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ABSTRACT

Concrete with optimum combinations of two minerdimixtures (with ternary binders) can
show better early strengths than concrete with anéhe admixtures only. This can be
considered as a synergy. The synergy is not coadietith the early strength only; this can
even be more important in terms of durability ohceete, especially in terms of frost
resistance. The ternary binders enhance frostaesis in comparison with binary binders.

The paper shows a development of ternary bindens fily ash and limestone or from
ground granulated blast furnace slag and limestGoacrete elements are designed from the
concrete with ternary binders instead of the cdeongth Portland cement only and they are
produced in different concrete plants in the CzZRepublic. Their use is evaluated from the
point of view of Life Cycle Assessment.
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INTRODUCTION

Ternary binders. The sustainability of concrete and concrete strestis also affected by

the reduction of the amount of consumed cement theduse of mineral admixtures,

especially waste materials. Usually, concretes witheral admixtures show some worse
properties than those with Portland cement only.

A beneficial effect of ternary binders was a numbfetimes reported, especially for pastes
and mortars, for example — Carrasco M.F. et al @Q0®adanoiu, A. et al. (2006), Kadri, et

al. (2010). These authors especially print outghéi early strength of mixtures with ternary

binders (CEM | + GGBFS + L). All of them explainithphenomenon by 1) a better

(quicker) hydration of especially calcium alumasilie phases and 2) grains of admixtures
acting as nuclei for the precipitation of hydratiproducts. Also the third reason can be
important — the better grading curve of fine masdsi and a better filling of space between
fine grains of cement and admixtures.
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A very detailed study of an influence of ternargders on the hydration of Portland cement
was performed by De Weerdt, K., Kjellsen, K.O. le{2011) and De Weerdt, K., Ben Haha
M. et al.(2011). In accordance to their conclusjahe addition of limestone to portland

cement promotes the formation of calcium alumirngtdrates but these reactions are limited
due to the limited aluminate content in clinker.t Bupplementary cementitious materials —
for example fly ash — can provide additional alumias and amplify the benefitial effect of

limestone. The real synergy occurs in the ternégds.

Bilek (2012) shows that the synergy effect can dledound in the case of concrete — not
only mortars. But in accordance to these papersesoore important properties than early
strength are recorded — a better frost resistanceé a lower risk to alkali-silica reaction.
These properties make ternary binders very conmeffide concrete technology. Concretes
with ternary binders can replace former concreteth@y are designed for the production of
new elements.

Life Cycle AssessmentThe life cycle assessment (LCA) methodology is t@native
assessment method. It includes several steps ogv@) definition of the goal and scope,

(b) inventory analysis, (c) impact assessment dhah{erpretation of results. These particular
steps are in a state of mutual interaction. LCAhods and models should take into account
all important environmental impacts within the wdfe cycle (“from cradle to grave") of a
concrete product (element, structure, etc.) The@ypife cycle of a concrete product should
cover all life stages, from raw material acquisitithrough construction and operation, up to
demolition and reuse of the materials or wasteasiapHajek, P., FialaC., Kyrclova, M.
2011, Hajek, Fiala, Kytlova, 2012)

All the material and energy flows (inputs and otspiare balanced and quantified - i.e.
consumption of raw materials, products and by-pct&luauxiliary materials, energy, water
and transport, emissions, by-products and waste franufacturing processes. On the basis
of the LCA some environmental indicators: primanergy consumption, global warming
potential, raw materials consumption, water congionp photochemical ozone creation
potential, acidification potential etc. are spexifi Only the first two of them are presented
and discussed in this paper.

Case studiesThis paper deals with three different case studigbe use of concrete with
ternary binders

Firstly, LCA is applied to the production of thexconcrete elements in the same concrete
plant. This means that only the effect of utilieatof ternary binders is evaluated. Concrete
is considered to havo the same strength classhanghine workability.

Secondly, the production of special concrete elémeronsole platform block — was moved
from the concrete plant D to concrete plant N. l#g¢ same time, the concrete with ternary
binder was designed for concrete plant N. And vehatore — concrete in D was dry while
the new concrete in N is designed as self compaatoncrete. LCA evaluated if it was

better to transport concrete from D to building 250 km) or if it is better to produce these
elements in N (distance from building site is 50 km

Thirstly, a new element — a thin balcony railingas designed from High performance fiber
reinforced self comcpacting concrete (HPFRSCC)gusemnary binder. LCA evaluates the
effect of this change.



CASE STUDY 1 - EXCHANGE OF CONCRETE

Composition of former concrete and newly designaacoete with ternary binder are shown

in Table 1.

Table 1. Composition of original and new-designedoricrete

V1 original V2 new
CEM 1 42.5 R Mokra 450 340
Fly ash 0 85
Ground limestone 0 30
water 180 180
mix of aggregates 1750 1720

The newly designed concrete is a result of optitiwsaof the composition. Some results of
the optimisation of new mixture can be seen in Feduand Figure 2.
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Figure 1. Workability and compressive strength of eference concrete, concretes
with one admixture and concrete with ternary bindess (see Table 1)
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Figure 2. Frost resistance of reference concretegicretes with one admixture
and concrete with ternary binders (see Table 1)

The figures show workabilities and compressivengjties for original concrete, original
concrete with substitution of 25% of cement withdkh, with mixture fly ash and limestone



and with ground limestone. The newly designed aetecshows the best workability from all
the discussed concretes and also the highest stidpgth except the concrete without
admixtures. Very important is the comparison ogfn@sistance of the concretes in terms of
frost-resistance (F-R) index — it means rdiemding strength of frosted beams / bending
strength of reference beams. The frost resistance of concrete with 25% ofaféh is very low,
while the frost resistance of concrete with ternayture is excellent, see also Bilek (2012)
and Bilek (2013). All of the presented results shbat concrete with ternary binder is an
optimum choice from the point of view of mechanipabperties (and also economy). The
results of LCA are presented in figure 3 and 4 énms of primary raw materials
consumption and global warming potential.
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Figure 3. LCA of reference concrete and concrete Wi ternary binder (see
Table 1) from point of view of primary raw materials consumption
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Figure 4. LCA of reference concrete and concrete Wi ternary binder (see
Table 1) from point of view of global warming potetial

It can be seen that the use of concrete with tgrberders brings benefit in both of these
properties. This is a result of especially Portlaathent dosage reduction.



CASE STUDY 2 - EXCHANGE OF CONCRETE AND CONCRETE PLANT

In this case the old — original — concrete with veer workability was replaced by self
compacting concrete containing ternary binder —ia of ground granulated blast furnace
slag (GGBFS) and ground limestone (L). The commmsibf the original concrete and the
newly designed concrete with a ternary binder &i@ve in Table 2, together with the
transport distance for raw materials and for camcetements — it means, for example,
distances of concrete plants from cement plant istaces of concrete plants from
guarries... The total amount of 200 elements was ittered.

Table 2. Composition of original and new-designedonicrete for case 2

V 1 (original) V 2 -new
material dist. material dist.
[ka] [km] [ka] [km]
CEM 142.5 R Mokra 390 50 360 250
GGBFS (380 rfikg) 0 - 130 300
Ground limestone (280ftkg) 0 - 130 200
water 150 195
mix of aggregates 1750 30 1455 15
workability 20-30sVeBe cone flow 650 mm
Distance from site place 300 km 50 km
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Figure 5. Workability and compressive strength of oncretes with one
admixture and concrete with ternary binders (see Thle 2)

As in the previous case, the technological and m@eichl properties of concretes with
ternary binders are better than those of concréte mnary binders — Figure 5. The frost
resistance of concrete with ternary binder is dgoélthe F-R index is 94%). In contrary to
the original concrete, which had bad workabilitye hew concrete is self compacting which
means better working conditions for workers and al$owering of human work. Apart from

this, also LCA environmental indicators are betisee Figures 6 and 7.
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Figure 6. LCA of reference concrete and concrete Wi ternary binder (see
Table 2) from point of view of primary energy consunption

Both of the indicators — primary energy consumptiol global warming potential - show,
that these two concretes are nearly equivalent.difference is especially in transport. The
distances from the cement plant and from the admestsuppliers are higher from concrete
plant N (V2) than D (V1), but distance from N tethuilding site is lower than from D. The
lowering of transport distance of concrete elemshtsvs ecological benefits.
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Figure 6. LCA of reference concrete and concrete Wi ternary binder (see
Table 2) from point of view of global warming potetial

CASE STUDY 3 — MODIFICATION OF THE SHAPE OF THE ELE MENT
AND USE OF HIGH PERFORMANCE CONCRETE

One of commonly made concrete elements is balcaitigg. These railing s were originally
made from usual concrete (C 25/30 up to C35/45¢.ralling depth was 80 mm and the



mass of one element was 900 kg. A new shape wignees— the depth of railing is only 40

mm, while the depth around the circumference iseiased by 100 mm. The traditional

reinforcement is replaced by polymer fibers (onlgumd the circumference are steel bars).
Self compacting fibre reinforced concrete C 60/4thwernary binder is used for the new

barriers production — see Table 3. The distancekeduilding site are the distances to the
nearest big city where the elements are delivelteis supposed that 40 elements are
transported to the building site.

Table 3. Composition of original and new-designedoncrete for case 2

Vi V2 V3
C 35/45| dist. C 60/75| dist. C60/75 | dist.
kg km kg km kg km

CEM | 42.5 R Mokra 420 50 465 60 440 250
Metakaoline 0 35 200 35 150
GGBFS 380 r?ng 0 150 200 100 300
Stone filler 250 70 50 80 -
Ground limestone 0 0 130 200
water 190 215 215
Mix of aggregates 1460 30 1440 10 1450 15
fibres 0 2.5 2.5
Mass of steel reinfor. 55 kg 12 kg 12 kg
Distance to site place 60 km 80 km 35 km

Both of HPFRSCC show a good workability, which i$eeted by metakaoline. This
admixture is added not for their pozzolana activityt for the beneficial effect on
workability and also on frost resistance (bettemtimicrosilica). Compressive strengths of
both the concretes at the age of 28 days are @fPa. Figure 7 shows production of the
railings and Figure 7 and Figure 8 show some LCAIlts are presented.

Figure 7. Production of balcony railings from HPFRSC with ternary binders
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Figure 8. LCA of reference concrete and HPFRSCC wiit ternary binder
(see Table 3) from point of view of primary energyconsumption
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Figure 9. LCA of reference concrete and HPFRSCC wiit ternary binder
(see Table 3) from point of view of global warmingpotential

A cement dosage reduction and a reduction of mhsgeel bars have the most significant
effect on both of the discussed parameters. Alsatridnsport of light elements is better —
nearly twice more elements can be transported encan.

CONCLUSION

The concretes with ternary binders were found asntbst optimum choice of sustainable
concrete. In comparison with concrete with binairydiers (with only one admixture) they
show better workability, better early and good kiimge strengths, good frost resistance and
also a lower risk of alkali-silica reaction (Bilekal., 2012).



The presented case studies show an effect of tmgeum concrete with ternary binders on
the sustainable development of concrete structu@A.shows that there can be found some
benefits from the point of view of primary energynsumption and global warming potential

as well as from the point of view of raw materiattnsumption and other environmental
impacts which weren’t discussed here. Especialtydbsign of high performance concrete
with this type of binder can bring a huge positeect. The LCA also shows some

importance of concerning distances of concretetpl&nom the building site and from the

producers of cement and admixtures.
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