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Where: 
� = General average;
� i = Effect of  ith level of factor A;
� j = Effect of  jth level of factor B;
���� ij = Effect of interaction AB;
� ijk = Random error component.

2.2 Procedures

In order to perform de experiment design, ten prismatic samples 
have been molded, each with (0,30 x 0,60 x 0,70) m. The several 

combinations showed in the experimental matrix has been per-
formed in nine of them, and the last one have been molded only 
using a common upstream face conventional concrete. Four core 
samples have been drilled from each prismatic sample, in order to 
perform mechanical strength and permeability tests.
The basic grout enrichment process consists in initially RCC pour-
ing inside the molds, after this grout application, and finally com-
paction using concrete immersion compactors. The molds have to 
be wet before pouring aiming to avoid concrete humidity losses. 
The grout mixes have been prepared in a manual device, and 
manually applied over non compacted RCC using a graduated 
bucket. Immediately after grout application the concrete has been 
compacted using a pneumatic vibrator in two points.
Figures 1 to 4 show the enrichment process and the final appear-
ance of the concrete surface. Non homogeneous surface areas 
are more observable when grout w/c ratio decreases.
The core drilling process has been performed at the age of  
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53 days. The tests have been executed in Laboratorio de Materiais 
e Estrutura, LAME, in Curitiba (state of Parana, Brazil). After the 
mold removal, visual observation shows non homogenous con-
crete nearby the downstream face, in the sample bottom and far 
from vibrator immersion points, as exhibited in Gigura 5. 
The (10 x 20) cm drilled samples have been tested using the rec-
ommendations of the Brazilian standard NBR 5739 [8] to deter-
mine its compressive strength, and NBR 7222 [9] to determine the 
splitting tensile strength. Permeability testes using the Brazilian 
standard NBR 10786 [10] were performed over the (15 x 15) cm 
samples, similarly to the equipment developed in the United States 
Bureau of Reclamation.

2.3 Materials and mixes

The study used the same materials and mixes applied in the con-
struction of Maua Hidropowerplant, in the state of Parana, Brazil. 
This choice is based on the use of actual construction materials, 
mixes and processes. The approach permits to compare the ex-
periment results with the real site conditions, and using the site 

facilities it is easier to obtain materials and equipments.
The grout mixes used cement type CPIV RS, according with Brazil-
ian Standards, from Votorantim and set retard admixture PLASTI-
MENT VZ, supplied by Sika Brasil. The RCC mixes are shown in 
Table 2, and the RCC and the upstream face conventional vibrated 
concrete(CVC) used artificial sand.

3. Results and analysis

3.1	 Grout	flow	tests

During the prismatic samples casting process, fresh concrete and 
grout have been tested. Cone flow tests have been performed in the 
grout mixes, according with Brazilian standard NBR 7682 [11], using 
March Cone. This test purpose is to obtain a correlation between the 
flow test result and the grout penetration inside RCC mass.
Table 3 shows the cone flow tests results, where all grout mixes 
have efflux time less than seven seconds, using admixture con-
tent less than 1% of cement content. During the tests, the first 
grout w/c ratio level has been adjusted from 0.7 to 0.74 in order to  

Table 2 – Concrete mixes

Mixes/Materials Concrete

Cement (kg/m³)
Water (kg/m³)
Artificial sand (kg/m³)
Coarse aggregate 25 mm (kg/m³)
Coarse aggregate 50 mm (kg/m³)
w/c ratio
Admixture (l/m³)
Slump (mm)
Cannon time (s)
Entrained air (%)
Theoretical density (kg/m³)
Characteristic compressive strength (MPa)
Design parameters determination age (days)
Confidence interval (%)
Maximum aggregate size (mm)

CCR CVC face

75
125
1272
619
619
1,67
0,9
–

15 ± 5
–

2710
7

180
80
50

195
190
1144
1018

–
0,97
1,32

70 ± 10
–

1,0 ± 0,5
2547

12
180
80
25

Table 3 – Site test results 

Parameters Prismatic samples

oRoom temperature ( C)
Slump (cm) / Cannon time (s)

oConcrete temperature ( C)
w/c ratio
Admixture (%)
Efflux time (s)

10 (CVC) 4 / 5 / 61 / 2 / 3 7 / 8 / 9

29,8
5,5
31
–
–
–

24,3
10

29,5
0,8
1

6,1

31
10

32,5
0,74

1
6,7

24,3
12

29,5
0,9
1

5,7
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improve the grout penetration in RCC mass. The 0.70 grout mix 
has been tested using admixture contents equal 1.0%, 1.2% and 
1,6% without any significant change in the efflux time that exceed-
ed 7 seconds.
The 0.7 grout mix has been tested in field conditions and the first 
tests occurred under temperature condition greater than 30ºC. For 
the prismatic samples 4 to 9 these tests have been repeated, un-
der better weather conditions. The tests obtained ellux time of 7.1 
seconds for grout without admixtures and 6.5 seconds for mixes 
using 1.0% admixture content. These results indicated the chosen 
the efflux time limit of 7 seconds for all grout mixes.

3.2 Grout enriched RCC

Figures 6 to 8 show the laboratory tests results, considering the 
obtained values as functions of grout amount per length and grout 

mix. The permeability and compressive strength tests have been 
perfomed at ages of 60 and 79 days.
The results presented in these figures shows have very important 
dispersion for all tests, compressive strength, tensile strength and 
permeability, and the data analysis doesn’t show a recognized pat-
tern. In spite of these interpretation difficulties, it was not possible 
to identify compaction defects, as voids presence in the grout en-
riched concrete. This significant variance coud be generated by 
variations in final concrete due to the admixture efficiency. 
In spite of the variability, the consistency of the enrichment could 
be demonstrated verifying that the enriched RCC compressive 
strength is higher for grout w/c ratio 0.74 than the 0.9 one. This re-
sult is correlated to Abrams’ law, since greater w/c ration furnished 
smaller compressive strength [12]. The greatest compressive 
strength is 11.63 MPa, for the combinated factors w/c ratio 0.74 
and grout amount equal to 19 l/m.
In an analysis of variance, ANOVA, the isolated effect of each vari-

Figure 5 – Prismatic samples appearance 
after demolding

Figure 6 – Compressive strength results
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Figure 7 – Splitting tensile strength results
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Figure 8 – Permeability results
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able is not significance, as well their interaction, for 95% confi-
dence interval. The splitting tensile strength tests presented great-
er variability than the compressive strength. This result could be 
considered normal, since the tensile tests have been performed in 
core drilled samples [3].
The tests results for grout enriched RCC and upstream face con-
ventional concrete are shown in Figures 9 and 10. Comparing the 
two approaches, a simple analysis shows that the CVC param-
eters are greater the grout enriched RCC. The enriched RCC com-
pressive strength corresponds to 40 to 76% of the CVC ones. For 
grout w/c 0.74, the permeability tests showed that the enriched 
RCC results are approximately two to four times greater than the 
CVC ones. The final cement content of the grout enriched RCC 
is 70 to 85% of the CVC cement content, and, this situation could 
explain the differences between the two approaches results. The 
enrichments was studied in order to verify the possibility to pen-
etrate in the RCC mass using economical mixes, and these results 
differences have been expected.
 
4. Conclusions

a) Used as plasticizer and set retarder, the admixture led to dif-
ficulties to grout penetration under high temperatures. Its effect 
was not observed for temperatures greater than 30ºC. The vari-
abilities observed in the mechanical strength and permeability 
tests could be generated by the admixture behavior that not 
permitted a homogeneous concrete compaction. Thus, it is nec-
essary to propose new studies considering another admixtures, 
cement content, grout amount per length and temperatures, in 
order to improve the grout enrichment results. This paper main 
purpose was to apply the technique under site conditions, with 
materials and construction conditions really used in Maua Dam, 
as an initial feasibility analysis.

b) The grout efflux time must be limited to a maximum of 7 sec-
onds, in the cone flow test, for RCC cannon time between 10 to 
12 seconds, in order to permit adequate penetration.

c) The experimental program has been performed in the Maua 
site, using same materials, equipment and labor crew. This ap-
proach permitted to analyze the process under real work condi-
tions, but it was not possible to verify grout enrichment produc-
tivity. This analysis could be performed using test fills.

d) The compaction chosen process used 140 mm diameter vibra-
tors and 15 seconds or immersion. The process showed appro-
priate final result in terms of visual uniformity. I was not observed 
voids or segregation points in the compacted mass surfaces.  

e) The grout enrichment RCC results are lower than the reference 
CVC, due the enriched RCC cement content is notably lower. 
Even with situation, the combination grout w/c ratio equal to 
0.74 and grout content of 19 l/m obtained compressive strength 
76% of the CVC one, and almost achieve the real design re-
quired strength of 12 MPa. This combination permeability is 2 
to for times greater than the CVC one, but attend the design 
requirement of 10-9 cm/s. Therefore, for w/c ratios of 0.74 the 
grout enriched RCC has similar permeability behavior of the site 
upstream face CVC, and attend the design requirement for per-
meability and compressive strength.
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Figure 9 – Comparison enriched 
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