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USE OF INCINERATOR BOTTOM ASH AS FILLING MATERIAL 

UTILISATION DE MACHEFERS COMME MATER IAU DE REMBLAI

Jan Hartl&n

Swedish Geotechnical Institute 

Linköping, Sweden

SY NOPSIS: In Sweden, 400,000 tons o f incinerator bottom  ash are produced per year. R oughly 250,000 tons can be reused, especially as filling 

m aterial. Actual utilization is, however, very low  as there are no sim ple rules or procedures to follow  when applying for official environm ental approval 

for a  particular p ro jec t

A  large-scale project has been perform ed in Sw eden w ith the aim  o f achieving a  m ore regular use o f bottom  ash based on proper technique and 

sim plified procedures. T he study involved both physical properties, in particular the behaviour o f the m aterial in road construction, and assessment 

o f  environm ental impact.

T he study com prised ashes from  two different plants. This paper prim arily  describes the test results from  using pre-sorted incinerator ash in the test 

road in M almo.
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BOTTOM ASH

A t the M alm o plant, sorting o f the bottom  ash takes p lace after the 

surplus quenching w ater has drained off. T he sorting includes screening 

and m agnetic separation. A fter this sorting activity, about 70%  o f  the 

bottom  ash can be regarded as a  possible substitute for gravel-like 

m aterials. T he grain size distribution o f this fraction is show n in Figure

1. T he rem aining 30%  from  the sorting operation contains about one 

third o f large scrap that can be sold, w hile the rest norm ally has to be 

landfilled.

Fig. 1. Particle size distribution of sorted ash from the Malmo 
incinerator plant.

A classification o f  the sorted bottom  ash has been m ade (Jacobsson, 

1989) and is show n in  Table 1. T he content is show n for different grain 

size intervals. A s can b e  seen from  the table, about 40%  is a  glassy 

material.

Table 1. Main components in a sorted bottom ash used in Malmo 
(Jacobsson, 1989).

5.6-8 mm

FRESH ASH

FRACTION

8-11.2 mm 
WEIGHT %

11.2-16 mm 5.6-8 mm

AGED ASH

FRACTION

8-11.2 mm 
WEIGHT %

11.2-16 mm

Magnetic
Non-magnetic slag 45.0 55.6 50.6 43.4 37.9 28.5
Glass 44.9 40.0 35.9 49.0 49.7 56.6
Ceramic material 1.3 2.4 3.4 Z3 3.9 5.0
Stone 8.7 2.0 10.1 5.3 8.5 9.9
Paper 0.1 -

B ottom  ashes from  incineration change properties w ith tim e due to 

drainage, C 0 2 uptake and hydrogen production caused by an excess o f  

alum inum . A lso oxidation o f  iron m ay change the properties (A ubry e t 

al, 1986). Experience in  E urope is that such storage leads to a  m ore 

stable product (Hartlen, 1988). In W est G erm any it has been found that 

tem porary storage prevents the ash from  future sw elling (M erkblatt, 

1986).

T he w ater content o f  the fresh ash (about one to two m onths old) before 

laying w as about 23%  and for one year old ash about 16%. However, 

the w ater content varies considerably.

TEST ROAD

A  test road was constructed close to the incinerator p lant in M alm o. The 

road is a lm o st500 m  long och 9 m  w ide and was built in 6  sections, each 

80 m  long. T he road is an internal road at the incineration plant, used  by 

about 300 heavy trucks pe r day.
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Both fresh and aged ash w as used in the construction. O ne section w as 

built w ith  natural frictional m aterial, follow ing norm al design rules, to 

be used as a  reference. T he configuraiton o f the different sections is 

show n in F igure 2. A sh was used no t only underneath the bitum inous 

layer, but also in the em bankm ent slopes. N ote that the ashphalt layer 

and the base course m aterial vary in thickness. T he subsoil consists o f  

old fill m aterial o f various types.

1

35 MAS

95 AG

120 BASE COURSE GRAVEL
125 __95 AG__ _ 145 AG

NORMAL
SUBBASE FRESH AGED AGED

COURSE 450 ASH 450 ASH 450 ASH 500

o o o

ADJUSTMENT LAYER 
SAND 2t)0

240 120

AGED 
ASH 450

AGED 
ASH 520

80 m 80 m

SUBSOIL

80 m 80 m 80 m 80 m

Fig. 3. Compaction curves (modified Proctor) o f sorted bottom ash of 
three different ages (Hartlen & Rogbeck, 1989).

Fig. 2. Test road built up in six different sections, o denotes placement 
of leachate collection tubes.

To m easure the environm ental im pact o f the ash gravel in the road, 

leachate collection devices w ere installed in the different sections. The 

collection devices were placed in the road underneath the subbase 

course, and in one section also below  the base course and the adjustm ent 

layer.

Surface run-off w ater is collected in boxes at the low er edge o f  the 

inclined road and a leachate collection device was also placed along the 

road in the em bankm ent slop«. T he flow m easurem ents w ere m ade w ith 

a  tipping bucket system  and autom atic sam ple collection, type SGI 

(Lundgren &  Hartlen, 1991). Leachate col lection w as started in D ecem ­

ber 1988. The data presented refer to a  350-400 day sam pling period.

Physical Properties

In the laboratory, com paction tests w ere perform ed on fresh ash-gravel, 

ash-gravel 1 m onth old and an aged ash-gravel (over 1 year old). As 

show n in F igure 3, a  clear com paction curve with a  w ell-defined peak 

w as obtained only for the aged m aterial. However, the m axim um  

recorded values are o f  the sam e order o f size for the different ages o f  ash- 

gravel, i.e. 1.79 to 1.82 t/m 3.

A  com parison betw een field and laboratory com paction tests show s that 

com paction in the laboratory with heavy com paction resulted in greater 

crushing than that acutally obtained in the field. T he sam e conclusion 

has earlier been draw n in the case o f coal slag. A recom m endation is 

therefore to study the degree o f crashing in the field through Standard 

Proctor com paction o r vibratory com paction in the laboratory.

The aged ash was easy to com pact w ithout any indications o f instability. 

The com paction resulted only in m inor crushing o f the particles, 

increasing the content o f fines by a few  per c e n t  This m eans that the 

m aterial can be regarded as a  draining m aterial also after com paction.

D uring com paction, the h igher w ater content in the fresh ash-gravel led 

to a  loss o f  bearing capacity in the fill. A ground failure occurred under 

the 4.3-ton roller. This phenom enon can also be obtained in natural fine­

grained soils w hen the w ater content exceeds the optim al level by 3-5 

per cen t units according to m odified Proctor com paction.

To investigate the bearing capacity o f  the road, the Sw edish R oad and 

Traffic R esearch Institute (V TI) carried out falling w eight deflectom e- 

ter tests (FW D ). Based on these tests, the m odulus o f elasticity (Young's 

m odulus) can be evaluated for the test road in total as well as for the 

individual layers. 16 tests w ere m ade on each section. T he results are 

show n in F igure 4.

P a v in g  and

Base  c o u r s e  g r a v e l

E m ban km en t mean

S u b b a se  c o u r s e  

A d ju s tm e n t  l a y e r  and  

S u b s o i l

1 35 2 115 7 1053 589 7 71 1688

332 339 2 7 0 215 325 513
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Fig. 4. Modulus ofelasticity based on falling weight deflectometer tests 
performed by VTI (Jacobsson, 1989).

The results so far show that m ost o f the sections have good bearing 

capacity. T he difference betw een the reference section and the best
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sections with ash is within the error o f m easurem ent. An increase in 

thickness o f  the pa ving or the base course material results in a  significant 

increase in the total stiffness o f the road. In regard to the subbase 

material, small differences in the m odulus o f elasticity are shown 

betw een natural frictional m aterial (a sandy gravel) and fresh and aged 

sorted bottom  ash.

After the test em bankm ents had been finished, filling w ork was 

perform ed adjacent to a test com paction area for a  bridge abutm ent. The 

em bankm ent was com pacted with a 10-ton vibrating roller, 0.55 m  layer 

thickness and 6 roller passes, i.e. in the sam e w ay as the test em bank­

m ent. The total depth o f the fill was about 3.0 m.

In order to determ ine the stiffness, pressurem eter tests w ere perform ed 

at three depths, corresponding to 0.9, 1.8 and 2.7 m. O w ing to the 

lim ited area o f the fill, only one successful hole was m ade. In this hole, 

pressurem eter m oduli o f 33, 39 and 30 M Pa w ere m easured. These 

values indicate that the fill is firm. In order to achieve such a high 

firmness, chem ical reactions m ust have taken place in the fill after 

com paction, resulting in hardening. The firm ness o f the ash-gravel 

corresponds to that obtained in com pacted rock fills and is greater than 

that obtained in a  com pacted sand fill. However, it should be noted that 

experience so far is lim ited in the case o f ash-gravel fills. Nevertheless, 

the pressurem eter tests show that it should be possible to obtain a  very 

firm  fill when using slag from  incinerator plants.

E n v iro n m e n ta l Im p ac t

T he environm ental properties were studied by conventional shaking 

tests as w ell as special diffusion tests, perform ed in the SGI laboratory. 

Both tests indicate that the leachate content will decrease com paratively 

rapidly with time. There was not a  great difference in this respect 

betw een the salts (sulphate and chloride) and m etals in general 

(Kullberg, 1990). Som e m etals differ from  the general pattern, however.

T he laboratory tests were com pared with leachates collected in the field. 

There are differences w hich especially refer to the low er pH -value in the 

field leachates. T he great influence o f  the pH -value has been show n by 

van derS Io o t(1 9 9 1 ).

A  general assessm ent o f the effect that graded bottom  ash fill m ay 

conceivably have on the nearest (m ost sensitive) w atercourse can be 

m ade if  a  num ber o f  assum ptions are taken:

* T he form ation o f leachate corresponds to the percolation through 

perm eable fractured asphalt (100 mm/year).

* Sorption o f transported elem ents corresponding to 50%  takes place 

in the underlying soil.

* T he leachate is diluted only with such surface w ater and ground w ater 

as have fom ed in its "own" runoff area.

* No sorption in the surface w atercourse o f the substances in question 

from  the bottom  ash is expected.

D ilution o f the leachate in the internal runoff area and thereby in the soil 

layers and eventually in the local surface watercourse, w ill naturally 

depend on the size o f the runoff area. In m ost cases, however, dilution 

corresponding to a factor o f a  least 100 within reasonable distance o f a 

sizeable fill is likely to be achieved. If  the background level is assum ed 

to correspond to that in unaffected watercourses, then the increased 

levels can be calculated as show n in Table 2. A corresponding

Table 2. The "normal" chemical composition of the leachate from

sorted slag is assessed on the basis of the project results as 
well as on the corresponding "unaffected" background 
content in surface water and the calculated content resul­

ting from the discharge of leachate into local watercourses 
(Hartlén & Lundgren, 1991).

Substance/
parameter

Content in 
lechate from 
graded slag

Content 
background 
surface water

Content
local
watercourse

Contamination
factor

Chloride (mg/1) 120 4 5.1 1.3
Sulphate (mg/1) 300 15 17.8 1.2

Aluminium (|!g/l) 50 30 30.2 1.0 1

Cadmium ((ig/1) 0.5 0 .02 0.025 1.2

Chromium (|ig/l) 4 0.3 0.34 1.1

Copper (ng/1) 20 0.7 0.89 1.3

Nickel (|ig/l) 25 0.5 0.74 1.5
Lead (|ig/l) 10 0 .2 0.30 1.5
Zinc (flg/1) 100 2.0 3.0 1.5

contam ination factor follow ing the National Environm ent Protection 

Agency's "General Advice" (1990) can be assessed in the watercourse.

In spite o f  the conservative assum ptions in the calculations, the contam ­

ination factor for nickel, lead and zinc w ould obviously reach the lim it 

between "insignificant effect" (up to 50%  increase) and "significant 

effect" (50-200%  increase). However, it should be noted that this applies 

to an initial stage before dilution of the leachable part o f the residual 

products starts to occur. A  reduction of the leachate content by a  factor 

o f 5-10 is obtained after only a few years.

The environm ental im pact should not be evaluated solely on the basis 

o f concentrations in leachate and thus in the affected ground w ater and/ 

or surface water. T he total am ount in grams, for exam ple, is also o f 

importance.

C O N C L U S IO N S

T he conclusion is that sorted bottom  ash from  incineration has a 

potential for utilization. T he ash can be handled as a  natural aggregate 

and will after com paction result in an em bankm ent w ith good bearing 

capacity. T he ash m ust age at least 2-4 m onths before use and the 

m agnetic m aterial separated.

T he environm ental im pact w ill be lim ited. However, the ash m ust not 

be used close to ground w ater catchm ent areas. Furtherm ore, the road 

surface should be covered with an im pervious asphalt to reduce the 

leachate production. Efforts should be m ade to use further source 

separation before and after incineration, thus reducing the m etal content 

in the ash.

Finally, the SG I is now developing a system  for quality assurance o f 

bottom  ash.
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