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Abstract. Two-stage concrete (TSC) is a special type of concrete
that the method of its construction and implementation is different
from conventional one. In TSC, coarse aggregate particles are first
placed in the formwork and voids between them are subsequently
injected with a special cementations mixture. TSC has been
successfully used in many applications, such as underwater
construction, casting concrete sections congested with
reinforcement and concrete repair. Coarse aggregate forms about
60% of the total volume of TSC, while coarse aggregate forms
about 40% of the total volume of conventional concrete. In TSC
stresses are transferred through contact areas between coarse
aggregate particles. In this paper coarse aggregate size influence
on strength parameters of TSC and comparing it with
conventional concrete is done (by uniaxial compressive strength
test and Brazilian tensile strength test). According to results of
tests in this paper, the TSC with finest grain of coarse aggregate
has higher compressive and tensile strength, higher modulus of
elasticity and less Poisson’s ratio from conventional concrete.

Keywords: two-stage concrete; conventional concrete; uniaxial
compressive strength; tensile strength; modulus of elasticity.

betonu dwuetapowego

Streszczenie. Beton wykonywany dwuetapowo (TSC) jest specjal-
nym rodzajem betonu, a jego metoda wbudowania i zastosowanie
r6znig sig od tradycyjnego. W TSC w pierwszej kolejnosci w sza-
lunku uktadane jest kruszywo grube, a nastgpnie pod cisnieniem
podawana jest specjalna mieszanka cementowa wypehniajaca wol-
ne przestrzenie migdzy kruszywem. Technologia TSC zostata wie-
lokrotnie zastosowana z powodzeniem w betonowaniu pod woda
do wykonywania zbrojonych elementow konstrukcyjnych oraz ja-
ko beton naprawczy. W TSC kruszywo grube stanowi ok. 60%, na-
tomiast w betonie zwyklym ok. 40% catkowitej objgtosci. W TSC
naprezenia przenoszone sa przez obszary styku migdzy ziarnami
kruszywa grubego. W badaniach wykazano wptyw kruszywa gru-
bego na parametry wytrzymato$ciowe TSC i poréwnano je z wy-
nikami badan betonu wykonywanego w sposob tradycyjny (w przy-
padku jednoosiowego badania wytrzymatosci na $ciskanie i wy-
trzymato$ci na rozciaganie metoda brazylijska). Na podstawie uzy-
skanych wynikéw badan stwierdzono, ze TSC zawierajacy ziar-
na matej srednicy charakteryzuje sig lepsza wytrzymatoscia na $ci-
skanie i rozcigganie, wigkszym modutem sprezystosci i mniejszym
wspolczynnikiem Poissona niz beton zwykty.

Stowa kluczowe: betonowanie dwuetapowe; beton zwykty;
jednoosiowy stan naprezenia; wytrzymatos¢ na rozciaganie;
modut sprezystosci.

he Two-Stage concrete (TSC)
is made by placing the gravel
into the mold and then filling
the empty spaces between
them by the mortar of sand and cement.
Usually, emptying spaces between gra-
vel are performed in two ways: we-
ighing and injecting. In the weighting
method, the mortar is poured on top of
the mold filled with grit and, with the
help of a compacting or vibrating, mor-
tar fills the empty spaces. This method
can be used in concrete with a maxi-
mum height of 300 mm. In the injection
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method, by placing the injection tubes
inside the mold, the mortar is injected
into the mold by the pump and the injec-
tion tubes are gradually increased [1].
TSC differs from conventional con-
crete (CC) in several aspects. First, all in-
gredients of conventional concrete are
mixed together and then placed in the
formwork, while in TSC the grout ingre-
dients are mixed separately and then in-
jected into the pre-placed aggregate mass
as mentioned earlier. Second, TSC has
a higher coarse aggregate content than
that of conventional concrete. TSC can
be considered as a skeleton of coarse ag-
gregate particles resting on each other,
leaving only internal voids to be filled
with grout. Conversely, in normal con-
crete the aggregates are rather dispersed.
Therefore, TSC has a specific stress di-
stribution mechanism at which the stres-
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ses are transferred through contact areas
between coarse aggregate particles. Co-
arse aggregate forms about 60% of the
total volume of TSC, while coarse aggre-
gate forms about 40% of the total volu-
me of conventional concrete [2, 8].
Abdelgader [3], through some experi-
ments, presented an algorithm for desi-
gning TSC. Additionally, he determined
the optimal water-cement and sand-cement
ratios for manufacturing TSC, and conclu-
ded that a water-cement ratio of 0.47 and
a cement-sand ratio of 1 produce the hi-
ghest mortar quality [3]. Compared to co-
nventional concrete, TSC is superior in
economic and geomechanical aspects and
is less probable to develop cracks [4 —7].
Due to the fact that most of the TSC
volume is precipitated from the gravel
particles, coarse grain aggregate grading
can have important effects on the me-



chanical properties of the concrete. Al-
so, comparing the mechanical proper-
ties of TSC and CC can show the advan-
tages and disadvantages of this particu-
lar type of concrete in comparison to CC
[9, 10]. For this reason, in this study,
two types of TSC and a CC were con-
structed and tested for 28 days of single-
-axial compressive strength test and
Brazilian tensile strength test.

Materials and methods

In this research, to study the effect of
coarse-grained particle size on TSC re-
sistance and comparison with CC, two
TSC types and one typical type of con-
crete, which were named TSC1, TSC2
and CC respectively, were constructed.
In total, 75 test specimens were made of
150 x 300 mm for the various tests requ-
ired. To determine the elasticity modulus
and the Poisson coefficient from the test
specimens, the cores were made and test
specimens of 50 — 100 mm were tested.

In this study, coarse-grained aggrega-
tes, fine-grained aggregates, cement,
and water were used to prepare the sam-
ples of TSC and CC. Additionally,
expansion additives were used in the
TSC mortar. Aggregates of similar ori-
gin obtained from the same mine were
used in preparation of specimens for
both TSC and CC. Moreover, the speci-
fic gravity of the aggregates used in the
manufacture of TSC was 1550 kg/m?3
and 1610 kg/m? for TSC1 and TSC2.
However, considering the differences in
the grading and manufacture of TSC
and CC, the grading of the consumed
sand in preparation of specimens was
different. Figure 1 demonstrates the
sand grading used in specimens. More-
over, the parameters of the gradation cu-
rve for the consumed aggregates in this
study are given in Table 1. The aggrega-
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Fig. 1. The gradation curve for the aggregates
Rys. 1. Krzywa przesiewu zastosowanego
kruszywa

Table 1. The parameters of the gradation cu-
rve for the consumed materials in this study
Tabela 1. Parametry kruszywa zastosowa-
nego do badan

Para- G S

meter  TSC1 TSC2 CC|TSC1 TSC2 CC
D,[mm] 27 15 12 |017 0.7 022
D, [mm] 29 17 15| 033 033 0.63
D, [mm] 30 20 17053 053 14
Dy [mm] 32 21 18| 0.66 0.66 1.9
C, 119 14 15[388 3.88 8.64
€, 1.03 1.09 096/ 1.03 1.03 1.05

G — gravel; S — sand; TSC — two-stage concrete;
CC — conventional concrete; D, ; D, ; D ; D —the
effective size of grain; Cu — uniformity coefficient; CC
—curvature coefficient; G —the maximum grain size

te softness module for TSC and CC we-
re 2.21 and 3.47, respectively.

Type II cement and drinking water we-
re used for preparation of all specimens.
The mixture ratios for different materials
in 1 m? of TSC is given in Table 2. In order
to prepare the mortar, the materials were
mixed in a 30 I mixer and were mixed
for 4 min. To prepare the TSC, 0.0053 m?
of aggregates (equal to the volume of the
mold) were placed in a cylindrical mold
with the existing voids between which
were filled by mortar with the help of
vibrating table (ASTM C943-10.2000).
The amount of consumed mortar in the
TSC is equal to the void fraction. Conse-
quently, 0.42 and 0.38 m? of mortar was
used for TSC1 and TSC2 specimens. After
their preparation, the TSC and CC speci-
mens were placed and retained in the wa-
ter in standard conditions. The amount of
materials used per 1 m? of the TSC is cal-
culated based on void faction and mortar
mix plan. The mixture ratios for different
materials per 1 m* of TSC and CC are gi-
ven in Table 3.

Table 2. The mixture ratios in 1 m® of the
mortar used for TSC1 and TSC2
Table 2. Skiad zaprawy na m* zastosowanej
do TSC1i TSC2

W/IC SIC Clkg] S[kg] W[kg] EA/C

0.5 1 800 800 400  0.008

‘W—water; C—cement; S—sand; EA—expanding admixture
Table 3. The mix design for the prepared
specimens in this study

Tabela 3. Projekt mieszanek do wykonania
probek do badan

Tvpeof yy,c G kgl Clkel S [kgl W kel

concrete
TSC1 0.5 1510 336 336 168
TSC2 0.5 1610 304 304 152
CC 0.57 1225 300 630 170

W — water; C — cement; G — gravel; S — sand;
EA — expanding admixture

Results and discussion

In this study, to investigate the effect
of coarse grain aggregate on TSC resi-
stance and compare it with CC, uniaxial
compressive strength tests and Brazilian
tensile strength tests were performed on
test specimens.

Compressive strength. Uniaxial com-
pressive strength test was performed
on 30 standard cylindrical test specimens
(150 x 300 mm), including 10 test speci-
mens of each type of concrete, and unia-
xial compressive strength (c ) values for
test specimens were calculated. Also, by
centrifuging the cylindrical specimens,
10 test specimens of 50 x 100 mm from
each test specimen were prepared. Using
a strain gauge and performing a single-
-axial compressive strength test, the com-
pressive strength (q,), elastic modulus (E)
and Poisson coefficient (v) were also ob-
tained for the test specimens. Figure 2
compares the mean values of the uniaxial
compressive strength of concrete speci-
mens, Figure 3 — the mean values of the
modulus of elasticity of concrete speci-
mens and Figure 4 — the mean values of
Poisson’s coefficient for concrete speci-
mens constructed in this study.

4 G [MPa]
20

18
16
14

12

10 =

TSC1 TSC2 cC

Fig. 2. Comparison of the compressive strength
Rys. 2. Porownanie wynikow badan wytrzy-
matosci na sciskanie
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Fig. 3. Comparison of modulus of elasticity
Rys. 3. Porownanie wynikow badan modutow
sprezystosci
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Fig. 4. Comparison of the values of Poisson’s
ratio
Rys. 4. Porownanie wspotczynnikow Poissona

Tensile strength. The Brazilian ten-
sile strength test was performed on 10
standard cylindrical specimens (150 x
300 mm) of each type of concrete and
the tensile strengths of the test speci-
mens were calculated. Figure 5 also
shows the comparison of tensile strength
values for different test specimens.
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Fig. 5. Comparison of tensile strength
values
Rys. 5. Porownanie wynikow badan wytrzy-
malosci na rozciqganie

The relationship between compres-
sive strength and tensile strength. Ba-
sed on the results obtained from the
experiments and the drawing of the ten-
sile strength curve based on the com-
pressive strength, the equation (1) to (3)
were obtained for TSC1, TSC2 and CC
specimens, respectively. Figure 6 also
shows the relationship between tensile
strength and compressive strength in
this study.

6, = 0.4945¢ 0% €))
6, = 0.5463c 012 ?2)
6,=0.52510,04%7 3)

o, and o — respectively tensile strength
and compressive strength of the con-
crete.

By combining the results of TSC1 and
TSC2 test specimens and drawing the
tensile strength and compressive
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Fig. 6. The relationship between compressive

strength and tensile strength

Rys. 6. Zaleznos¢ miedzy wytrzymatosciq na sciska-

nie a wytrzymatosciq na rozciqganie

strength curve, the relationship between
compressive strength and tensile
strength in TSC was obtained in accor-
dance with equation (4). Figure 7 shows
the relationship between the compressi-
ve strength and tensile strength in TSC.
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Fig. 7. The relationship between compres-
sive strength and tensile strength for TSC
Rys. 7. Zaleznos¢ miedzy wytrzymatosciq
na sciskanie a wytrzymatosciq na rozciqga-
nie TSC

Conclusion

According to the experiments carried
out in this study, it can be concluded that
coarse grain aggregates play a very im-
portant role in the two-stage concrete re-
sistance parameters. The fine grained gra-
vel increases the compressive strength,
increases the tensile strength, increases
the elastic modulus, and reduces the TSC
Poisson’s coefficient. Using finer gra-
vel, the TSC compressive strength was
1.15 times higher than that of conventio-
nal concrete. The modulus of elasticity
of TSC2, 1.22 times the CC. The tensile
strength of the TSC with finer aggrega-
te was also 1.2 times higher than that
of CC. The Poisson ratio of TSC of the
second type was 0.96 times the CC. Ac-
cording to the results, TSC with suitable
mix selection has higher resistance pro-
perties than CC and can withstand hi-
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