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Abstract

This paper describes the continued optimisation of Bitublock. This is a building block
incorporating aggregate sourced exclusively from by-product / recycled / waste materials
and which uses bitumen as the binder. Successful Bitublock mix designs can incorporate a
range of materials including fly ash (PFA); furnace bottom ash (FBA); and other waste
materials such as crushed glass and steel slag. Two types of bitumen were tested in this
investigation namely a 50 penetration bitumen and a hard H 80/90 bitumen.

At all times, the potential of Bitublock is gauged by drawing comparisons with cementitious
bound aggregate blocks that are available in the UK. Currently, the bitumen binder content
is 10 to 12% by mass of the Bitublock. This is high when compared to the typical cement
content in dense aggregate blocks (approx 6%). Also, when the cost ratio is considered
(E200 bitumen: £60 cement per tonne) it is clear that the amount of bitumen binder used in
Bitublock needs to be reduced to keep it competitive. Mixtures with reduced bitumen
content were therefore formulated by utilizing continuous aggregate gradings with
maximum aggregate size of 14 mm and a low filler content of 4%. An optimum bitumen
content of 5% was obtained using several material types primarily by careful material
proportioning and by adopting the continuous grading philosophy. At this bitumen content,
fly ash and a limited amount of FBA (25% of the fine aggregate component) can be
incorporated into the mixtures whilst readily achieving a target minimum compressive
strength.

Previously, heat curing has been used to improve the resistance of Bitublock to creep
deformation. However, this time-dependent stability needs to be further improved to make
Bitublock at least as stable as current cementitious bound dense aggregate blocks. It was
possible to do this by optimising the porosity of the compacted product (ideal range 10 to
15%) and the curing regimes (i.e. curing time and temperature). By applying adequate
heat curing, a range of Bitublocks can be produced with properties that are at least
equivalent to current concrete block masonry units.



Introduction

To comply with the UK Government’s aims for recycling of materials *®, a new range of
construction units (Bitublock) composed entirely of recycled and waste aggregates is being
developed. This complete replacement of traditional aggregates (a level of replacement
which exceeds any replacement percentages achieved so far with cementitious and clay
bound materials) is possible in this new material because this novel material uses bitumen
as the binder. The composition of the Bitublock units is in fact a combination of graded
aggregates and binding agents from selected bitumens, which can be considered as by-
products from the petroleum industry.

The development of this new range of building units is driven by the issue of sustainability
both nationally and globally. In the UK, Europe and the USA, masonry is already
considered a sustainable material . However, further improvements can still be made. In
the UK, the Masonry Industry Document, Masonry 2007 and its Research Priorities
Supplement’ rates the improvement in the sustainability of masonry as a high priority. This
proposed new range of building units will improve the sustainability of masonry.

Bitumen which is used as the binder in Bitublock can be considered as a by-product of the
petroleum industry. The bitumen primarily binds the aggregate materials with very little
chemical interaction and thus presents no risk of volume instability. However, the cost of
bitumen is still approximately two to three times the cost of cement. This additional cost is
believed to be offset by the benefits of utilising recycled and waste materials. However,
due to this cost ratio, attempts were made in this investigation to optimise the bitumen
content so that it is equivalent to a maximum of 50% by mass of the cement content
required in current concrete blocks.

In order to enable the utilization of the least possible amount of bitumen, the aggregate
gradation needs to be investigated. Aggregate gradings that give the lowest total surface
areas are ideal, therefore a continuous grading with higher maximum aggregate size (e.g.
14 mm), and low percentage of filler content is the primary option. The preferred
composition of constituent materials consists of a higher portion of materials that absorb
less bitumen combined with a lower amount of material that absorbs more bitumen (such
as the FBA). The combination of the materials must also take into consideration the effect
of the materials selected on the performance of the mixtures.

As bitumen is a viscoelastic material, even when using hard grades of bitumens (in this
case H80/90), creep deformations are inevitable. Therefore, a heat curing regime is
necessary to increase the hardness of the bitumen in the compacted Bitublock. This is
achieved by (oven) heat curing the compacted Bitublock, which depending on the severity
of the curing regime, causes the bitumen to become progressively harder and more brittle
as a result of oxidation.

For optimum heat curing effectiveness, compacted Bitublock specimens were designed to
have 10 - 15 % porosity. Within this porosity range, the interconnectivity of the air void
network ensures that every part of the specimen is accessible to heat curing and that
oxidation is not restricted to the external surfaces of the Bitublocks. The level of
compaction is dependent on the types of materials used (in particular the type of bitumen)
and the compaction temperature used. The compaction levels required for satisfying the
desired range of compacted density and hence porosity therefore had to be determined
experimentally. A compaction level of 8 MPa was found to be sufficient to achieve the
optimum porosity target.



This paper builds on the results from two initial investigations ***” with the main objective

being to develop Bitublock units incorporating fly ash and FBA, in combination with other
waste/by product materials, i.e. crushed glass and steel slag.

The utilization of fly ash in the UK has remained stable for a number of years at around 50
% of production. The amount of fly ash available in stock, in addition to fresh production is
estimated to have remained relatively constant at about 250,000,000 tonnes for a number
of years. Fly ash has been used in many applications including the concrete industry,
concrete blocks, road pavements, grouting, fill materials etc *°.

Meanwhile, in the UK, almost all FBA produced has been used in the manufacture of light
weight aggregate concrete blocks. However, outside the UK, all of the FBA produced is
not yet fully utilised and there is some 56 % of the FBA produced which is still disposed of
or used as land reclamation %.

Throughout the mix optimisation process, the approach adopted by the authors was to
compare the properties of the new units with those of traditional clay and concrete block
units found in the UK. (Also, even at this stage of development, consideration is also being
made of the current manufacturing methods of concrete blocks. Ideally, in order to
enhance the attractiveness of Bitublock, the aim is to use these existing methods with
possibly some minor modifications to manufacture Bitublock commercially.) Comparisons
with existing masonry units are made primarily on the basis of compressive strength. The
compressive strengths of 3.5 — 7.0 MPa '* # were targeted, as they are considered
sufficient by the building block industry. However, due to the bituminous binder matrix of
the Bitublocks, an assessment has also been made of the time-dependent properties of
the mixes. The measured water absorption properties of the manufactured units were also
monitored.

Materials and Experimental Methods

The materials incorporated were fly ash, furnace bottom ash (FBA) from coal burning,
crushed glass, and steel slag. The properties of the materials are given in Table A.

Materials Density Water Utilization
(gricm®) | Abs. (%)
Fly ash (Ferrybridge PS) 2.16 - Filler
FBA (Ferrybridge PS) 1.60 13.9 Fine aggregate (sieved)
Crushed glass 2.51 <1 Coarse and fine aggregate
Steel Slag 3.39 1.9 Coarse aggregate
Note: PS= power station

Table A. Materials used for the Bitublock mixtures
Aggregate Gradation

Selection of the aggregate gradation of the mixtures was based on a Modified Fuller's
Curve (MFC) *® as shown below:



5 (100- F)(d" - 0.075") "
D" - 0.075"

where: P = % material passing sieve size d (mm), D = maximum aggregate size (mm), F =
% filler, n = an exponential value that dictates the concavity of the gradation line. The n
value used was 0.45 which is the exponential value that has been commonly used to
produce a good aggregate packing in continuously graded asphalt mixtures. The value for
D was taken as equal to 14 mm, and F was taken as equal to 4 % based on the lower
range of filler content recommended for Dense Bitumen Macadam grading *°. The
aggregates were separated into the following coarse fractions: (14-10)mm, (10-5)mm, and
(5-2.36)mm. The fine fraction was designated as (2.36-0.075)mm, and the filler fraction
was of that passing 0.075 mm.

The target aggregate gradation for the Bitublock is shown in Figure 1 where its gradation is
also compared with the upper and lower limits of a typical Dense Bitumen Macadam
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Figure 1. Aggregate gradation of the Bitublocks, compared with
Dense Bitumen Macadam (BS 4987)

Primary Trials

Initially, 50 penetration (pen) grade bitumen was used as the binder in the optimisation
process. In order to minimise the bitumen content, aggregates with low absorption
properties are required. Therefore Mix Bb-CG (mix no.1 as shown in Table B) used
crushed glass (CG) for the coarse and fine aggregate and fly ash as the filler.

The maximum size of the coarse aggregate in all mixes was 14 mm. The various
aggregate fractions were sieved and batched individually. Fine aggregate were classified
as material passing 2.36 mm.

The filler aggregate fraction (passing 0.075mm) for any particular mix was adjusted
depending on the contribution of filler material from the fines fraction (which can contribute
around 1-2 % of the filler content). Consequently, the proportion of the fine aggregates
fraction was also adjusted.



Using equation (1), the aggregate composition consisted of the following fractions:
Coarse fraction (passing 14 mm, retained 2.36 mm): 58.5 %
Fine fraction (passing 2.36 mm, retained 0.075 mm): 37.5 %

Filler fraction (passing 0.075 mm)

To determine the optimum bitumen content (OBC), a range of bitumen contents from 5.5
% (min. recommended bitumen content in BS 4987) down to 3 % (which still gives
satisfactory aggregate coating) were considered, with decrement by weight of total mix of

0.5 %.

The manufacturing process has been described in detail elsewhere **”. The compacted
samples (100 x 100mm x ~ 40mm deep) were cured at a trial temperature of 100 °C for 24
hours. This curing regime attempted to duplicate that which is used in the concrete block

making industry.
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Figures 2 to 5 show the tests results obtained from Mix Bb-CG 50pen (Table B). It can be
seen that whilst porosity and hence water absorption continued to reduce with increasing
bitumen content as one would expect, the compressive strength peaked around 5%
bitumen content.

Although the values obtained in Figure 2 to 5 for 3% bitumen content are acceptable, for
all subsequent mixes, 5% bitumen content was chosen as the optimum bitumen content
(OBC) by mass of the total mix. The density of the Bitublocks is equivalent to normal
coarse aggregate concrete blocks (and many types of clay brick found in the UK).

Mix Optimization

Following the production of the mixes as in the initial trials, three additional mixes as
shown in Table B (mixes no. 2 to 4) were also produced containing fly ash and FBA. The
aggregate combinations were designed by volume substitution, by referring to Mix Bb-CG
50pen. An initial curing regime of 100 °C for 24 hours was used.

Mix | Name of Mixture Coarse Fine Aggregates *: Filler:
aggregates: 2.36-0.075mm
No retained on
2.36mm sieve
(58.5 %) (37.5 %) (4%)
1 Bb-CG 50pen 100 % crushed 100 % crushed fly ash
glass glass
2 Bb-FBA-A 50pen | 100 % crushed 100 % FBA fly ash
glass
3 Bb-FBA-B 50pen | 100 % crushed 50 % FBA fly ash
glass 50 % crushed glass
4 Bb-FBA-C 50pen | 100 % crushed 25 % FBA fly ash
glass 75 % crushed glass
* substitution of crushed glass fine aggregate with FBA was carried out by volume.
Note: the coarse aggregates were composed of the following fractions (14-10mm), (10-5mm), and
(5-2.36mm).

Table B. Nomenclature and Composition of Mixtures Produced in Part 1 of this
investigation (using 50 pen bitumen)

Evaluation of Bitublock mixes

An evaluation of the performance of the mixes was performed. This evaluation was based
on mix workability, degree of aggregate coating during the mixing stage, shape stability of
the compacted block, and finally compressive strength (where the target of compressive
strength is 3.5 - 7.0 MPa)*'. The properties of the Bitublock mixes that were cured at 100
°C for 24 hours are shown in Table C.

Referring to the results shown in Tables C, it is clear that the compressive strength of the
samples is significantly influenced by the material type and proportions (when the bitumen
content is maintained at 5 %). The incorporation of a larger portion of material with high
absorption properties (i.e. the FBA) into the mixtures reduces the compressive strength of
the corresponding mix. The porosity of the FBA mixes increases as the amount of FBA in
the mix is increased, as the FBA is itself a porous material.



As shown in Table C, mixture no. 1 (Bb-CG 50 pen) gave the highest compressive
strength. Among the mixtures that contained fly ash and FBA, mixture no. 4 (Bb-FBA C)
containing 25 % FBA as the fine aggregate component (see Table B) gave the highest
compressive strength, with sufficient workability and degree of binder coating. This mixture
therefore was selected for further investigations.

Mix Name of Density Porosity Water Compressive
Mixture Absorption* Strength

No (g/cm?) (%) (%) (MPa)

1 Bb-CG 2.11 10.0 19 9.0
50pen

2 Bb_FBA_A *% *%* *% *%
50pen

3 Bb-FBA-B 1.830 15.9 1.6 4.9
50pen

4 Bb-FBA-C 1.974 12.5 1.05 7.43
50pen

* after 24 hours immersion in water 2%, ** poor coating and unstable

Table C. Properties of samples (avg.) at 5 % OBC, using 50 pen bitumen

Although the compressive strength target can be met, due to the viscoelastic nature of the
bituminous matrix of the mixtures, the units will creep under sustained loading. Therefore,
to improve the time-dependent properties of the Bitublock, curing and the use of harder
bitumens is required.

The 24-hr water absorption property of the mixes can also be found in Table C. After
curing, this property ranges from around 1 % to 2 % depending on the mix (this is
equivalent to class A clay bricks and is a lot lower than concrete blocks). If the Bitublocks
were to be combined with traditional mortars, this level of absorption would be expected to
help to promote a good bond between the unit and the mortar. High levels of water
absorption (>15%) can reduce the bond and have a detrimental effect on the properties of
the mortar .

Secondary Trials

In the previous section it was shown that the optimum bitumen content using 50 pen
bitumen was 5%. However, although this produced samples with adequate compressive
strength, it was still necessary to define the long-term properties of the blocks. In order to
minimise creep deformations and for comparison, it was decided to utilise a harder
bitumen type (H 80/90) in addition to the 50 pen bitumen already used. The bitumen
content was kept constant at 5 % and any change in the proportions of the materials used
was once again achieved by volume substitution.

It is a well known fact that the deformation resistance of bituminous mixtures can be
improved by using hard crushed aggregates with cubical shape and rough surface texture,
and therefore steel slag aggregates were incorporated into the mixtures as shown in Table
D.

Additional mixtures were also produced for comparing the time-dependent properties of
the Bitublocks, i.e. mixture no. 9 and 10 (Table D). Mixture no. 5, and no. 7 in Table D



have the same aggregate composition, i.e. the best (selected) mix that incorporates FBA
from the initial investigations (i.e. mix no. 4 in Tables B and C).

Mix Name of Coarse Fine Filler | Corresponding
Mixture aggregates aggregates (4 %) Figures
No (58.5 %) (37.5 %)
5* | Bb-FBA-CG 100 % 25 % FBA 4 % Figure 8 Figure
50pen crushed 75 % crushed 9
glass glass
6 Bb-FBA-SS 100 % 25 % FBA 4 % Figure 10
50pen steel slag 75 % crushed
glass
7* | Bb-FBA-CG 100 % 25 % FBA 4 % Figure 11
H80/90 crushed 75 % crushed
glass glass
8 Bb-FBA-SS 100 % 25 % FBA 4 % Figure 12
H80/90 steel slag 75 % crushed
glass
9 Bb-SS 50pen 100 % 100 % crushed 4 % Figure 13
steel slag glass
10 | Bb-SS H80/90 100 % 100 % crushed 4 % Figure 14
steel slag glass
* the same aggregate composition as mix no. 4 in Tables B and C.

Table D. Bitublock Mixture Compositions Selected for Further Investigations
Sample Production and Curing

Samples using 50 pen bitumen were produced in the same way as before. For
manufacturing samples of Bitublock using hard H 80/90 bitumen, the bitumen and the
aggregate materials were initially heated to 200 °C for 4 hours ?’. All materials were then
mixed at 180-190 °C. The coated loose mixes were put in an oven set at 200 °C for 15-20
minutes to regain heat. The samples were then compacted using a static compaction
pressure of 8 MPa held for 1 minute.

The compacted samples were cooled down and then de-moulded at which point they were
either left uncured or cured at 160 °C at a range of curing durations. To assist in the
measurement of creep, the samples were made of 65-70mm thick which was slightly
thicker than during the primary trials stage.

Creep Test Method

Creep testing of Bitublock samples was conducted using a static dead-weight lever arm
machine (mechanical advantage of 4) as shown in Figure 6. The total strain
measurements were taken using a 50mm Demec gauge (Figure 7) on four faces of the
sample. The applied stress was 1 MPa. This level of stress is representative of the stress
levels found in masonry construction and provides the creep values in terms of specific
creep. The experimental rig allows up to 3 samples from the same or different curing
regimes to be tested in series at the same time. Creep measurements were obtained from



the total strain measured on the loaded samples by deducting the elastic strain and any
movement measured in corresponding control samples .

Total strain was measured at regular intervals of 15 minutes for the first hour of monitoring.
Subsequently, strains were then measured every 30 minutes, and then every 60 minutes.
After the first day of loading, strains were recorded 3 times a day. Relatively constant
strain values for this initial investigation were achieved following approximately one week
of loading. The room temperature during testing was maintained at 20 2 °C, with a
constant relative air humidity of 42 2 %.

machine

Figure 7. A Demec gauge and its supporting equipments
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Results and Discussions
Compressive Strength and Volumetric Properties

The compressive strength values of the mixes tested during these secondary trials are
given in Table E. It can be seen that the compressive strength of these cured mixes
exceeds the target strength of 3.5-7.0 MPa ?® It was also revealed that heat curing
played a significant role in increasing the compressive strength of the samples. Heat
curing evaporates the volatile components of the bitumen, and causes the bitumen to
harden by oxidation. Samples using 50 pen bitumen require longer curing times to achieve
approximately the same compressive strength when compared with samples using hard H
80/90 bitumen.

With reference to Table E and Figures 8 to 14, it was found that at curing durations above
84 hours at 160 °C, the compressive strength of the 50 pen mixes approached the
compressive strength values of the mixes using hard H 80/90 bitumen (bearing in mind
differences caused by the aggregate compositions). The results indicate that the softer
bitumen undergoes a more rapid initial oxidation/hardening process than the harder grade
bitumen, and that after extended curing periods, both grades achieve roughly the same
level of final hardness (as indicated by compressive strength).

Mix | Name of Mixture | Curing Avg. Avg. Comp.
Duration | Density Porosity Strength
No (hours) | (g/cm?®) (%) (MPa)
5 | Bb-FBA-CG 50pen | uncured 2.9
72 1.977 12.6 7.6
84 10.2
96 * 13.6
6 | Bb-FBA-SS 50pen | uncured 3.2
72 2.364 12.9 9.8
84 * 12.8
96 * 14.1
7 | Bb-FBA-CG uncured 5.6
H80/90 48 1.966 13.0 115
72 * 14.4
96 * 15.6
8 | Bb-FBA-SS uncured 6.3
H80/90 48 2.262 13.4 11.2
72 * 13.6
96 * 14.8
9 | Bb-SS 50pen uncured 3.5
48 2.442 12.5 8.6
72 * 17.2
10 | Bb-SS H80/90 uncured 8
24 2.452 12.8 15.6
48 * 16.8
* meets creep strain target (< 100 u ), with reference to Figures 8 to 14.

Table E. Volumetric Properties and Compressive Strength of the Bitublocks, cured
at 160 °C
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Mixes incorporating steel slag possess comparatively higher compressive strengths,
indicating the significance of the angular nature, rough surface texture and high crushing
strength / abrasion resistance *® of this type of aggregate. Furthermore, accelerated
hardening of bitumen may in part be caused by the presence of ferric and ferrous oxide in
the steel slag '°. Ferric and ferrous components are typically used as catalysts to
accelerate oxidation of bitumen in the production of air blown (oxidised) bitumen.

Furthermore, the surface roughness & water absorption values (voids) of the slag
compared to the crushed glass meant that the bitumen was spread over a larger surface
area and was partly absorbed hence existing on the aggregate surfaces in thinner film
thicknesses. Therefore, during oven curing the thinner bitumen films are more prone to
oxidation (oxygen attacks and penetrates the depth of the bitumen film by diffusion and
hence a thinner film is oxidised faster).

Elastic Modulus

The elastic modulus of the Bitublocks undergoing various curing times can be found in
Table F. These are the secant modulus of elasticity as it was not possible with the
equipment available to obtain instantaneous strain. All elastic strains were measured
within 10 minutes of the application of load which is below the critical value indicated by
Neville ?* of 15 minutes. According to Neville %, beyond this time the elastic modulus will
be noticeably influenced by creep.

It can be seen from Table F that curing significantly improved the elastic properties of the
Bitublock. Whilst many of these values exceed those of current concrete blocks found in
the UK it would not be commercially practicable to cure for longer than 24 hours. Where
shorter curing times were considered which is achieved by Mix no 10 (48 hours).

Mix | Name of Curing Total Elastic Creep Elastic
Time Strain strain Strain* | Modulus 2

No Mixture (hours) (L) (n) (n) (GPa)
5 | Bb-FBA-CG 72 316.8 108.9 207.9 9.2
50pen 84 173.2 59.4 113.9 16.8
96 * 84.2 34.7 49.5 28.8
6 | Bb-FBA-SS 72 242.6 89.1 153.5 11.2
50pen 84 * 79.2 34.7 44.6 28.8
96 * 54.5 17.3 37.1 57.8
7 | Bb-FBA-CG 48 326.7 143.6 183.2 7.0
H80/90 72 °* 128.7 54.5 74.3 18.3
96 * 101.5 37.1 64.4 27.0
8 | Bb-FBA-SS 48 302.0 123.8 178.2 8.1
H80/90 72 * 113.9 44.6 69.3 22.4
96 * 94.7 34.7 59.4 28.8
9 | Bb-SS 48 495 148.5 346.5 6.7
50pen 72 * 277.2 198 79.2 5.1
10 | Bb-SS 24 556.9 133.7 423.2 7.5
H80/90 48 * 128.7 34.7 94 28.8

* meets creep strain target (< 100 u ), with reference to Figures 8 to 14.

Table F. Creep Deformations and Elastic Moduli of the Bitublocks, cured at 160 °C




The elastic modulus of Bitublock is equivalent to current concrete blocks. The elastic
moduli of the mixes that contain steel slag coarse aggregates are significantly higher than
those containing crushed glass coarse aggregates. This further highlights the influence of
the nature of the steel slag aggregates (e.g. Mix no. 9 and 10 in Tables E and F).

Expansion/Shrinkage

Control (unloaded) samples stored next to the loading rig under the same environmental
conditions (i.e. temperature maintained at 20 2 °C, with relative air humidity 42 2 %) as
the loaded samples were monitored for any expansion / shrinkage. After one month it was
found that the control samples did not undergo any measurable expansion or shrinkage.
The volumetric stability of the Bitublock is seen as a major advantage over the behaviour
of concrete blocks currently used in the UK which are prone to shrinkage.

Creep Response

After carrying out several creep tests, it was clear that Bitublock requires an intensive
curing regime to produce acceptable levels of creep and that creep deformations are also
affected by the type of materials used. A target cumulative creep strain of 100 microstrain
was set as the limit of acceptability for this investigation (once again to obtain equivalence
with current concrete blocks).

The total strains for the different curing regimes applied to Mixtures no. 5 (as shown in
Tables D and E) are presented in Figure 8. The creep strain profiles of these samples are
shown in Figure 9.
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Figure 8. Total strain of the Bb-FBA-CG 50pen mixtures (mix no. 5),
cured for various times at 160 °C.

13



250 /i
200

Strain (microstrain)

i
m
0

80 100 120 140 160

Loading Time (hour)

—e— 72h —o—84h —8—96h

Figure 9. Creep strains of the Bb-FBA-CG 50pen mixtures (mix no. 5),
cured for various times at 160 °C.

Creep of the remaining mixtures i.e. mixtures no. 6, 7, 8, 9, 10 (as detailed in Table D or E)
is shown in Figures 10 to 14. Creep test results of all of the cured mixtures are
summarised in Table F.

Samples using 50 pen bitumen cured for 24 hours and uncured samples using H80/90
bitumen failed during creep tests, therefore they were not included in Table F.

In general the results show that creep of the samples manufactured using 50 pen bitumen
is much greater than the creep measured on the samples manufactured using H80/90
bitumen. Using harder bitumens results in lower creep. To achieve the target level of creep
the samples had to be cured for a minimum of 48 hours and 72 hours for the 80/90 and 50
pen bitumen, respectively. Whilst the magnitude of static creep can be made acceptable,
the duration of curing, at least from a commercial point of view remains an issue to
contend with.
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Figure 10. Creep strains of the Bb-FBA-SS 50pen mixtures (mix no.6),
cured for various times at 160 °C.
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Figure 11. Creep strains of the Bb-FBA-CG H80/90mixtures, (mix no.7)
cured for various times at 160 °C.
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Figure 12. Creep strains of the Bb-FBA-SS H80/90 mixtures (mix no.8),
cured for various times at 160 °C.
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Conclusions

From the results of this investigation the following conclusions can be drawn:

1.

Fly ash and furnace bottom ash (FBA) can be used as an aggregate in Bitublock.
Furnace bottom ash replacement levels of up to 25% by mass of the fine aggregate
fraction can be incorporated whilst maintaining reasonable stability and compressive
strength.

Bitublock can be produced with compressive strengths at least equivalent to the current
normal aggregate cementitious blocks produced in the UK (3.5-7.0 MPa).

The long-term stability of Bitublock, when fully cured, is at least equivalent to concrete
blocks. Bitublock, when manufactured using hard bitumen H80/90 bitumen gave lower
creep strain compared with those using softer 50 pen bitumen and was equivalent to
concrete blocks. Unstressed, Bitublock is stable, exhibiting no shrinkage or expansion.
These properties are significant in terms of construction as the use of Bitublock could
negate the need for or at least reduce the frequency of required movement joints in
masonry.

Bitublock provides an ideal opportunity to make use of a wide range of waste/by
product materials. The combination of these materials does have an effect on the
properties of the block and the ideal type of aggregate is one with qualities equal to the
aggregates used for road pavements, with rough surfaces, low absorption, and cubical
shaped. However, the range of properties which are available highlight the flexibility of
Bitublock to match different practical requirements.

The performance of Bitublock can be further improved by optimising the porosity of the
unit and also concomitantly the curing regime.
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