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Abstract

Municipal solid waste is currently a pressing challenge in Lebanon. This problem has been
aggravated recently due to an increase in population resulting from the flow of Syrian refugees to
the country. Incineration is a common technique to treat the solid waste resulting in the formation
of a well-known residue: Municipal solid waste incineration bottom ash (MSWIBA). Those residues
can be either dumped in landfills leading to environmental concerns or used in construction
materials as a sustainable, resource efficient and economic approach in both solid waste
management and construction. The goal of this study is to explore this option. For this purpose,
mortar specimens were prepared with amounts of 10, 20, 30 and 40% weight of cement replaced
by MSWIBA obtained from incinerators. Three tests (compressive strength, ultrasonic pulse
velocity (UPV) and total water absorption (TWA)) were performed for each mixture at different
curing durations: 1, 3, 7, 14 and 28 days. Results indicate that MSWIBA has a limited cementitious
activity and a deleterious effect on the compressive strength of mortar cubes. From the analysis
of the pozzolanic activity index, it was found that the maximum replacement of cement by MSWIBA
should be limited to 10%. UPV results show that the curing duration is of paramount importance
for the mortar quality and any increase in the MSWIBA beyond the 10% replacement level leads
to significant drop in the UPV results. Finally, the evaluation of TWA results indicates the presence
of MSWIBA in mortar is not the main factor affecting its absorption.

Keywords: Municipal Solid Waste, Mortar, Bottom Ash, Compressive strength, Absorption, curing

durations.

1 INTRODUCTION

Waste generation is a global problem. This forced
governments throughout the world to develop strategies
in order to reduce and reuse the amount of waste
generated. Many types of waste such as; residues from
coal power station, steel industry, demolition sites, can
be used in the production of construction materials
(Baalbaki et al. 2018; Charbaji et al 2018; El-Darwish et
al., 1997; El-Kurdi et al., 2014; Ghanem et al., 2019;
Hadjsadok et al., 2012; Herki and Khatib, 2013; Herki
and Khatib, 2016; Khatib et al., 2008; Khatib et al., 2009;
Khatib et al. 2013a; Khatib et al. 2013b; Khatib et al.
2014, Khatib et al., 2015a; Khatib, 2016 ; Khatib et al.,
2016; Mangat et al., 2006; Okeyinka et al., 2015b;
Sonebi et al.,, 2016; Wright and Khatib, 2016). The
generation of waste is currently on the rise in Lebanon
as the population and the economic growth continues to
increase. Based on data generated in 2013, Lebanon
produces annually 2.04 million tons of Municipal
Solid Waste (MSW) (Massoud et al. 2016). This amount
is dependent on human activities and environmental
awareness. The MSW is expected to increase by 1.65%
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each year. MSW in Lebanon is composed of 16% paper;
11.5% plastic; 5.5% Metal, 3.5% glass and 52.5%
organic waste. 48% of the MSW are landfilled, 29%
dumped, 15% composted and 8% recycled. Over the
last few years, the number of Syrian refugees has
increased dramatically resulting in an enormous MSW.
Consequently, waste management has become a
challenging problem for the government that needs to
be urgently solved.

As stated above, in Lebanon, landfill and dumping the
MSW are the main ways of disposal. However, as the
available land dwindled gradually and as the MSW
contains unsafe elements such as heavy metals, it
becomes vital to look for other alternatives. The
incineration technique can reduce the MSW by 70% by
mass and 90% by volume while achieving the objective
of heat recovery (Lynn et al 2017). For those reasons,
incineration technology is gaining popularity. As a
consequence of the incineration process, two by-
products are produced: (municipal solid waste
incineration (MSWI) bottom ash (BA) and fly ash (FA)).
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MSWI-BA is a residue generated from the bottom of the
combustion chamber and represents approximately 20
to 30% by weight of MSW (Becquart et al 2009). They
are large particles that have similar appearance to silty
sand and gravel with small amount of unburnt organic
materials (Siddique 2010). It is considered nontoxic. On
the other side, MSWI-FA is considered hazardous and
contains significant heavy metals (e.g. Zn, Pb, Cu, Cr,
Cd and Ni) and dangerous substances in addition to
organic compounds (An, et al 2017; Yang et. al 2018).
Besides, MSWI-FA contains higher levels of soluble
salts than MSWI-BA (Wongsa et al 2017; Jiang et. al
2009). For the all the above reasons, MSWI-FA is not
allowed to be used as construction materials in most
countries (Bertolini, L et al 2004; Aubert, J et al. 2004).

Cement manufacturing and industry has a long history
of absorbing and recycling of wastes of different types
(An, et al 2015). In fact, this will provide several
interesting alternatives for the construction industry to
use industrial by-products and wastes as raw materials
such as blended cement. Many countries have tried to
beneficially use the MSWI-BA in cement-based
products. Some studies have focused on using MSWI-
BA as a partial replacement of aggregate in concrete,
but concluded that it was not a suitable material (Berg
and Neal 1998). Other researchers have used MSWI-
BA as partial replacement of cement in mortar but their
results were not conclusive (Jaturapitakkul et al. 2003;
Pan et al. 2008). Although considered non-hazardeous,
its uncertainty regarding its engineering behavior has
been a serious barrier in promoting its useful use as
a technology material. If proven that MSWI-BA
possesses binding properties, it will lead to a reduction
in the production of cement which greatly benefit the
environment because of the diminution of CO:2
emissions. This is in addition to the reduction in natural
raw materials associated with the production of cement.
The aim of this study is to explore the possibility of using
MSWI-BA as a partial replacement of cement in mortar
specimens. Conclusions derived from this study are
expected to be the basis for the safe utilization of MSWI
by-products; therefore contributing to the sustainability
of the cement industry.

2 EXPERIMENTAL STUDY
2.1 Materials

The cement used in this study is ordinary Portland
Cement type | obtained from SIBLIN plant located in the
mount-Lebanon. The cement complies with all
requirements according to Libnor NL53. MSWI-BA was
received in the laboratory in a powder form and obtained
from an incineration plant located in the Bekaa Valley.
For the replacement of cement in the mortar, the BA
was oven dried at 100C for 24 hours and then smashed
under dry conditions. Sand used in the mixtures was
from the Dibbieh area and has fineness modulus of 2.7.
The particle distribution of sand met the requirement of
ASTMC33. Drinking-quality water was used in all mortar
mixtures. Due to the nature of the investigation, a
moderate degree of workability was targeted. Thus, no
superplasticizers was included in the mixtures.

2.2 Mix Designs

Five mortar mixtures were conducted in this study. Of
the five mortar mix designs, four contain different
replacement percentage of cement by MSWI-BA (10%,
20%, 30% and 40%). The fifth mix does not contain
MSWI-BA acting the role of a control sample. The water
cement ratio for all mixtures was fixed at 0.38 and the
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ratio of sand to cement was equal to 3. Air entrained is
added to obtain a 2% air in the mixtures. For each mix,
two replicate specimens were casted for each test
conducted. The total number of specimens tested is 75.
The mixture design information is presented in Tab. 1.

2.3 Sample Preparation

Once the material are measured based on their
proportions, they were placed in the paddle and bowl
mixer in the following sequence as stated in ASTM
C305. First, the mixing water is decanted into the bowl.
Second, cement and MSWI-BA are mixed together and
added to the mix. The mixer is switched on for 30
seconds at slow speed (140 £ 5 rpm). Then, the whole
amount of sand is added gradually while still mixing at
slow speed. The mixer is then switched off and the
speed of the mixer is raised to 285 + 10 rpm. This was
followed by another 30 seconds mixing followed a 90
seconds resting period. This will allow for any materials
that have been collected on the sides of the bowl to be
scraped down. Finally, the mixer is switched on for a
final 60 seconds at medium speed. To check the
workability of the mortar, immediately after the mixing
procedure is over, a small amount of mortar is placed
on the flow table to determine the flow of the mortar. The
test is conducted according to ASTM C1437. From the
caliper measurements, the flow of mortar for all mixtures
was found to be in the range of 95-105% indicating good
workability. Following the flow test, the mortar was
directly poured into the molds. For the compressive
strength, standard steel cubic molds, 50x50x50 mm are
used according to ASTM C109. For the ultrasonic pulse
velocity and total water absorption tests, standard

cubes specimens with internal  dimensions
100x100x100 mm are used as shown in Fig. 1.
p——

Fig. 1. Mortar specimens.

3 RESULTS AND DISCUSSION

The results of the compressive strength, UPV, TWA
tests, data analysis and the correlation between the
three tests for mixtures containing 10%, 20%, 30% and
40% MSWI-BA will be presented in the following
sections. A short description of each test procedure will
be provided as well.

3.1 Compressive strength

The compressive strength of mortar is known as a
measure of mortar quality. It is a destructive test where
2 inches mortar cubes are subjected to compressive
forces at a rate of 1.4 kN/sec until failure. The
compressive strength of mortars depends on many
factors: mix proportions, water cement ratio, curing, etc.
The results of the compressive strength of
100%100x100 mm cubes are presented in Fig. 2 and 3.
Those figures display a set of relations between the
compressive strength of cubes and the curing duration
for mixtures containing different amount of MSWI-BA.
As shown, all plots display similar characteristics
pattern. Compressive strength increases as curing
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durations increase and this is irrespective of the amount
of MSWI-BA in the mixture. For example, for mix 3
holding 20% MSWI-BA as partial replacement of
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cement, the compressive strength for mortar cubes are
is 1.24, 4.3,13.1, 14.5 and 19.9 MPa for 1, 3, 7, 14 and
28 days curing. The results are very much expected.

Tab. 1: Details of mixes.

Mix # MSWI-BA W/_C Water Cement MSWI-BA Sand
Content (%) ratio (kg/m3) (Kg/m?3) (Kg/m?3) (Kg/m?3)

1 0 0.38 270 335.7 0 1008

2 10 0.38 270 302.1 335 1008

3 20 0.38 270 268.6 67.1 1008

4 30 0.38 270 235.7 100.7 1008

5 40 0.38 270 201.4 134.2 1008

The volume of the main hydration products; calcium
silicate hydrate (C-S-H) and calcium hydroxide (CH)
produced from the hydration of tricalcium silicate (C3S)
and dicalcium silicate (C2S) go up as curing period is
increased. This will eventually lead to the reduction of
capillary pores resulting in a more compact structure
and ultimately higher compressive strength. Several
other important observations can be deducted from the
plots. The compressive strength of the control mixture
displays the highest strength among all mixtures and the
relationship between the percentages of MSWI-BA in
mortar and the compressive strength is inversely
proportional. In other words, as the % MSWI-BA
increases in the mixtures, the compressive strength of
mortar cubes goes down and this can be noticed for all
curing durations. For example, for a curing period of 14
days, the compressive strength for the control mixture
is 22.5 MPa whereas it is 17.69 MPa for the mixture
containing 10% MSWI-BA. Similarly, the strength
continues to decrease to 14.5, 11.3 and 9.3 MPa for
mixtures comprising 20%, 30% and 40% MSWI-BA
respectively. Therefore, one can deduct that the
addition of MSWI-BA to mortar is detrimental to the
compressive strength. One possible explanation is that
the presence of MSWI-BA with cement alter the nature
of the hydration phases. Partial replacement of cement
by MSWI-BA reduces the proportion of primary
reactants C3S and C2S resulting in insufficient
formation of C-S-H leading to a drop in the mechanical
strength. Although the above finding indicates that the
addition of MSWI-BA to the mixture will not promote
strength but will only bring dilution effect to the hydration
system and retard the cementitious reaction, it is
important to determine precisely the % decrease in
compressive strength for all mortar mixtures at all curing
duration as this will allow concrete technologists
determine the maximum permitted amount of MSWI-BA
in mortar. Results of the analysis are shown in Fig. 4. At
the early ages (1, 3 and 7 days), the % decrease in
compressive strength is very significant. For example,
at one day, the drop for mixtures having 10%, 20%, 30%
and 40% MSWI-BA is 20%, 35%, 56%, and 79%
respectively. This is a clear indication that pozzolanic
reaction of bottom ash is almost nonexistent at early
ages. On the other side, at 28 days curing, those drops
are significantly reduced to 9%, 19%, 29% and 36%
respectively. Although none of the mixtures containing
MSWI-BA compressive strength topped the one of the
control specimen, results indicate that some sort of
pozzolanic activity took place. Pozzolanic reaction
requires the presence of CH from the hydration of
portland cement. At early ages, CH was not available.
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After 3 weeks, the reactive silica in MSWI-BA react with
CH to form secondary C-S-H and calcium aluminate
hydrate (C-A-H) possessing cementitious properties. To
determine the quality and exact amount of MSWI-BA
allowed in the mixtures, the pozzolanic activity index
(PAI) needs to be determined. According to ASTM C311
and C618, samples with PAI greater than 75% at 28
days are considered to have a positive PAIL Fig 5
displays the PAI for all mixtures at all curing durations.
As shown, mix 2 holding 10% MSW!I-BA replacement
level has PAI of 80%, 76%, 84%, 78% and 91 at 1, 3, 7,
10 and 14 days respectively. The PAI values for other
mixtures decrease steeply below the minimum
threshold of 75% as the % MSWI-BA increases from 10
to 20%, 30% and 40%. Consequently, based on the PAI
results, although possessing limited pozzolanic activity,
MSWI-BA can be considered as cementitious
supplementary material by the concrete manufacturing
industries if the cement replacement levels by MSWI-
BA does not exceed 10%.
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Fig 2 Effect of curing duration on compressive
strength.
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Fig 5. Pozzolanic activity index for the various mixes.

3.2 Ultrasonic pulse velocity tests

The ultrasonic pulse velocity (UPV) test is a
nondestructive test to check the quality of concrete. This
procedure consists of measuring the velocity of an
ultrasonic pulse wave that pass through the concrete
structure. It has been standardized as “Standard Test
Method for Pulse Velocity through Concrete” (ASTM C
597, 2016).

Table 2 provides the classification of concrete based on
the pulse velocity [IAEA 2012]. A shown in the table,
higher velocity indicates higher concrete quality in terms
of density, uniformity, etc. whereas lower velocity points
to low quality in terms of cracks, defects, presence of
voids and other discontinuities.

Tab. 2 Classification of the quality of concrete on the
basis of pulse velocity [IAEA 2012]

Pulse Velocity Quality of Concrete

>4.5 km/s Excellent
3.5-45km/s Good

3.0-3.5km/s Doubtful
2.0-3.0km/s Poor

<2.0 Very poor

In this study, the UPV test was conducted on all mortar
samples at all ages. Results are presented in Fig. 6.
Several interesting observations can be made. First,
Mix 1 (control sample) yields higher UPV values than
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mixes containing MSWI-BA. Therefore, one can
conclude that MSWI-BA affect negatively the quality of
mortar. This may be due to the fact that the presence of
MSWI-BA in the matrix leads to the creation of voids
resulting in lower UPV values. Second, it can be seen
that the relationship between the UPV results and
amount of MSWI-BA is inversely proportional. For
example, the UPV results are 4.52, 4.24, 3.09, and 2.81
km/sec for mixtures containing 10%, 20%, 3% and 40%
MSWI-BA respectively. This is an indication that the
presence of MSWI-BA beyond the 10/20 percent
reduces significantly the quality and uniformity of
mortar. One possible explanation is that the volume of
voids between MSWI-BA particles increase as the
amount raises. Third, almost all UPV results for mixtures
4 (30% MSWI-BA) and 5 (40% MSWI-BA) at all curing
duration fall below 3 km/sec classifying effectively the
mortar as poor. One possible reason for this behavior is
that the MSWI-BA plays the role of a filler material in the
mortar matrix and contribute to the hydration process in
a very limited scale. Fourth, as curing duration
increases, UPV values goes up and this is irrespective
of the amount of MSWI-BA in the mixtures. This last
point is very expected as the moisture level play an
important role during hydration leading to the
development of hydration product contributing to the
strength and uniformity of mortar. Thus the higher UPV
values. Lastly, from all mixtures incorporating MSWI-
BA, mix 2 (10% MSWI-BA) at 28 days generates the
highest UPV value (4.52) indicating excellent mortar
quality.
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Fig. 6 UPV for the various mortar mixes.

3.3 Total water absorption (TWA)

The TWA is a nondestructive test conducted on 9
mortar/concrete samples to measure the amount of u0% =10% MSWIFA
water absorbed after a specific period of time. It can be < " 20% MSWIFA 30% MSWIFA
considered a relevant parameter that can be related to < = 40% MSWIFA
the performance of mortar. The TWA depends on many 26
factors: mixture proportions, curing duration, air content, IS
presence of chemical admixtures and supplementary §,
cementitious materials, etc. Following 7, 14 and 28 days f(’
of curing, the mortar specimens are placed in oven at 5 3
80C for 48 hrs until a constant mass is reached. S
Afterwards, the cubes are totally immersed in water for =
24 hrs and the TWA is determined accordingly. Results
are presented in Fig. 7 and 8. 0
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Fig. 7 Effect of MSWI-BA on TWA.
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TWA goes up as the % of MSWI-BA increases. For
example, at 28 days, the TWA is 4.5%, 4.8%, 5%, 5.1%
and 5.1% for mixtures containing 0%, 10%, 20%, 30%
and 40% MSWI-BA respectively. This is equivalent to a
6.6%, 4.1%, 2% and 2% increase for each 10%
increment of MSWI-BA In an expectant manner, the
control specimen displays the lowest TWA (4.5%) but
the other mixtures show higher TWA values. It is well
known that MSWI-BA has a high amount of fine particles
leading to a much higher surface area and therefore
contributing to higher water absorption. Consequently,
as the amount of MSWI-BA particles increase in the
mixtures, the TWA raises as well reducing the amount
of water available to react with cement in the mortar.
That can explain as well the significant drop in
compressive strength for mixtures holding 20%, 30%
and 40% MSWI-BA. It is interesting here to note the
TWA values for all mixtures remain almost constant at
7 days curing. Thus, it can be deducted that the
presence of MSWI-BA is not the main factor affecting
mortar absorptions properties. From the plots, it can be
shown that the effect of curing on TWA are pretty
significant. For example, for mix 2 (10%MSWI-BA), the
TWA is 5.8% at 7 days curing whereas it is 5.3% and
4.8% at 14 and 28 days respectively. This is equivalent
to 9.4% and 10.4% decrease. This can be easily
explained as follows: as water absorption reflects the
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porosity of the matrix, the increase in curing leads to the
capillary pores in the mortar being filled with water
resulting in a reduction of water absorption with time.

3.4 Test correlations

As mentioned previously, the compressive strength test
is destructive test whereas the UPV test is not.
Therefore, researchers have shown interest in the past
to explore the relationship between the compressive
strength and UPV. Because of the variability in the
mixture design, those relationships do not have a
general pattern and the strength of mortar/concrete
mixtures can’'t not be determined accurately [IAEA
2002, Prassianakis 2003, Mahure 2011]. However, in
this study, we have explored the connections between
compressive strength and UPV. Fig. 9 illustrates this
relationship at all curing ages and a general best fit
formula is developed. As shown, the compressive
strength increases with UPV and draws near a linear
relationship and the coefficient of determination R2 is
0.97, 0.25, 0.97, 0.97 and 0.96 at 1, 3, 7, 10 and 14
curing days respectively. Data analysis indicates a very
high correlation between UPV and compressive
strength at all ages except at 3 days. This is possibly
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due to a measurement error of the UPV value for mix 3
(20% MSWI-BA) at 3 days. The high correlation at other
ages (1, 7, 10 and 14 days) are consistent with our
understanding that high UPV values indicate high
quality concrete with minimum amount of voids which
corresponds to higher compressive strength. Another
correlation was performed between the TWA and the
compressive strength at 7, 14 and 28 days. Results are
presented in Fig 10. As shown, a general negative
correlation exits between TWA and compressive
strength. A decrease in TWA is accompanied by a
corresponding increase in compressive strength.
Clearly, the relationship was very strong (0.99 at 7days,
0.94 at 14 days and 0.84 at 28 days). At 28 days, the
TWA was the lowest as more curing means less voids
and thus higher compressive strength and more durable
mortar. On the other side, TWA was highest at 7 days,
as less curing period implies more voids and less
hydration contributing to lower strength. It should be
mentioned here that the relationships shown in Fig 9
and 10 are case specific to this study as the UPV,
compressive strength and TWA depend on many
factors such as cement-mortar paste content, water
cement ratio, size of specimen and amount of MSWI-
BA.
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4 CONCLUSIONS

In this research, the potential use of MSWI-BA as a
partial replacement in mortar specimens was
investigated through a series of laboratory tests:
compressive strength, UPA and TWA. Based on the
work conducted, the conclusions made below would be
a step forward toward the development of design
guidelines for the use of MSWI-BA. The presence of
MSWI-BA greatly reduces the compressive strength as
its percentage replacement of cement increases from
10% to 40%. It was found as well that MSWI-BA
possesses limited pozzolanic activity and its amount
should not exceed 10%. Regarding UPV results, it was
shown that curing duration is a major factor in assessing
mortar quality and the presence of MSWI-BA beyond
the threshold of 10%-20% dramatically decreases its
quality. On the other side, the utilization of MSWI-BA in
mortar at different levels was not the found to be the
major factor affecting its absorptions properties. Data
analysis of all tests presents a high correlation between
the compressive strength and the UPV and between the
strength and TWA.

5 RECOMMENDATIONS

In future research, effort should be made to conduct
durability tests such as sulfate attack and alkali
aggregate reaction on mortar samples containing
MSWI-BA. Different treatment methods of MSWI-BA
before use in mortar can be also a point to be
investigated.

6 ACKNOWLEDGEMENT

The authors gratefully acknowledge the assistance at
Beirut Arab University. Another thanks goes to the plant
who provided the MSWI-BA.

7 REFERENCES

[An 2017] An, J.; Kim, J.; Hyun Nam, B.; Investigation
on Impacts of Municipal Solid Waste Incineration
Bottom Ash on Cement Hydration. ACI Materials
Journal, Sep/Oct 2017, Vol. 114, Issue 5, p701-711.

[An 2015] An, J.; Nam, B. H.; Kim, J.; Investigation on
Chemical and Physical Effects of Municipal Solid Waste
Incineration (MSWI) Ashes in Cement Hydration.
Proceedings of Transportation Research Board 94th
Annual Meeting, Washington, DC, Jan. 11-15, 2015.

[ASTM 2016] ASTM C109.; Standard Test Method for
Compressive Strength of Hydraulic Cement Mortars
(Using 2-in. or [50-mm] Cube Specimens), ASTM
International, West Conshohocken, PA, 2016.

[ASTM 2014] ASTM C305-14.; Standard Practice for
Mechanical Mixing of Hydraulic Cement Pastes and
Mortars of Plastic Consistency, ASTM International,
West Conshohocken, PA, 2014.

[ASTM 2017] ASTM C311 / C311M-17, Standard Test
Methods for Sampling and Testing Fly Ash or Natural
Pozzolans for Use in Portland-Cement Concrete, ASTM
International, West Conshohocken, PA, 2017.

[ASTM 2016] ASTM C597-16.; Standard Test Method
for Pulse Velocity Through Concrete, ASTM
International, West Conshohocken, PA, 2016.

[ASTM 2017] ASTM C618-17a.; Standard Specification
for Coal Fly Ash and Raw or Calcined Natural Pozzolan

ICBBM2019

[ASTM 2015] ASTM C1437-15.; Standard Test Method
for Flow of Hydraulic Cement Mortar, ASTM
International, West Conshohocken, PA, 2015.

[Aubert 2004] Aubert, J. E.; Husson, B.; Vaquier, A.;
Metallic Aluminum in MSWI Fly Ash: Quantification and
Influence on the Properties of Cement Based Products.
Waste Management, 2004 Vol. 24, Issue 6, p. 589-596.

[Baalbaki 2018] Baalbaki, O.; Abdallah, B.; Elkordi, A.;
Khatib, J.; Characterization of Thermal Treated Clay
Obtained From Lebanese Local Resources as
Supplementary Cementitious Materials. 1st
International Conference on Urban Health & Wellbeing
Uhwb, 417-422, 2018.

[Charbaji 2018] Charbaji, M.; Baalbaki, O.; Khatib, J. M.;
Elkordi, A., Characterization of Fly Ash Originated From
Lebanese Municipal Solid Waste Plant. International
Congress on Engineering and Architecture, Turkey.
1565-1576, Nov 2018.

[Becquart 2009] Becquart, F.; Bernard, F.; Abriak, N. E.;
Zentar, R.; Monotonic Aspects of the Mechanical
Behaviour of Bottom Ash from Municipal Solid Waste
Incineration and its Potential Use for Road
Construction, Waste Management, April 2009, Vol. 29,
Issue 4, p.1320-1329.

[Berg 1998] Berg, E.; Neal, J.; Municipal Solid Waste
Bottom Ash as Portland Cement Concrete Ingredient.
Journal of Materials in Civil Engineering, ASCE, August
1998, Vol. 10, Issue 3, p.168-173.

[Bertolini 2004] Bertolini, L.; Carsana, M.; Cassago, D.;
Quadrio Curzio, A.; and Collepardi, M., MSWI Ashes as
Mineral Additions in Concrete. Cement and Concrete
Research, October 2004, Vol. 34, Issue 10, p. 1899-
1906.

[IAEA 2002] International Atomic Energy Agency.;
Guidebook on non-destructive testing of concrete
structures, Vienna, Austria, 2002.

[El-Darwish 1997] El-Darwish, I.; Kurdi, A.; Mahmoud, H.;
Abou El-Kair, H.; Mechanical Properties and Durability of
Portland Cement Concrete Incorporating ground Steel
Making Slag", Alexandria Engineering Journal, January
1997, 36 (1), 1-14.

[El-Kurdi 2014] El-Kurdi, A.A.; Abdel-Hakam, A.; El-
Gohary, M.M.; Study the effect of silica fume,
polypropylene fiber, steel fiber, limestone powder and
bentonite on the fire resistance of concrete.
International Journal for Research and Analysis in Allied
Sciences and Engineering, April 2014, 1 (1), 13-29.

[Ghanem 2019] Ghanem, H., Obeid, Y., Trad, A.,
Dandachy, M. The Impact of Steel Fibers on the
Properties of Self Compacting Concrete. In: Rodrigues
H., Elnashai A. (eds) Advances and Challenges in
Structural Engineering. GeoMEast 2018. Sustainable
Civil Infrastructures. Springer, Cham pp 138-150, 2019.

[Herki 2013] Herki, B.A.; Khatib, J.; Lightweight
concrete incorporating waste expanded polystyrene.
Advanced Materials Research Journal, 2013, 787, 131—
137, Trans Tech Publications, Switzerland, ISBN: 978—
3-03785-802-8,
doi:10.4028/www.scientific.net/AMR.787.131

[Herki 2016] Herki, B.A.; Khatib, J.; Valorisation of waste
expanded polystyrene in concrete using a novel
recycling technique. European Journal of
Environmental and Civil Engineering, 2016, Taylor &

for Use in Concrete, ASTM International, West Francis, pp 1384-1402

Conshohocken, PA, 2017. [Khatib 2016] Khatib, J.; Sustainability of Construction
Materials. Woodhead Publishing Series in Civil and
Structural Engineering, Publisher ~ Woodhead

AJCE - Special Issue Volume 37 — Issue 2 88



Publishing, August 2016, ISBN

9780081003916, 742 pages.

[Khatib 2008] Khatib, J.; Mangat, P.S.; Wright, L.;
Sulphate resistance of blended binders containing FGD
waste. Construction Materials Journal — Proceedings of
the Institution of Civil Engineers (ICE), Vol. 161, Issue
CM3, August 2008, pp. 119-128. ISNN 1747-650X doi:
10.1680/coma.2008.161.3.119

[Khatib 2009] Khatib, J.; Kayali, O.; Siddique, R.;
Strength and Dimensional Stability of Cement—Fly Ash—
Metakaolin Mortar. American Society of Civil Engineers
(ASCE) — Materials in Civil Engineering Journal, 21 (9),
523-528, September 2009, ISSN 0899-1561/2009/9—
523-528, DOI: 10.1061/(ASCE)0899—
1561(2009)21:9(523).

[Khatib 2013a] Khatib, J.; Mangat, P.S.; Wright, L.; Early
Age Porosity and Pore Size Distribution of Cement
paste with Flue Gas Desulphurisation (FGD) Waste.
Journal of Civil Engineering and Management, 2013, 19
(5), 622-627, Taylor & Francis, ISSN 1392-3730 &
1822-3605, doi: 10.3846/13923730.2013.793609

[Khatib 2013b] Khatib, J.; Wright, L.; Mangat, P.S,;
Effect of fly ash—gypsum blend on porosity and pore
size distribution of cement pastes. Journal of Advances
in Applied Ceramics, Structural, Functional and
Bioceramics, 2013, 112 (4), 197-201, online, ISSN
17436753, DOI: 10.1179/1743676112Y.0000000032

[Khatib 2014] Khatib, J.; Mangat, P.S.; Wright, L.; Pore
Size Distribution of Cement pastes Containing Fly Ash—
Gypsum Blends Cured for 7 Days. Korean Society of
Civil Engineering (KSCE) Journal, 2014, 18 (4), 1091—
1096. doi: 10.1007/s12205-014-0136—8 Online ISSN:
1976-3808; Print ISSN: 1226-7988

[Khatib 2015] Khatib, J.; Jefimiuk, A.; Khatib, S.;
Flexural behaviour of reinforced concrete beams
containing expanded glass as lightweight aggregates.
Slovak Journal of Civil Engineering, 2015, 23 (4), 1-7,
De Gruyter Publishing. doi: 10.1515/sjce—2015-007,
http://www.svf.stuba.sk/generate _page.php?page_id=
2075 ISSN: 1210-3896

[Khatib 2016] Khatib, J.; Wright, L.; Mangat, P.S.; (2016)
Mechanical and Physical Properties of Concrete
Containing FGD Waste. Magazine of Concrete
Research, 2016, Vol 68, No. 11, pp 550-560. Article
number: MACR-D-15-00092.doi:
10.1680/macr.15.00092.

[Mangat 2006] Mangat, P.S.; Khatib, J.; Wright, L.;
Optimum Utilisation of Flue Gas Desulphurisation
(FGD) Waste in Blended Binder for Concrete.
Construction Materials Journal — Proceedings of the
Institution of Civil Engineers, August 2006, 1 (2), pp 60—
68, ISNN 1747-650X.

[Okeyinka 2015] Okeyinka, O.M.; Oloke, D.A.; Khatib,
J.; A review of recycle use of post—consumer waste
paper in construction. Proc. of the 1t International
Conference on Bio—based Building Materials (ICBBM
2015), Eds. Amziane and Sonebi, 21-24 June 2015,
Claremont-Ferrand, France. RILEM, pp. 711-717,
ISBN PRO 99: 978-2-35158-154—4.

0081003919,

AJCE - Special Issue

ICBBM2019

[Jaturapitakkul 2003] Jaturapitakkul, C.; Cheerarot, R.;
Development of Bottom Ash as Pozzolanic Material.
Journal of Materials in Civil Engineering, ASCE,
February 2003, Vol. 15, Issue 1, p.48-53.

[Jiang 2009] Jiang, Y.; Xi, B.; Li, X.; Zhang, L.;, Wei, Z.;
Effect of water-extraction on characteristics of melting
and solidification of fly ash from municipal solid waste
incinerator. Journal of Hazardous Materials, January
2009, Vol.161, Issue 2-3, p.871-877.

[Lynn 2017] Lynn, C.; Ghataora, G.; Dhir OBE, R
Municipal incinerated bottom ash (MIBA) characteristics
and potential for use in road pavements. International
Journal of Pavement Research and Technology, March
2017, Vol. 10, Issue 2, p.185-201.

[Massoud 2016] Massoud, M.; Merhebi, F.; Guide to
Municipal Solid Waste Management. American
University of Beirut - Nature Conservation Center (AUB-
NCC), 2016.

[Mahure 2011] Mahure, N.; Vijh, G.; Sharma, P.;
Sivakumar, N.; Ratham, M.; Correlation between Pulse
Velocity and Compressive Strength of Concrete.
International Journal of Earth Sciences and
Engineering, October 2011, Vol. 04, Issue 6, p. 871-
874.

[Pan 2008] Pan, J.; Huang, C.; Kuo, J.; Lin, S;
Recycling MSWI Bottom and Fly Ash as Raw Materials
for Portland Cement. Waste Management, 2008, Vol.
28, Issue 7, p.1113-1118.

[Prassianakis 2003] Prassianakis, 1.; Giokas, P.;
Mechanical properties of old concrete using destructive
and ultrasonic non-destructive testing methods.
Magazine of Concrete Research, April 2003, Vol. 55,
Issue 2, p. 171-176.

[Siddique 2010] Siddique, R.; Use of municipal solid
waste ash in concrete. Resources, Conservation and
Recycling. December 2010, Vol. 55, Issue 2, p83-91.

[Sonebi 2016] Sonebi, M., Ammar, P., Diederich, P.;
Sustainability of cement, concrete and cement
replacement materials in construction. In: Khatib, J.M.
(ed.), Sustainability of Construction Materials. 2nd ed.
Elsevier, 2016, pp 417-460, ISBN 978-0-08-100995—
6

[Yang 2018] Yang, Z.; Ji, R; Liu, L.; Wang, X.; Zhang,
Z.; Recycling of municipal solid waste incineration by-
product for cement composites preparation.
Construction and Building Materials, February 2018,
Vol. 162, Issue 20, p794-801.

[Wongsa 2017] Wongsa, A.; Boonserm, K.
Waisurasingha, C.; Sata, V.; Chindaprasirt, P.; Use of
municipal solid waste incinerator (MSWI) bottom ash in
high calcium fly ash geopolymer matrix. Journal of
Cleaner Production, April 2017, Vol. 148 p. 49-59.

[Wright 2016] Wright, L.; Khatib, J.; Sustainability of
desulphurised waste materials in construction. In:
Khatib, J.M. (ed.), Sustainability of Construction
Materials, 2nd edition. Elsevier, 2016, pp. 685-720,
ISBN 978-0-08-100995-6

Volume 37 — Issue 2 89


http://www.svf.stuba.sk/generate_page.php?page_id=2075
http://www.svf.stuba.sk/generate_page.php?page_id=2075
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18495335
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xi%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18495335
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20X%5BAuthor%5D&cauthor=true&cauthor_uid=18495335
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=18495335
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=18495335
https://www.sciencedirect.com/science/article/pii/S1996681416301729#!
https://www.sciencedirect.com/science/article/pii/S1996681416301729#!
https://www.sciencedirect.com/science/article/pii/S1996681416301729#!
https://www.sciencedirect.com/science/article/pii/S1996681416301729#!
https://www.sciencedirect.com/science/journal/19966814/10/2
https://www.sciencedirect.com/science/article/pii/S0956053X0700147X#!
https://www.sciencedirect.com/science/article/pii/S0956053X0700147X#!
https://www.sciencedirect.com/science/article/pii/S0956053X0700147X#!
https://www.sciencedirect.com/science/article/pii/S0956053X0700147X#!
https://www.sciencedirect.com/science/article/pii/S0956053X0700147X#!
https://www.sciencedirect.com/science/article/pii/S0921344910002193#!
https://www.sciencedirect.com/science/article/pii/S0921344910002193#!
https://www.sciencedirect.com/science/journal/09213449
https://www.sciencedirect.com/science/journal/09213449
https://www.sciencedirect.com/science/journal/09213449/55/2
https://www.sciencedirect.com/science/article/pii/S0950061817324844#!
https://www.sciencedirect.com/science/article/pii/S0950061817324844#!
https://www.sciencedirect.com/science/article/pii/S0950061817324844#!
https://www.sciencedirect.com/science/article/pii/S0950061817324844#!
https://www.sciencedirect.com/science/article/pii/S0950061817324844#!

