A \ﬂ, THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
¢ Lyl % FASCICLE IX. METALLURGY AND MATERIALS SCIENCE

B e S NC. 1 - 2020, ISSN 2668-4748; e-ISSN 2668-4756

N, i Avticle DOI: https://doi.org/10.35219/mms.2020.1.02

RESEARCH REGARDING THE PARTIAL REPLACEMENT
OF AGGREGATES IN CONCRETE
WITH A BY-PRODUCT OF STEEL INDUSTRY

Liliana ANDONE, Andrada Gabriela ALEXANDRU, Marius BODOR*

“Dunarea de Jos” University of Galati, Romania
e-mail: *marius.bodor@ugal.ro

ABSTRACT

A continuous increase in demand for natural resources, in a high proportion
for the construction sector, creates the necessity to search for alternatives. This
work is intended to do so and the aim is the replacement of natural aggregates in
some concrete samples with a metallurgical industry by-product. The replacement
was gradual and only for one type of the three dimensions utilized. The results of
the many tests conducted revealed the possibility of natural aggregate replacement
in some extent, keeping the resulted properties of samples within the limits of the

standards.
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1. Introduction

In the last decades, different materials were used
in concrete composition in order to utilize some
industrial wastes or for reutilization of aggregates
from demolitions. In the concrete composition, the
aggregate represents an important share (at least 75%
from the concrete volume) and an important influence
towards concrete properties. Although, at first, the
aggregate was considered as an inert material,
dispersed in the cement paste, today, the conception
regarding the aggregate role in concrete is changed
being regarded as a material linked in a cohesive
whole through cement stone. The physical, thermic
and sometimes the chemical properties of aggregates
influence the concrete performances. Aggregate costs
are much lower compared to the cement and thus, it is
indicated for aggregate to be used as much as possible
[1].

Different types of materials can work together
with concrete or can participate in its structure, like
industrial by-products or different wastes. Numerous
studies were mainly focused on replacing the cement
with different quantities of fly ash, slag or ultrafine
silica [2]. Replacing the aggregate with industrial by-
products remained secondary since the price of this
concrete component is lower.

In the first stage, aggregate replacement was
done using metallurgical slags, in different
compositions, for civil and  hydrotechnical
constructions or for roads. First tests, using these

aggregate replacements satisfied mechanical strength
imposed by the natural aggregate concretes yet it is
necessary to deepen the studies on concrete types,
being required tests specific to each concrete type [2].

For construction concretes, replacement of
natural aggregates with slag aggregates leads to
higher concrete densities, recommending these
concretes in foundations or massive constructions
(hydrotechnical constructions for example) thus,
other analyses are imposed: permeability and
freezing-thaw resistance [3].

Linz-Donawitz (LD) slag is a type of industrial
by-product that was used as partial replacement of
aggregate in a former study [4], and promising results
were obtained. The burden of the mentioned study
was the weathering of the industrial by-product
through the process named carbonation with the
purpose to diminish the CaO content, responsible for
slag swelling in prolonged contact with water.
Different studies regarding mineral carbonation of LD
slag also occurred [5-8], and the process, although
rapid and efficient remains costly. The present study
aimed using an already marketed material obtained
from the same LD slag, namely LiDonit.

LiDonit utilisation may offer great economic
and ecological benefits. This product, which is a
trademark of the German industrial group
ThyssenKrupp, through its DSU division [9], is
successfully used for roads and railroads construction
in Europa, being legally approved in different
countries for these purposes. Although it has a greater
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porosity than that of traditionally used natural
aggregates, the LiDonit, with a special crystallin-
mineralogical composition, can compete with the
hardest rocks regarding their wear, impact and
compression resistance. Obtained by slag crushing,
the LiDonit granules are polyhedral in shape, with
sharp edges and corners and roughened faces. Also,
the density which is 20% higher and in appearance
seems a defect, helps this material to increase its auto-
compacting characteristic. All these features make
this secondary product of the Linz-Donawitz process
a material fit to be used especially in the construction
of roads in all road layers [10].

The utilization of LiDonit in road construction is
well documented [11] and already a success in many
construction sites. This paper aims to present an
alternative for the use of this material, namely as
partial replacement of aggregate in concretes.
Increasing the utilization of slag derived materials
will drive the reduction of piled by-products from the
steel industry and the impact to the environment
along with it. In this regard, two concrete recipes
were chosen, and five concentrations of natural
aggregate-LiDonite mixtures for each type of the two
concrete recipes. The final purpose was to
demonstrate through relevant laboratory tests the
optimal mixture of the LiDonit containing aggregate.

2. Materials and methods

2.1. Aggregates

The materials used as aggregates were divided
in three sorts: 0/4 mm; 4/8 mm and 8/16 mm. The
first two sorts used in this work were of natural
provenience and since LiDonit is usually
commercialised as coarse aggregate, in this study the
replacement of natural aggregate was realised only
for the 8/16 mm type sort (out of the three sorts
considered). The grades of coarse aggregates must be
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determined by using the dimensions of the sieves
presented in SREN 12620+Al: 2008. Thus, the
general characteristics of the granulosity is expressed
as a percentage of mass transfer of the aggregate with
the respective tolerances presented in SREN
12620+A1: 2008 [12].

LD slag is formed during steel production using
a technique developed in Linz and Donawitz (both in
Austria). LiDonit is produced by adding silicates and
oxygen to the still liquid slag to prevent possible
expansion and guarantee stability. Under quality
monitoring  regulations, its construction- and
environment-related parameters are subjected to
regular internal and external checks to guarantee a
high-quality building material product [13].

2.2. Cements

Two types of binders were used in this study,
namely the CEM Il A-V/42,5R and CEM Il A-
42,5N-LH class cements. Both types were obtained
by using industrial wastes in their content, CEM Il A-
V/42,5R type cement contains fly ash while CEM
/A 42,5 N-LH type cement contains granulated
blast furnace slag, making the two concrete recipes
used in this paper even more environmentally
friendly. The selected binders are typically used in
civil and industrial constructions, hydrotechnical
constructions, roads, bridges et al. [14].

2.3. Obtaining concrete samples

The concrete samples were obtained by mixing
cement, water, a superplasticizing additive and
aggregates in fixed quantities except for water. Water
quantity was varied so that the workability met the
standards [14]. The variation of water to cement
ration can be observed in Figure 1 and is represented
for each concrete recipe using the two types of
binders.

som« CEMIIT A-42 5N-LH
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o5 T 0.56 0.56
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50% LiDonit 25% LiDonit 100% Gravel

from 8/16 sort

Fig. 1. Representation of water to cement ratio used for each concrete recipe
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Figure 1 also presents the weight percentage of
LiDonit used to replace gravel (the 8/16 mm
aggregate sort). Thus, as it is observable in the figure,
five different recipes for each type of cement were
chosen as follows: 100%, 75%, 50% respectively
25% LiDonit out of the 8/16 mm sort and 100%
gravel as 8/16 mm aggregate sort.

2.4. Testing procedures

Different types of tests were used to analyse the
aggregate mixtures and then each concrete recipe.
Aggregate  mixtures were tested from the
granulometry, shape coefficient and degree of wear
point of view, while concrete samples were analysed,

before hardening, from the density and workability
point of view. After hardening (curing), concrete
samples were analysed regarding their compressive
strength, impermeability and freezing-thaw resistance
properties. All tests were conducted according to the
existing norms [12, 14-41].

3. Results and discussions

Prior to concrete recipes formation, LiDonit
containing aggregate mixtures were analysed and
compared with all-natural aggregate mixtures using
three above mentioned tests: granulometry, shape
coefficient and degree of wear.

Granulometric curves according to CP 012/1-2007 norm
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Fig. 2. Granulometric curves for all aggregate mixtures used in this study, compared to the
unfavourable, usable and favourable limits, according to CP 012/1-2007 norm

From the first mentioned test results point of
view, all mixtures, with small differences, are
between usable and favourable curves, meaning that
the granulometry of all aggregate mixtures is in
accordance to the standards (Figure 2).

As for the shape coefficient results, Figure 3
presents the limit of this type of analysis set by the
appropriate normative. The maximum for this test,
namely 25%, was exceeded only by the LiDonit 8/16
mm sort, while for the 4/8 mm and 8/16 mm sorts the
values were well below the admissible value. This
test is important in order to determine mass of all
plate and acicular granules from the analysed sample
and the higher-then-admissible value for LiDonit 8/16
mm sort is not of great concern since the purpose of
this work was to establish the optimal degree of
natural aggregate replacement with this metallurgical

by-product. If replacing 50% of the natural 8/16 mm
aggregate sort with LiDonit of the same
granulometry, the average value for the shape
coefficient test would still be under the maximal
admissible value set by the utilized standard.

The last test involving the aggregates used in
this study was the one regarding the wear degree,
using a Los Angeles type machine. The test results
(Figure 4) showed a good behaviour of the LiDonit
8/16 mm aggregate sort, compared to the same sort of
the natural provenience material, both samples
recording results under the maximum 30%
established by the standard.

Thus, the results from three tests used for the
aggregates proves the viability to use the LiDonit
material as partial replacement of natural aggregate in
some concrete recipes.
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Shape coefficient, according to SR EN 933-4 norm
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Shape coefficient
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4/8 mm sort 8/16 mm sort LiDonit 8/16 mm sort

Fig. 3. Results of the shape coefficient test for 4/8 mm, 8/16 mm and LiDonit 8/16 mm sort, compared
to the highest limit established through SR EN 933-4 norm

Degree of wear obtained with the Los Angeles type machine, according to SR 667 norm

LA Coefficient

=——Maximum wear degree

8/16 mm sort

LiDonit 8/16 mm sort

Fig. 4. Values from the wear degree of natural 8/16 mm and LiDonit 8/16 mm sorts obtained with the
Los Angeles type machine and compared with the maximum admissible, according to the SR 667
norm

After mixing all components, before curing, the
obtained samples were first tested form the
workability and density point of view. Table 1
presents the results of workability test. Data for this
type of test shows a variety of results depending on
the LiDonit content. For samples obtained using the
CEM II/A-V type cement, the values for workability
increases with LiDonit content while for the samples
obtained using the CEM I11/A type cement, the values
decrease with LiDonit content increase. LiDonit,

being a porous material, is expected to cause
workability decrease if used in higher quantities thus,
data for samples obtained using CEM III/A type
cement was expected. However, the exceeding of 50-
150 mm required minimum is considered acceptable
and may be attributed to the human error during
sample preparation. The workability test results
indicate that an aggregate replacement with LiDonit
might be feasible at least for the 25-50% of the 8/16
mm aggregate sort.
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Table 1. Results from the workability test for all mixtures
CEM 11/A-V 100% LiDonit | 75% LiDonit | 50% LiDonit | 25% LiDonit | 0% LiDonit | Minimum
from 8/16 sort [from 8/16 sort|from 8/16 sort|from 8/16 sort|from 8/16 sortjrequired [mm]
Wo[rr';an?]"'ty 160 180 160 155 155 50-150
CEM I1I/A 100% LiDonit | 75% LiDonit | 50% LiDonit | 25% LiDonit | 0% LiDonit | Minimum
from 8/16 sort [from 8/16 sort|from 8/16 sort|from 8/16 sort|from 8/16 sortjrequired [mm]
Workability 120 135 145 155 150 50-150
[mm]

As for the density measurements, presented in
Table 2, for the same sample types as for the
workability tests, results show a decrease in density
for almost all samples with higher than 25 % LiDonit
content out of the 8/16 mm aggregate sort. Although
the values are small enough for the samples to be

considered acceptable, the obtained results indicate a
certain increase in volume for the samples with higher
LiDonit content. Again, as for the workability test,
the indicated LiDonit content is also considered
optimum between 25-50% out of the 8/16 mm
aggregate sort, from the density point of view.

Table 2. Density test results for all mixtures

CEM 11/A-V 100% LiDonit| 75% LiDonit | 50% LiDonit | 25% LiDonit | 0% LiDonit | Planned
from 8/16 sort|from 8/16 sort|from 8/16 sort|from 8/16 sort|{from 8/16 sort| [kg/m®]
Fresh concrete 539 2337 2332 2327 2340 2413
[kg/m°3]
Hardened
concrete 2383 2361 2353 2326 2320 2400
[kg/m3]
Difference
between fresh
and hardened -34 -24 -21 1 20 13
concrete
[kg/m?]
CEM I1I/A 100% LiDonit| 75% LiDonit | 50% LiDonit | 25% LiDonit | 0% LiDonit | Planned
from 8/16 sort|from 8/16 sort|from 8/16 sort|from 8/16 sort|from 8/16 sort| [kg/m®]
Fresh concrete) 474 2349 2379 2327 2380 2413
[kg/m?]
Hardened
concrete 2400 2360 2352 2324 2340 2400
[kg/m®]
Difference
between fresh
and hardened -21 -11 27 3 40 13
concrete
[kg/m®]

Hardened samples of concrete, with various
content of LiDonit replacing the aggregate, were
tested for the compression strength (Figures 5 and 6),
after 7 and 28 curing days. This test demonstrated
that aggregate replacement with LiDonit may be
feasible for concrete recipes using some type of
cements. In this case, the samples obtained using
CEM II/A-V type cement registered higher values of
compression strength for all (after 7 or 28 curing
days) LiDonit contents, compared with the samples
obtained using CEM I1I/A type cement. Moreover,

for the samples obtained using the CEM III/A type
cement, after 7 curing days, only the one with 25% of
LiDonit as replacement for the 8/16 mm aggregate
sort, obtained a compression strength value higher
than the minimum required, while the other samples
registered lower values. For the same type of concrete
samples, after 28 curing days, all samples with
LiDonit content registered values lower than the
minimum required. On the other hand, for all samples
obtained using CEM II/A-V type cement, the
compression  strength results were above the
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minimum required with values decreasing with
LiDonit content increase. The value for the
compression strength test closest to the one of the
LiDonit free sample was registered for the 25%

replacement of 8/16 mm aggregate sort, making this
content the preferable one proposed for the samples
using CEM II/A-V type cement.

Compression strength after 7 days

24

22

20

----- #-- CEMIIVA
+—8—CEMIIA

Minimum required

25

Fig. 5. Compressive strength test for all mixtures after 7 days curing
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Fig. 6. Compressive strength test for all mixtures after 28 days curing

Further tests were performed to observe the
possibility of LiDonit utilization as aggregate replacer
namely impermeability and freezing-thaw resistance
tests. Results of these tests are presented in Tables 3-
5. The samples used for these tests were obtained
using only the CEM II/A-V type cement, since
samples using this type of binder behaved within
standard limits for all earlier tests. As for the LiDonit
content, for these two last tests, only a 100% LiDonit
replacement of 8/16 mm aggregate sort and a 100%
gravel out of the 8/16 mm aggregate sort were used.
Again, for both later tests, blocks of 150x150x150
mm  samples were used. Regarding the
impermeability test, results showed a higher water
penetration for the LiDonit containing samples (an

average of 38 mm compared to an average of 21 mm)
yet well within the admissible limit of 100 mm.
Therefore, one can only extrapolate, and will
certainly obtain a smaller value for the samples
containing 25% LiDonit content out of the 8/16 mm
aggregate sort, which was stated to be the preferred
case for the concrete using CEM II/A-V type cement.

From the last test performed we retrieved
different types of data (initial/final mass, initial/final
dimensions, compressive force, section surface,
initial/final density, compression strength, observed
and expected loss in resistance) from which we can
observe small differences between the two samples
analysed. The most important values from this test are
considered to be the ones from the observed and

-20-


https://doi.org/10.35219/mms.2020.1.02

.

FNDEJGF;.
—

&

THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
N°. 1 - 2020, ISSN 2668-4748; e-ISSN 2668-4756
Article DOI: https://doi.org/10.35219/mms.2020.1.02

expected loss in resistance. As expected, this loss in
resistance is infimal for the samples containing 100%
gravel out of the 8/16 mm aggregate sort. Also, a
small difference (3.90% for LiDonit containing
sample, compared to 2.20% for gravel containing

sample) and well below the maximum accepted value
(25%), was obtained for the LiDonit containing
sample. Once again, one can only extrapolate a loss in
resistance value for a sample with less LiDonit

content.

Table 3. Impermeability test results for the most relevant concrete mixtures

Table 4. Results from the freezing-thaw resistance test (50 cycles) for the sample of concrete

CEM II/A-V Sample 1 Sample 2 Sample 3
Samp'e[g]'r?:]ens'ons 150x150x150 | 150x150x150 | 150x150x150
Limit of depth
100% penetration [mm] 100 100 100
LiDonit 8/16 Depth penetration of
mm sort water in sample [mm] 35 38 41
Average of water
penetration in 38
samples [mm]
Sample[:q'nr?]ens'ons 150x150x150 | 150x150x150 | 150x150x150
&ASELZE’.ESQ[% 100 100 100
100% Gravel DE th penetration of
8/16 mm sort pth p o5 21 17
water in sample [mm]
Average of water
penetration in 21
samples [mm]

containing 100% LiDonit from 8/16 mm sort and CEM Il A-V 42,5R type cement

. Sample used in freezing-
Witness sample i
100% LiDonit thaw resistance test
100% L.iDonit
Inltlal[r;]ass Mi 7773 7.743 7.742 7.737
Fma[lg?wass 7.785 7.755 7.729 7.726
'”'“a'[‘:r']”r:]"j‘”s'ons 150/150/150 | 150/150/150 | 150/150/150 | 150/150/150
Final ‘[’r'n”rf]”s'ons 150/150/150 | 150/150/150 | 150/150/150 | 150/150/150
Compressive force 5715 580.5 477.0 479.7
[kN]
Sectlc;n 22500 22500 22500 22500
[mm?]
Initial de?sny 2303 2204 2294 2292
[kg/m?]
Final der;sny 2307 2298 2290 2289
[kg/m7]
Compression strength 23.40 23 21.20 21.32
[MPa] Average result - 23.2 Average result - 21.26
Observed loss in resistance 3.90
[%] '
Expected loss in resistance Maximum allowed — 25
[%6]

-21-



https://doi.org/10.35219/mms.2020.1.02

A

W

GNDE Jogs
T

.

THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
FASCICLE IX. METALLURGY AND MATERIALS SCIENCE

N°. 1 - 2020, ISSN 2668-4748; e-ISSN 2668-4756

Article DOI: https://doi.org/10.35219/mms.2020.1.02

Table 5. Results from the freezing-thaw resistance test (50 cycles) for the sample of concrete

containing 100% gravel from 8/16 mm sort and CEM Il A-V 42,5R type cement

. Sample used in freezing-
Witness sample h :
100% gravel thaw resistance test
100% gravel
'”'t'a'[g‘]ass Mi 7.890 7.850 7.820 7.830
F'”a['ganass 7.920 7.950 7.880 7.885
Initial [%Tnf]’”s'ons 150/150/150 | 150/150/150 | 150/150/150 | 150/150/150
Final ﬂ'n”;rf]”s'ons 150/150/150 | 150/150/150 | 150/150/150 | 150/150/150
Compressive force
o] 585 580.5 585 590

Section 22500 22500 22500 22500
[mm?]

Initial density 2337 2326 2317 2320
[kg/m®]

Final density 2347 2355 2334 2336
[kg/m®]

Compression strength 26.20 25.80 26 26.22

[MPa] Average result - 26 Average result - 26.11

Observed loss in resistance 220
[%0] '
Expected Io[sos/ol]n resistance Maximum allowed — 25

4. Conclusions

Two types of binders were used in this study.
The first (CEM 1l A-V42,5 R) containing 80-94%
Portland clinker and 6-20% thermal power plant fly
ash. The second type (CEM 1II/A 425 N-LN)
containing 36-65% blast furnace granulated slag and
Portland clinker as balance. Tests showed a higher
need for water in case of samples obtained with CEM
I1I/A type cement than the other one, and a higher
value of compression test (approximatively 2-3 MPa)
for CEM 1I/A-V. The two differences, although not
important, are clearly a consequence of using
industrial wastes in binder production.

Further on, replacement, in various degrees
(100%, 75%, 50% and 25%), of 8/16 mm aggregate
sort (out of natural 0/4 mm, 4/8 mm and 8/16 mm
aggregate materials) with LiDonit (a steelmaking by-
product) was realised for multiple tests. Regarding
the granulometric curve for all aggregates, all
mixtures (with or without LiDonit content) fell
between the admissible limits. For all the other tests
(water absorption, water to cement ratio, density,
compression strength, wear resistance and freezing-
thaw resistance), the increase of LiDonit content as

8/16 mm aggregate replacer, resulted in gradually
worsening values for the tested samples.

Although LiDonit presents a higher porosity
than the natural 8/16 mm aggregate, its crystalline
mineralogical content makes it good at impact and
compression tests. Also, its obtaining from crushed
raw slag leads to polyhedral-shaped granules with
sharp edges and corners and many rough faces
(apparently a drawback) which along with a higher
density develops an important property, namely auto
compaction. Thus, although in high amounts the
properties of samples are worsened, we can conclude
that for some concrete types (using CEM II/A-V in
the present study) the replacement of, at least, 8/16
mm aggregate sort is feasible in amounts of 25%.
This percentage of aggregate replacement with
LiDonit and the replacement of 6-20% Portland
clinker, from cement obtaining, with thermal power
plant fly ash, makes this concrete recipe feasible, to
be used at least in foundations works, and more
environmentally friendly.

Further work regarding aggregate replacement
with LiDonit in concrete, might be focused on using
binders containing 100% Portland clinker. Also, other
steel industry by-products might be used as aggregate
replacement and all aggregate dimensions can be
targeted.
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