoukding: 110872022
Conarete Suppler: Lavoratory Trial Date of Intal Reading:  17/08:2022
Class or Concrete EA1 Sample Locagon: La0Ora0Ty Mouidea
Specified Siump (mm). 120/ +-30 Vieatner Conditons Cortroiled Envirorment
= - OeleTme | IntalCanng Corng Su=p ArTerp Cenc Temp
Plort Vix Code Saich Nurrber Soich Tme | Serpling Teme Recwved Tone Condices il = o
10082022 | 10082022 | 10802 y ' -
o Va$ 91900aM | o3100am | accoomu | 2Mo | Gdep-STO| 1 2 2
Orying Pescd Dryng Sheriage (pSven) CONCRETE SHRINKAGE POINT DATA
(dsp2) 0
*':) Specimen 1 | Specmen2 | Specmend Lienge 4
7 0 -
w0222 %0 90 0 3%
" . y § @0 -
wesmzz | st 9: R §
2 %0 -
nosas22 = - 0 " E
Fe) 00
wosmzz | &0 . " boi
% - ; § ]
ooz | 80 % @ L 300 -
.
100 -
o T T T T T
0 10 20 30 40 0
Drying Pericd (days)
Remons SEMEIng Cancusing By Onsucaon SoRnCes DIobent Sout Lasasiory ACCReSaion NG 1905 St No.19 3
A Acoredied o complience with ISONEC 17005 = Testing
NATA Accredtaten Numder: 1586
Corporate Site Numder 1582
v Approved Signatory.  Joseph Comiskey
FomID: WSTRepRevd
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Chert 1973 - Comsbrucion Sciences Kingsion (Concrele) Reporn Nurber. 1552R168375-1
Chert Asdress I Project Number. 1552P1408
Project: Tested As Received Lot Number:
Locason: Kngsion Intemal Test Request 155271105452
Component: 1979730108 Clent Reference's 1979/CC282
Area Description James Moler - FA2 - Mx-7 Repor Date / Page:  17/102022 Fage1ofl
Sampie Coce 13520673073
Test Procedures: AS10123.1, AS10128.4 AS10128.2(6.23), AS101212
Conation Receved SJuraed Date of Demoukding: 11082022
Concrete Suppler: Lasoratory Trial Date of INtaiReadng:  17/082022
Class of Concrete FA2 Sample Location: Laboratory Mouided
Specned Sump (Mm)y 120/ #-20 Vigamer Conamors Controled Environment
- ~ DeleTme | IntelC Cor Su=p LrTerp Corc Temp
Plert W Code BschNimber | BoichTime | Semplog Teve [ 1 ol PP o o o
- - 1000202 | 10082022 | nosw2z 3 .
Vi 10000044 | 10c8co | ecocomu | 2Po | Gdep-STO [ 10 2 2
Doyng Fescd Dryng Sheriage (LSver) CONCRETE SHRINKAGE POINT DATA
',:':: Specimen1 | Specmen2 | Specmend Lieege
[dole) 700
vz | 3% e = 0
14 %]
o2 &0 & &80 &
" 3 20 -
TR222 b % 0 Ao g
® n 400
womz | " o ”»
- = s 0 g ]
.
100 |
0 T - T T -
0 10 20 30 % 0
Drying Pericd (days)
Remores Semping Concucies by Consruzion Soences Brsbene South Lasorelory Accredanion No. 1995 S NG, 19,9

Z\
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A\

Accredied or complience wih ISOIEC 17028 - Testing
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Accreataion Numder
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Approved Signatory:  Josesh Comiskey
FOMID: WSTRep Revd
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CONCRETE SHRINKAGE REPORT

Chert 1973 - Comstrcion Scences Kingsion (Concele) Repon Nurber 1552/R/16837¢-1
crenasoess [ Project Nurber 1552P408
Proec: Tesied As Received Lot Number.
Locason: Kngston Infema Test Request 155271105453
Component: 19797/69216-1 Clent Reference's 1679/CC1283
Area Descrption James Moler - FA2 - Mix-3 ReportDate/Page:  17/102022 Fagetefl
Sample Cooe 15520673075
Test Procedures: AS1012.3.1, AS10128.8 AS10128.4 5.23) AS1012.13
Conaition Receved Srated Date of Demouiding: 11082022
Conerete Suppler: Lasoratory Trial Date Of INUa Readng:  17/082022
Class of Concrate FA2 Sample Locaton: Lavoratory Moudea
Spechea Sump (vm) 1207 +-30 Vigainer Conamons Controlied Envirorment
= ~ DeleTeme | Inks! Con Su~p Lr Terp Conc Temp
PetWaCode | SachNumter | BonTme |SamiogTee| Joieiee | IntmCoig | Ot | Su A L
e 1000202 | 1008202 | noswz | . 7 - - »
o el 102500 | 036t0m | scocony | hewr |Edem-STD) % e
Dyng Pency Dryng Sheriage (LSver) CONCRETE SHRINKAGE POINT DATA
sy .
‘,*::; Specimen 1 | Specmen2 | Specmend Aveege
4 3 %0 o 30 sl
a2 g
14 o § w0
e - i o g
i | =™ s @ s %00 -
| 550 ) o0 00 |
: : £ o]
e » s " -
! 200
100 -
o T - r T v
0 10 20 30 « %0
Drying Pericd (days)
Remarks Semping Concuzied By Corsruzon Soences Drabene Souh Lasorehry Accedision No 1955 SieNG. 199

Z\

NAT.

A\

Accreataion Numder:

Accedied or complience with ISOIEC 17005 - Testing

1566

Site Numoer 1582

Approvea Sgnatcey.  Josesh Comiskey
FomID: WSTRep Revd
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CONCRETE SHRINKAGE REPORT

Lcoedistion No. 1926 Site No 1979

Chent 1979 - Comsbrucicn Scences Kingsion (Concrele) Report Nurber. 1552R/163377-2
cenasoess ProjedtNuTDer  152Pi08
Project: Tested As Recelved Lot Numper:
Locason: Kingsion Intema Test Request 155277105454
Component: 1379602171 Clent Reference's 1979/CCI284
Area Descrption James Moler - FAS - Mx-3 Repor Date / Page: 17/10:2022 Fage 1of1
Sampie Coce: 18520573077
Test Procedures: AS10122.1, AS1012.8.4 AS101282(6.23), ASH01212
Conattion Receved Saurated Date of Demoulding: 11082022
Concrete Suppler: Lavoratory Trial Dtz of Intal Reading 17042022
Class of Concrate FAd Sample Location: Ladoratory Mouided
Specified Slump (mm) 120/ +-30 Vieathes Conditions Controlled Environment
- S DeleTeme | IntalC Con Su=p ArTerp CencTerme
Slart Vix Code Baich Numier BaicnTeme | Semging Teve | 220 E00 me"*! M;'im s e o
4 10002022 | 10082022 | 1108022 3 . -
A [LE srzoco s | 112s00am | 20000 am Z1howrs | 6deys-STD X 2 2
Dnyng Pencd Orpng Sheriage (1Srer) CONCRETE SHRINKAGE POINT DATA
(day2) ; ]
tdele) Specimen1 | Specmen2 | Specimend Lieage P
7 4
wnan | X e 0 - 200
m . -
S s 50 0 ) g ]
2 ]
082 62 & §0 60 g 00
) . - ]
wosm2 0 S €50 0 00
% - g ]
2veasn &0 &7 a0 80 g 0]
200
00 ]
0 T T T T T
0 10 20 30 w 0
Drying Pericd (dayz)
Remores Re-issaed Repot Repieces Repot No 1S52RE8Y77-1 (reascn Siump a3ded ), Semping Conducied Sy Comstuchzn Soences Busbere South Laborsiory
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