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Abstract

The durability of concrete made with ternary cements containing Portland cement (OPC), blast-
furnace slag (S) or fly ash (FA) and limestone filler (L) has been investigated according to a
comparative approach to assess the suitability for use of these composite cements for concrete.
Eight blended cements of different proportions of OPC (from 45% to 65%), S and FA (from 10%
to 30%) and L (from 5% to 35%) were selected and compared with five reference cements (CEM
| 52.5 R HES, CEM I1/B-M (L-S) 32.5 R, CEM 1I/B-M (LL-S-V) 32.5 N, CEM II/B-V 32.5 R
and CEM I11/A 42.5 N LA). Two types of mixes were produced using constant water to cement
(w/c) ratios of 0.45 and 0.55 and cement contents of 340 kg/m3 and 300 kg/m3 respectively.
Carbonation, freeze-thaw with de-icing salts, chloride diffusion and sulfate attack tests were
carried out on concretes and mortars. The results indicate that a high content of slag and fly ash
reduces chloride diffusion and sulfate attack. Resistance to carbonation and freeze-thaw decreases
with limestone filler content. Ternary cements containing slag seem overall to give a better
concrete durability than those containing fly ash.

1. Introduction

The development of alternative binders such as binary and especially ternary cements has rapidly
increased these past decades. Blast-furnace slag (S) and fly ash (FA) are by-products commonly
used as supplementary cementitious materials (SCMs). In Belgium, the production of these by-
products tends to decrease while limestone filler (L) is abundantly available.

Several studies investigated the synergetic action of these SCMs [1-5]. It has been found that a
small dosage of limestone filler could have a beneficial effect on the early age properties of
concrete, while fly ash and blast-furnace slag contribute to the long-term mechanical properties
as pozzolanic reaction rate is slower than hydration of Portland cement (OPC). These antagonist
properties make these ternary mixes particularly interesting. These SCMs are also favourable to
sulfate resistance [6] but have a negative effect on carbonation [7]. Some effects of ternary
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cements on concrete durability are not thoroughly investigated yet, namely frost with de-icing
salts resistance [8]. The European standard EN 197-1 [9] includes requirements for cements for
use in concrete. Questions arise as to whether these requirements are sufficient to use these
cements in all applications. The aim of this study is to evaluate the performance of concrete made
with newly developed ternary cements OPC-S-L and OPC-FA-L, according to a comparative
approach to assess their suitability for use for concrete. This approach is based on the
determination of the performance equivalence of concretes made with these ternary cements
compared to reference concretes made with industrial cements, which satisfy the requirements of
standard EN 197-1. This paper focuses on the durability properties of these concretes.
Carbonation, freeze-thaw with de-icing salts, chloride diffusion and sulfate attack tests were
carried out on concretes and mortars. Two methods (EN 12390-11 and NT Build 443) were used
and compared for the chloride diffusion test. Fresh and mechanical properties of these concretes
are the subject of a companion paper by the same authors [10].

2. Experimental program

2.1 Materials

Composite cements were prepared by mixing CEM 152.5 R HES (OPC), ground granulated blast-
furnace slag (S), fly ash (FA) and limestone filler (L). As a set regulator, gypsum had been added
with a concentration to obtain a total sulfate content of 3%. Chemical and mineralogical
characterization showed that the studied SCMs meet all the requirements from standard EN 197-
1, regarding the properties of the cement constituents. Slag contains more than 60% by mass of
Ca0, MgO and SiO- and the ratio (CaO+ MgO)/SiO- is above 1. Fly ash is characterized by a
low loss on ignition (category A), a CaO content below 10% and a SiO. content above 25%.
Limestone filler contains 100% of calcite. The clay content is inferior to 1.2 g/100 g filler and the
total organic content (TOC) is inferior to 0.5%.

Then the physical, chemical and mechanical properties of the ternary cements, with different
proportions of Portland cement (OPC between 45 and 65%), blast-furnace slag or fly ash (S or
FA between 10 and 30%) and limestone filler (L between 5 and 35%), were determined. Two
series had been conducted. In series 1, ternary blended cements with slag (OPC-S-L) were
studied, with reference cements CEM | 52.5 R HES, CEM I1/B-M (L-S) 32.5 R and CEM lII/A
42.5N LA. In series 2, ternary cements with fly ash (OPC-FA-L) were investigated with reference
cements CEM | 52.5 R HES, CEM I1/B-M (LL-S-V) 32.5 N and CEM I1/B-V 32.5 R. For the
sulfate attack test, a high sulfate resistant cement has also been tested: CEM 1 52.5 R LA — SR 3.
Nearly all the ternary cements meet the requirements from the standard EN 197-1, regarding the
compressive strength, initial setting time and soundness. Eight cements compositions have been
chosen and are presented in Tab. 1. The results show that ternary OPC-S-L cements reach higher
compressive strength classes than OPC-FA-L cements.

2.2 Concrete mixes

Two types of concrete have been chosen, named T(0.45) and T(0.55). The cement content, w/c
ratio and the desired slump are 340 kg/mé3, 0.45, 120 + 30 mm and 300 kg/m3, 0.55, 180 + 30 mm
respectively for the two types. The fine aggregates consist of sea sand and rolled sand. The coarse
aggregates consist of crushed limestone with a maximum nominal size of 20 mm.
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Table 1: Composition (% by mass), Blaine surface and compressive strength class for cements of
series 1 (OPC-S-L) and series 2 (OPC-FA-L).
OPC S FA L Blaine Strength
(%) (%) (%) (%) surface class
(cm#kg)  (mortar)

Series 1 (OPC-S-L)

CEM 152.5 R HES (batch 1) 100 0 0 0 4780 92.5R
CEM II/B-M (L-S) 32.5R 74 12 0 14 3737 325R
CEM I1II/A 425N LA 59 41 0 4591 425N
CEM 1 [650PC 30S 5L] 65 30 - 5 4770 525N
CEM 3 [450PC 30S 25L] 45 30 - 25 4630 425N
CEM 6 [500PC 20S 30L] 50 20 - 30 4430 425N
CEM 10 [550PC 10S 35L] 55 10 - 35 4260 425R
Series 2 (OPC-FA-L)

CEM 152.5 R HES (batch 2) 100 0 0 4930 952.5R
CEM II/B-M (LL-S-V) 325N 71 7 9 13 3360 325N
CEM II/B-V 325R 78 0 22 0 2960 325R
CEM 1 [650PC 30FA 5L] 65 - 30 5 4110 525N
CEM 3 [450PC 30FA 25L] 45 - 30 25 4120 -
CEM 6 [500PC 20FA 30L] 50 - 20 30 4230 325R
CEM 10 [550PC 10FA 35L] 55 - 10 35 4440 325R

The concrete mixes have been formulated so that the grading curve follows the limits specified
in the standard EN 480-1 [11], as shown in Fig. 1. There exists a slight difference between the
two series: series 2 contains more fines below 0.5 um. A polycarboxylic-ether superplasticiser
has been used. The dosage has been adjusted to reach the desired slump. The water absorbed by
the aggregates and supplied by the superplasticiser have been taken into account in the mixing
water. The mix proportions are detailed in Tab. 2.

The concrete samples are conserved during 24h at a temperature of 20 + 2°C. After removal, the
specimens are placed in water at the same temperature for curing. For the durability tests, a water
curing period of 91 days has been chosen to provide ideal hydration conditions for these cements.
Indeed, a good curing is important for these composite cements as highlighted by several authors
[8, 12—14]. For sulfate attack test, standard mortars (EN 196-1 [15]) were cured in water during
28 days.

2.3 Testing methods
Accelerated carbonation tests were carried out following standard EN 13295 [16] on three
prismatic samples of 10 cm x 10 cm 40 cm in size, for the two types of concretes. After curing,
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the samples were conserved in a climatic chamber during 14 days until constant mass. Then they
were transferred in the carbonation chamber with a CO> content of 1% at a temperature of 20 £
2°C and relative humidity of 60 £ 10%. The carbonation depth was measured with a
phenolphthalein solution at 7, 14, 28, 56 and 91 days of carbonation.

The resistance of freeze-thaw cycles with de-icing salts was measured according to EN 12390-9
(slab test) [17] on T(0.45) concretes. Four cylindrical samples of 113 mm x 50 mm were cored
after curing. They were conserved in a climatic chamber during 14 days and then prepared with
resin. They were subjected to 56 cycles of freeze-thaw with a solution of NaCl (1 cycle lasts 24h).
The loss of material at the surface was collected and weighted after oven-drying at 105°C, at 7,
14, 28, 42 and 56 days.

Chloride diffusion test was carried out according to EN 12390-11 [18] and NT BUILD 443 [19]
on T(0.45) concretes. Three cylindrical samples of 100 mm x 70 mm were cored after curing,
then saturated in water under vacuum and then immersed in a solution of Ca(OH). (EN method)
or directly saturated and immersed in a Ca(OH) solution (NT method). The samples were then
immerged in a NaCl solution with a concentration of 30 g/l during 91 days (EN method) or with
a concentration of 165 g/l during 35 days (NT method). Samples are taken at different depths (x)
to measure the chloride concentration (C(x,t) and initial content Ci). The diffusion coefficient
(Dnss) is then calculated from the chloride concentration profile, according to the following Eqg.
(1), by least-squares method:

)

Sulfate attacks were carried out on mortar samples of 2 cm x 2 cm x 16 cm in size at a temperature
of 20°C, according to CUR 48 [20]. Three prisms were immerged in a sulfate solution (16 g/I
SO4) and three others were placed in water, as control specimens. The length variation is
measured and compared with the control specimens, during 365 days.
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Figure 1: Grading curves for concretes (series 1 and 2) and the limits of standard EN 480-1.
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Table 2: Concrete mix proportions (kg/m?) for series 1 (OPC-S-L) and series 2 (OPC-FA-L).

Series 1 (OPC-S-L) Series 2 (OPC-FA-L)
T(0.45)  T(0.55) T(0.45)  T(0.55)

Cement 340 300 340 300
Fine aggregates (sea sand and rolled sand) 0/5 703 705 - -
Fine aggregates (rolled sand) 0/4 - - 739 742
Coarse aggregates (crushed limestone) 4/20 1198 1201 1146 1149
Superplasticiser” (%) 0.15-08 02-025 07-2 06-13
Mixing water 161 173 160 172

“The superplasticiser dosage (% by mass cement) was adjusted to reach the desired slump.

2.4 Comparative approach

The evaluation of performance of concrete made with these new ternary cements OPC-S-L and
OPC-FA-L consists in a comparative approach inspired by the methodology from Belgian
standard NBN B 15-100 [21]. All the results are compared with the ones obtained on reference
concretes, with a weighting factor of 20% or 40%. For series 1, the reference could be either
concrete made with CEM 152.5 R HES or with CEM 111/A 42.5 N LA. For series 2, the reference
is CEM 1 52.5 R HES. The criteria are indicated by a red line in the graphs.

3. Results and discussion

The fresh and mechanical properties are presented in the companion paper [10]. The compressive
strengths of OPC-S-L cements are higher than OPC-FA-L cements, which has already been
observed on mortars (strength class in Tab. 1).

3.1 Carbonation

The results of the carbonation depths of T(0.55) concretes are presented in Fig. 2 for series 1 and
Fig. 3 for series 2. The results of T(0.45) concretes are lower, as wi/c ratio is lower and cement
content is higher, but the trends are similar.

The comparative approach requires that at 56 days, the carbonation depth (d) should be inferior
or equals to 1.2 times the depth of the reference concrete: dsg < 1.2 dsg rer. FOr series 1, at 56
days, the reference concrete made with CEM I11/A 42.5 N LA has a carbonation depth of 6.5 mm.
Only the CEM 1 [650PC 30S 5L] concrete, with the highest clinker content and the lowest
limestone filler content, meets the criterion of 6.5 x 1.2 = 7.8 mm. For series 2, no OPC-FA-L
cement satisfies the criterion as CEM | 52.5 R HES concrete shows a high resistance to CO>
penetration. The difference for concretes with the same reference cement CEM 1 52.5 R HES
could be due to the difference in the grading curve (see Fig. 1).

Carbonation resistance decreases with decreasing clinker content and increasing limestone filler
content. Indeed, carbon dioxide present in the atmosphere reacts with cement hydration products
such as portlandite Ca(OH)2, which buffers the pH. The quantity of portlandite in blast-furnace
slag or fly ash concrete is significantly reduced due to pozzolanic reaction and lower clinker
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content [5, 12, 14]. Limestone filler worsens the carbonation resistance, which has also been
observed by Courard and Michel. They found that the “open” porosity increases with limestone
filler content [5]. When comparing the two series, ternary OPC-S-L cements present a higher
resistance to carbonation than OPC-FA-L cements. The presence of slag seems to give a denser
material than fly ash, as it has pozzolanic as well as hydraulic properties [3].

3.2 Freeze-thaw with de-icing salts

The results of cumulated loss of materials of T(0.45) concretes are presented in Fig. 4 for series
1 and in Fig. 5 for series 2. For series 1, results of concretes with cements CEM 1, CEM 3 and
CEM 6 have been withdrawn due to incoherent results.

The comparative approach requires that at 28 cycles, the cumulated loss of material (S) should be
inferior or equals to 1.2 times the one of the reference concrete: S,g < 1.2 Spg rer. At 28 days,
concrete reference CEM 1 52.5 R HES has a cumulated loss materials of 1.1 kg/m? for both series.
In series 1, CEM 10 [550PC 10S 35L] concrete is just above the criteria (1.1 x 1.2 = 1.32 kg/m?)
but it performs better than the reference concrete CEM 11/B-M (L-S) 32.5 R. In series 2, no OPC-
FA-L concrete satisfies the criteria but CEM 1 [650PC 30FA 5L] concrete performs slightly
better than reference concrete CEM I1/B-M (LL-S-V) 32.5 N.

The criteria at 28 days appears to discriminate against concrete containing slag, as pointed out by
Chidiac and Panesar [8]. Indeed, after 56 freeze-thaw cycles, CEM 10 [550PC 10S 35L] concrete
resists better than CEM | 52.5 R HES concrete. In series 1, it is difficult to report trends as only
four different cements have been tested. In series 2, the scaling resistance seems to be reduced
with increasing limestone filler content. CEM 1 [650PC 30FA 5L] concrete presents a better
resistance than CEM 11/B-M (L-S) 32.5 R, which contains 13% of limestone filler. CEM 10
[550PC 10FA 35L] concrete shows the worst performance, with a cumulated material loss of
over 15 kg/m? after 56 cycles. When comparing series 1 and 2, concretes made with OPC-FA-L
cements seem to have more scaling damage than OPC-S-L cements. For binary slag cements,
several authors indicated that an adequate entrained air void system could prevent such freezing
and thawing attack [12, 14, 22].

3.3 Chloride diffusion

The diffusion coefficients obtained for T(0.45) concretes are presented in Fig. 6 and Fig. 7 for
series 1 and series 2 respectively. Two different test methods have been compared for OPC-S-L
cements: EN 12390-11 and NT BUILD 443.

The comparative approach requires that the diffusion coefficient (Dnss) should be inferior or
equals to 1.4 times the one of the reference concrete: D, < 1.4 D, In series 1, concrete
reference CEM | 52.5 R HES has a diffusion coefficient of 9.85 101 m2/s with the European
method, which gives a criteria of 13.8 1012 m2/s. All concretes made with OPC-S-L cements,
except the CEM 10 [550PC 10S 35L], satisfy the requirement. This is also observed for the NT
BUILD method, with a criteria of 9.5 1012 m?/s. For series 2 (OPC-FA-L), CEM 10 [550PC
10FA 35L] concrete does not satisfy the criterion either. The difference observed between CEM
I 52.5 R HES concretes of the two series could be due to the difference in the concrete grading
curve, as seen in Fig. 1. Series 2 concretes contain more fines, which could lead to a denser
material and thus the diffusion could be more hindered.

In series 1, the resistance to chloride penetration seems to be improved by the presence of slag,
while the presence of limestone filler seems to not have an influence on it. CEM 11I/A 42.5 N LA
[590PC 41S], CEM 1 [650PC 30S 5L] and CEM 3 [450PC 30S 25L] concretes show low
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diffusion coefficients compared to CEM 1 52.5 R HES concrete. This positive effect of slag
compared to clinker is explained by a higher chloride binding capacity with formation of Friedel’s
salts [23]. Besides, the C-S-H produced by reaction of slag and characterized by a lower Ca/Si
ratio have a higher chloride adsorption [12, 22]. Kayali et al. [23] have also highlighted the role
of hydrotalcite, a significant hydration product of slag blends, in chloride binding. In series 2, the
presence of fly ash also seems to have a beneficial effect against chloride penetration. CEM I1/B-
V 32.5 R [780PC 22FA], CEM 1 [650PC 30FA 5L], CEM 3 [450PC 30FA 25L] and CEM 6
[500PC 20FA 30L] concretes show a better resistance to chloride penetration than CEM | 52.5
R HES concrete. This is also due to a higher chloride binding capacity of fly ash compared to
Portland cement [24]. When comparing OPC-S-L and OPC-FA-L cements according to the
European standard, it seems that fly ash performs better than slag regarding resistance to chloride
diffusion, which is in contradictory of what Ytterdal [24] found. But Ytterdal compared mortars
with 30% replacement of fly ash and mortars with 50% replacement of blast-furnace slag. When
comparing the two test methods, EN 12390-11 gives significantly higher values, which could be
due to the different procedure test (saturation under vacuum and immersion during 91 days). The
standard deviations are particularly higher too for this method. It is thus always important to
consider the test method while discussing about diffusion coefficients.

3.4 Sulfate attack

The results of the linear expansion of mortars immersed in a sulfate solution for one year are
presented in Fig. 8 and Fig. 9 for series 1 and series 2 respectively. In the latter, a sulfate resistant
cement CEM 152.5 R LA — SR 3 has also been tested.

The comparative approach requires that the linear variation (L) at 365 days should be inferior or
equals to 1.2 times the one of the reference mortar: Lass < 1.2 Lags ref OF that Lass < 0.05%. In series
1, mortars made with CEM I1I/A 42.5 N LA [590PC 41S], CEM 1 [650PC 30S 5L], CEM 3
[450PC 30S 25L] and CEM 6 [500PC 20S 30L] present a linear deformation inferior to 0.02%.
This beneficial effect of slag on sulfate resistance is due to lower content of tricalcium aluminate
CsA, which is the main expansive reactive material [5, 12], and due to the low aluminum content
of slag [12, 14]. Besides, Courard and Michel [5] noticed that the sulfate resistance of mixtures
containing slag was not influenced by limestone fillers, contrary to Portland cement mixtures, for
which the relative deformation increases with limestone filler content, up to 15%. Hossack and
Thomas [6] observed that limestone content in combination with fly ash or slag had little to no
effect on sulfate resistance. In series 2, it appears that the mortar made with CEM 1525 R LA —
SR 3 performs better than the CEM | 52.5 R HES but shows an expansion of about 1% after one
year. Again, mortars made with CEM I1/B-V 32.5 R [780PC 22FA], CEM 1 [650PC 30FA 5L],
CEM 3 [450PC 30FA 25L] and CEM 6 [500PC 20FA 30L] present a linear deformation inferior
or equals to 0.1%. When comparing the two series, it seems that fly ash is even more favourable
to resistance to sulfate attack than blast-furnace slag. This has also been observed by Hossack and
Thomas [6]. They found that the intensity of ettringite peaks was greater in fly ash mortar bars
than slag mortar bars, which may indicate a lower permeability and thus a less resistance to
sulfate. The risk of thaumasite formation for sulfate attacks at 5°C on OPC-S-L cements has been
previously discussed by Rondeux et al. [25]. The beneficial effect of slag to prevent damage due
to sulfate attacks at low temperature has not been observed for OPC-FA-L cements.



International RILEM Conference on Materials, Systems and Structures in Civil Engineering

Conference segment on Concrete with SCM’s
22-24 August 2016, Technical University of Denmark, Lyngby, Denmark

'STH I §°7S TINTD 0UIJa1 I /3N 7' :SABp §T 18 BLIAI)
— (T-VI-0d0O) T $2112s $21210002 (S§°0).L JOI [BLIIBUI JO SSO pale[uuny) ;S 2MI1I  — (T-S-Dd0) T SIS $21210U02 (SH°()L JOI [RLIAEW JO $SO[ PAle[un)) f 2m3ry

S31240 MEN[)-IZIAIJ JO JIqUINN
9¢ 6t [ag e 8T Iz rl

[15€ V40T DdOSE] 0T WaD—+
[10€ v40Z DdO0s] 9 WD —— ]
[157 vA0€ DdOst] € WAD

['16 vA0E Dd0£9] 1 WHD I

A §°TE A/ WHD =v—

N ¢7¢ (A-S-TTD) W-E/I1 WD —=— ]
SAH A S'ZT6 1 WD ——

= = S = B

[=1

(/33 [el1a)ew Jo ssof pajenumin))

[
—

—+
—_

K=l
—

31
"STH I §TS TINTD 20URIT1 T W £8°T :$Kep 96

9¢

'STH M §'TS T INTD 29U13J21 I /Y Z¢°T :sKBp §T 18 BRI

$a[24> MET}-2Z22T] Jo Jaquiny
6¥ ir € 8T k4 ¥l

L

=]

—

[ ]

[aa

-+

[TS€ 80T DdOSE] 0T WAD—+—
VI N & T VI IO —v=—

¥ $°T€ (8- W-e/11 IWHD —m—
SHH ¥ §'2S I WHD —e—

I
wy

(;u1/8Y) [eLId)RW JO SSO] pIje[nuin))

9
VN §'Th V/IIT NGO 20U21J21 [IM Wt g7/, :SKep 9§

18RI — (T-VI-DdO) T S2U3s $2)210103 (§§°0) L 107 syudap uoneuoqie)) :¢ amsry 18 UL — (T-§-0dO) T SIM2S $31210103 (§5°0) L I0J stpdap woneuoqie)) ;g amsry

6 ¥8 LL

0L

(s&ep) ammy aansodxy
€9 9¢ 6F TP St BT I ¥lI L 1}

e N T Mo

b T
—— \Swm VA0L DdOSST 0L WHD——

[T0€ V40T Dd00E] 9 WID—+—

-
—_— - -

b=

N g
(ww) pdap uopgeuogae))

[15Z v10€ DdoOsy] € WaD
[15 v40€ Ddsal 1 W4D

oo
—_

A ST A/ INHD -
N §T€ (A-S-TD W-e/11 WD -=-

=
(o]

SHH Y €T TIWHD »—

o
ol

16

(s&ep) amm ansodxyy

LL 0L 9 9¢ eoF TP St BT 1T ¥vI L 0

o
m
M-
y =
=
\\\.\\\w\\ ug
[ISESDT DdOSST 0T WHD—— | #1 =
— [T0€ S0Z 2d00E] 9 WAD —e— 3
[157 s0€ DdOsK] € WD n9rg
[T¢ S0€ D09l T WHD e~
VIN §Th VI INAD -
ST (S-DW-TITINID u- 1 gz
SAH Y S TC I INAD »- -



International RILEM Conference on Materials, Systems and Structures in Civil Engineering

Conference segment on Concrete with SCM’s
22-24 August 2016, Technical University of Denmark, Lyngby, Denmark

0st

0ot

'%450°0 :SABp
$9¢ 18 BRI — (T-A-DdO) T $21I28 211 JO SIRLIOW JO UONRULIOIAp 18Ul |6 231

(sAep) sy aansodxy

0sT

00T

0s1 001 0¢ 0

— =

8

1||+\\

==
«q.\._ﬂ..am .

2

[T€¢ V0T DdOss] 01 WAD ——

[10€ w10z Dd0O0s] 9 WD ——
1627 va0£ Ddost] € WaD

['18 vA0€ DdOSY] T WHO
A T8 AT WHD - =~
N §Z€ (A-S-TT) W-4/1T WD -= -

VIASHY STEIWAD -+
SO Y STETWAD -+~

[15€ V01

[0 w0z

'STH ¥ §'TS TNED 20UI2T [HM S/ £ 0] 96 “BHRIT)
— (SIUW2) T-VA-Dd0) T SATIAS $21210U0D (§§°0) L 107 JUSIIITA0D UOTSIIIN(T :/ 2MmS1]

[152 w08

[15 vdog

usTe NETE SHH

2d0g5] 01 WED 2d00s] 9 WED 2dOst] € WD Id0s9] 1 IWHD  AIIINED  W-@/LIWNED ¥ 58 LNED

[ 11-06£21 NT - (T-¥1-0d0) T souesa |

¥o

e « e = 2
- - o <° <
(24) nonewIO AP JEIUT]

S
o]

¥e

CI

0t

ST

(S/,1 TE-Q) SSU( JUSIOYFI0D WOISTIII(

(sAep) awpy dansodxyy

002 001

26500

'SABD GO¢ 1B BRI — (T-S-DdO) T S31I2s STLLIONT JO UOTETILIONAD Ieaur (g am3r]

0

S0°0

[1S€ S0T DdOss] o1 IWZD ——
[T0€ S0Z 2d00S] 9 WD ——

[162 S0 Ddosk] £ WD
[1¢ so€ 0dOS$9] 1 WD
VINSTH VTN -+ -

W 6TE (8- W-/I1 WD -m -
SIH U STS I INHD - -

"SHH Y §'TS TINAD 22u21Ja1 s (IN) /W 10T §°6 PUe (NF) s/

8°€lL

[1s¢

[T0g

152

s

S01 DdOss]  S0T 2d00s]  S0¢ DdOst]  S0EDd0OS9]  VINSTE  MeTels T SHH
01 WD 9WID £ WA TWID  WAITWID  W-TTNAD W $T8 1D
e Sy =" el Eusu® !
S Sy =" ) Busu® !
oy ) =" aal e !
S Sy =" " Busu® !
o B ] o
s e ]
e T ] o
o T
i +
e’
o

£t @TINE 1IN - (1-8-2d0) [ SPURS A
11-06£T1 NA - (1-S-0d0) [ seues @

< =
s <9

=+
=]

2 *
(n/JnogsuC’ndxa Jeaury

2
—

0C

¥'T
a-01 8¢l

B — (T-S-2d0) [ SIS $J210002 (§°0) L 10F JUIIDIIFR02 UOISIIJ 9 2MmS1]

=] Wy [=] wy =
1 — —

(57,01 Z[-01) SSU( JUIDLEJA0D HOTSTFI(T

Wy
(]



International RILEM Conference on Materials, Systems and Structures in Civil Engineering
Conference segment on Concrete with SCM’s
22-24 August 2016, Technical University of Denmark, Lyngby, Denmark

4. Conclusions

The effects of ternary cements made with blast-furnace slag or fly ash (with a content up to
30%) and limestone filler (with a content up to 35%), on the durability of concretes were
investigated. The following conclusions, for the tests conditions and materials of this research,
can be drawn:

e Blast-furnace slag and fly ash have a beneficial effect on chloride diffusion and sulfate
attack thanks to a higher chloride binding capacity and a lower C3A content;

e Limestone filler, coupled with blast-furnace slag or fly ash, has no significant influence
on chloride diffusion and sulfate attack resistance (at 20°C), but well a negative effect
on freeze-thaw with de-icing salts resistance;

e Carbonation resistance decreases with decreasing clinker content and increasing
limestone filler content;

e Ternary OPC-S-L cements seem in general to contribute to a better durability
performance than OPC-FA-L cements;

e Except for chloride diffusion and sulfate attack, most of the tested ternary cements did
not satisfy the requirements of the comparative approach.

This study shows that despite the fact that ternary cements with high amount of limestone and
slag or fly ash meet the requirements of European standard EN 197-1 in terms of initial setting
time, soundness and compressive strength, these cements could not be used in concrete in every
environment. It is necessary to always assess the suitability for use of new composite cements
for concrete. An adjustment of the concrete mix (cement content, w/c, grading curve...) or
special precautions (thicker covering...) shall be necessary to use these ternary cements in
specific environments or applications. Finally, it should be noted that a long curing period is
highly recommended for these composite cements.
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