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Abstract: Recycling of municipal and commercial solid wastes is nowadays an essential need 
for sustainable development all over the world. One of ways to recycle such wastes is its 
incineration in MSWI facility and utilization of the generated ashes – bottom ash and fly ash. 
The present paper deals with utilization of MSWI bottom ash as partial replacement of fine 
aggregates in concrete. Such recycling enables to lower consumption of natural resources 
and, in certain limit, also to improve strength of the concrete. The ability of the studied MSWI 
bottom ash to replace fine aggregates was evaluated by measurement of compressive strength 
of composite materials containing up to level of 15 % replacement.        

Keywords: bottom ash, MSWI, waste materials, concrete  

1 Introduction  

Incineration of municipal and commercial solid wastes in MSWI facilities (Municipal Solid 
Waste Incinerator) is a way how to recycle not only separate paper, plastics, metals and glass 
but also unseparate or difficult to separate wastes. The types and composition of solid 
residuals of incineration differ from plant to plant depending on the used technology of the 
flue gases treatment. The bottom ash (under grate slag) is produced by all MSWI as the most 
important (by mass) stream. 
The ashes from coal power plants are well known to have pozzolanic properties due to high 
content of reactive SiO2 which destines them for application as concrete admixture. Besides 
the active role in hydration processes in composite materials, the ashes may play a role of 
(micro)filler in these materials. It depends on chemical composition and pozzolanic activity of 
particular ash. Since the bottom ash used within this work was quenched by water 
Pera et al. [1] used MSWI bottom ash (fraction) 4–20 mm as replacement of aggregates (4–16 
mm) in concrete. The replacement of 50 % caused rather considerable decrease of strength of 
the concrete. Ferraris et al. [2] prepared “vitrified MSWI bottom ash” by its heating to 
1450 ˚C and air quench. This material was crushed and used successfully as filler in concrete. 
The use of coarser fraction as replacement of sand (aggregates to 5 mm) was impossible since 
the vitrified bottom ash had smooth surface which caused its poor adhesion to cement binder. 
Müller and Rübner [3] pointed out the risks caused by presence of aluminium and glass in 



MSWI slag which consist in hydrogen evolution (reaction of aluminium in alkaline 
environment) and ASR in concrete. Both of these MSWI slag components thus reduce the 
strength and durability of the concrete. Other risky components are soluble salts [4]. Problems 
with aluminium and soluble components may be avoided by washing of the bottom ash [5]. In 
this paper [5], authors reached increase of concrete compressive strength by 30 % cement 
replacement by wet ground MSWI bottom ash.        
The present paper deals with utilization of MSWI bottom ash in state “as received” as 
concrete admixture with intension to replace partially natural fine aggregates (0–4 mm sand).      

2 Materials and experimental methods 

The chemical composition of MSWI bottom ash was measured by XRF analysis, the content 
of ash-forming oxides is presented in Tab. 1. Positive is the high content of hydraulic oxides 
which indicates the possible pozzolanity of the bottom ash. Negative is content of sulfates and 
chlorides which are present as well. 
The fraction of 0-4 mm was separated from the received MSWI bottom ash and dried to the 
constant mass in dry air. The separated fraction 0–4 mm of bottom ash, as well as the natural 
sand, were analyzed by sieving according to standard ČSN EN 933-2 by help of sieves from 
0.063 to 8 mm. The fineness modulus was calculated according to ČSN EN 12620.    
 This fraction was used for preparation of composite materials – concrete; composition is 
given in Tab. 2 including the reference material (R1). As the binder was used “ordinary 
portland cement” CEM I 42.5 R; w/c was 0.52. Natural siliceous aggregates were used in 
three size fractions. The bottom ash replaced sand (0–4 mm) in amount from 2 up to 15 %. 
Three cubes 150x150x150 mm were prepared from each mixture and cured from demolding 
to 28 days in water; then the compressive strength was determined (ČSN EN 12390-3). The 
reference material was cured separately from the ash-containing samples. The consistency of 
fresh mixture was measured by slump test (ČSN EN 12350-2).   
 

Tab. 1: Content of ash forming oxides in bottom ash by XRF. 
 

Oxide wt. % 
Al2O3 13 
CaO 17 
Fe2O3 5.8 
K2O 1.8 
MgO 2.6 
Na2O 4.8 
P2O5 0.93 
SiO2 51 
TiO2 0.82 
∑ 98 

    
 
 
 
 



Tab. 2: Composition of prepared composite materials (kg m-3). 
 

Mixture Cement Bottom 
ash Aggregates Water 

    0–4 0–4 4–8 8–16 w/c 
R1 400 0 606 260 867 208 
S02 400 13 593 260 867 208 
S05 400 33 573 260 867 208 
S10 400 60 547 260 867 208 
S15 400 93 513 260 867 208 

3 Results 

The materials of composition given in Tab. 2 were prepared. The consistency of the fresh 
mixtures was checked by slump test (Fig. 1). The addition of bottom ash reduced the slump 
significantly due to fast absorption of mixing water by bottom ash. That should not influence 
the hydration processes in the materials since the strength was measured after 28 days of 
water curing. 
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Fig. 1: Effect of bottom ash admixture on slump of the fresh concrete mixture. 

 
The compressive strength of the reference material was found to be 47.5 MPa. The effect of 
gradual increase of bottom ash – sand replacement in the concrete is presented in Fig. 2. One 
observes certain increase to 5 % of replaced fine aggregates, higher level of bottom ash 
replacement than 10 % caused decrease of compressive strength of concrete. This behaviour 
may be explained by granulometry of fine aggregates and bottom ash. Granulometry of 
natural sand (0-4 mm) and 0-4 fraction of bottom ash are shown in Fig. 3. The bottom ash 
contains more of fine particles smaller than 0.5 mm. The fineness modulus (determined by 
sieves 0.063 to 0.5 mm) of bottom ash and sand was found to be 0.35 and 0.31 respectively; 
the median of particle size 1.46 and 1.42 mm respectively. The higher content of fines in 
bottom ash has positive effect on the concrete strength because the fine fraction acts as filler 



in the composite structure. The decrease at 15 % (and higher) replacement is probably caused 
by lower compressive strength of grains of bottom ash when compared to grains of natural 
siliceous sand.   
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Fig. 2: Effect of bottom ash admixture on compressive strength (28 days). 
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Fig. 3: Granulometry of bottom ash and natural sand.  

4 Concluding discussion   

The obtained results showed that the used MSWI bottom ash may be used as partial 
replacement of sand in cement-based composite material. From the performed experiments 
follows that optimum replacement is 5 %, where the filler effect of MSWI bottom ash fines is 



significant. This level of replacement was found to be optimal just for the given concrete 
prescription; when one uses another ratio of aggregates fractions, the optimum level may 
change. The effect of w/c on the optimum replacement degree is significant as well. The 
observed high reduction of slump indicates need of use of plasticizer in order to increase 
workability of concrete containing the bottom ash. The risks related to the use of MSWI waste 
materials in concrete mentioned in literature (aluminium, soluble salts and glass content) are 
partially avoided in the studied bottom ash since it is washed by water already in MSWI 
facility. This is a significant benefit with respect to the durability of concrete. In future, the 
granulometry of MSWI bottom ash has to be optimized with respect to achieve the maximum 
filling of the concrete microstructure.      
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