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similar water demand compared to CR, approximately about 27 kg of water for cubic meter (0.45 pcf) of concrete.
Concretes manufactured with wash water B required further 24 kg/m*of water (1.5 pcf) to compensate the workability
loss. This effect is far more evident for concretes with 35 MPa characteristic cubic compressive strength due to lower
w/c ratio. In this case, concretes manufactured with wash water B — characterized by the highest solid residue - the
amount of water necessary to compensate the workability loss is about 60 kg each cubic meter of concrete (3.7 pcf).

Effect of solid residue on the compressive strength

The compressive results were normalized respect to those obtained on concretes manufactured with drinking water
before (“pre”) and after (“post”) the process of retempering (Figure 7 and Figure 8). The compressive strength results
at 1 day showed a slight increase before the retempering process. This fact can be ascribed to an improvement of the
cement paste/aggregates interface produced by the higher amount of fine particles. Moreover, this effect was only
evidenced at early ages and becomes negligible at longer ages. At 28 days, the compressive strengths of the concretes
manufactured with wash waters are close to those obtained on reference concrete CR manufactured with drinking water.
The compressive strength after the process of retempering showed a marked decrease by increasing the solid residue in
wash water. The higher the amount of fines in the wash water, the higher the water addition to compensate the slump
loss and the higher the compressive strength decrease, as a consequence. The penalization at 28 days, is up to 12% for
concretes manufactured with wash water C, and up to 20 and 25% for concretes manufactured with wash water A and
B, respectively.

Effect of the mix design modification on rheological and mechanical behaviors of concrete

The mix design of concrete belonging to the second series was modified in order to reduce the amount of fine particles
in wash water. The aggregate grading was modified by reducing fine aggregates amount.

The results of the slump tests and compressive strength tests are reported in Figure 9 and Figure 10,respectively.

The reduction of fine particles amount causes a significant reduction in terms of slump loss, which becomes comparable
to reference mixture manufactured with drinking water. This fact is fundamental to avoid unsuitable jobsite water
additions in the truck mixer. As a matter of the fact, the water addition to attain slump class S5 at 60 minutes was
comparable respect to CR. However, CB Mod concretes showed slightly lower compressive strength -before and after
the retempering- compared to reference manufactured with drinking water only. This effect can be ascribed to the lack
of the improvement of the quality of cement paste/aggregates interface at early ages observed in the presence of a
higher amount of fine particles (first series of concrete).

CONCLUSIONS

The experimental results presented in this paper demonstrate that -in the range of solid content considered- wash waters
can be used as a partial of full substitution of drinking water for manufacturing of new concrete. This can be considered
both to reduce disposal or treatment costs of such waters and —especially- to reduce water consumption and improving
sustainability in the building industry.

The use of wash water-in the range of solid content considered by this experimental work- did not affect both air
entrapping and concrete specific weight.

Concretes manufactured with the wash water C (0.14 % solid residue content) showed similar rheological and
mechanical behaviors compared to concretes manufactured with drinking water. On the other hand, the concretes
manufactured with the wash water B (5.53 % solid residue) showed slightly higher compressive strengths values at
early ages compared to reference due to the improvement of the cement paste/aggregate interface. However, relevant
workability loss was observed especially at 60 minutes, which can enhance the risk of unsuitable jobsite water addition
and compressive strength decrease, as a consequence. This effect can be mitigated by modifying the aggregate grading
curve to take into account about the fine particles amount in wash water.

The experimental work has confirmed the possibility to fully or partially replace the mixing water in order to
manufacture new concrete but in field and laboratory pre-qualification tests are necessary to determine limits and
performances of such substitution.

REFERENCES

1. Coppola L., Lorenzi S., Marcassoli P., Marchese G. (2007). “Concrete Production by Using Cast Iron Industry By-
Products ”, Industria Italiana del Cemento, 836, pp. 748-756.

2. Coppola L., Lorenzi S., Buoso A. (2010). “Electric arc furnace granulated slag as a partial replacement of natural
aggregates for concrete production”, Second International Conference on Sustainable Construction Materials and
Technologies, Ancona, Italy. Web only Papers.<http://www.claisse.info/Proceedings.htm>.

3. Coppola L. (2001). “Rheology and Mix Proportioning of Self-Compacting Concretes”, Industria Italiana del
Cemento, 762, pp. 152-163.

324

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ACI/199756851/ACI-SP-305?src=spdf

10.
11.

12.

13.

14.

Rheological And Mechanical Performances Of Concrete Manufactured By Using Washing Water Of
Concrete Mixing Transport Trucks

Coppola L., Cerulli T., Salvioni D. (2005). “Sustainable Development and Durability of Self-Compacting
Concretes ”, Proc. 11th International Conference on Fracture 2005, 1CF11, 3, pp. 2226-2241.
S. O. Ekolu e A. Dawneerangen. “Evaluation of recycled water recovered from a ready — mix concrete plant for
reuse in concrete”, Journal of the South African Institution of Civil Engineering, Vol. 52, No 2, 2010, pp. 77 — 82
S. Abdol Chini e William J. Mbwambo, (1996). “Environmentally friendly solutions for the disposal of concrete
wash water from ready mixed concrete operations”, Cib W89 Beijing International Conference
Parker, C.L. and Slimak, D.A., (1977). “Waste Treatment and Disposal Costs for the Ready — Mixed Concrete
Industry”, The American Concrete Institute
Florida Department of Environmental Protection, Environmental Science & Engineering, (1994). Monitoring
Studies at Concrete Batch Plant, Phase II1. Tallahassee, Florida
Luigi Coppola, (2007). Concretum. McGraw-Hill
Regional ruling 3/2006 of Lombardia, 24/03/2006, Attachment B
Abrams, D.A., (1924). “Tests of Impure Waters for Mixing Concrete”, Proceedings of The American Concrete
Institute
Borger, J., Carrasquillo, (1994) RL and Fowler, DW. “Use of Recycled Wash Water and Returned Plastic
Concrete in the Production of Fresh Concrete” Advanced Cement Based Materials, November
Ullman, G.R. (1973). “Re-use of Wash Water as Mixing Water”, National Ready Mixed Concrete Association,
Technical Information Letter No. 298, Silver Spring, MD, March
Meininger, R.C. “Recycling Mixer Wash Water and Its Effect on Ready Mixed Concrete” National Ready Mixed
Concrete Association

TABLES AND FIGURES

Table 1-Mix designs and experimental data collected for concretes manufactured with drinking water (CR)

fck 30 fck 35
CEM CEM CEM CEM CEM CEM
II/B-LL | IV/AV | II/A-LL | II/B-LL | IV/AV | II/A-LL

Cement kg/m® (pcf) 350 (21.9) | 340 (21.2) [ 310 (19.4) [ 380 (23.7) | 370 (23.1) | 340 (21.2)

Water kg/m? (pef) 175 (10.9) | 180 (11.2) [ 178 (11.1)| 176 (11) [183 (11.4)| 182 (11.4)
wie 0.50 0.53 0.57 0.46 0.49 0.54

Sand kg/m? (pcf) 754 (47.1) | 763 (47.6) | 795 (49.6) | 727 (45.4) | 735 (45.9) | 768 (47.9)

Fine Gravel kg/m’ (pcf) 497 (31) 494 (30.8)| 496 (31) [499 (31.1) [493 (30.8)| 495 (30.8)

Coarse Gravel kg/m® (pef) | 553 (34.5) [ 551 (34.4) | 553 (34.5) | 555 (34.6) | 552 (34.5) | 553 (34.5)
Superplasticizer kg/m® (pcf) [ 3.0 (0.19) | 2.5 (0.16) | 2.3 (0.14) | 3.2(0.2) | 2.7(0.17) | 2.5 (0.16)

Entrapped air (%) 2.5 22 2.0 2.3 2.0 1.7
Slump at 0' (mm) 210 215 210 250 235 220
Slump at 60' (mm) 190 165 90 100 160 140
Spread at 0' (mm) 645 590 627.5 645 640 605
Spread at 60' (mm) 505 465 415 430 445 445
Specific weight 2.332 2.331 2.334 2.340 2.336 2.341
Compressive strength pre
retempering at 1 day (MPa) 16.2 11.5 17.6 18.3 12.3 18.8
Compressive strength pre
retempering at 7 days (MPa) 335 23.8 334 37.9 26.9 36.2
Compressive strength pre
retempering at 28 days (MPa) 43.1 35.6 42.6 45.5 38.8 44.1
Compressive strength post
retempering at 1 day (MPa) 11.8 7.3 13.8 13.5 10.1 15.1
Compressive strength post
retempering at 7 days (MPa) 25.5 19.4 28.0 30.0 22.1 29.5
Compressive strength post 324 30.3 34.8 37.1 323 35.6
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Figure 1-Structure of the recycling plant of wash water
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Figure 2-Normalized specific weight (respect to drinking water) vs. solid residue
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Figure 3-Normalized entrapped air (respect to drinking water) vs. Solid residue - 60’
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Figure 4-Normalized slump and flow table spread (respect to drinking water) vs. Solid residue at 0'
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Figure 6-Normalized water addition (respect to drinking water) for retempering vs. solid residue at 60’
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Figure 7- Normalized compressive strength (respect to drinking water) at 1 day (pre-retempering and post-
retempering) vs. Solid residue
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Figure 8- Normalized compressive strength (respect to drinking water) at 28 days (pre-retempering and post-
retempering) vs. Solid residue
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Figure 10- Normalized compressive strength (respect to drinking water) at 1, 7 and 28 days (pre and post
retempering) — effect of the modification of the mix design
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USE OF RECYCLED AGGREGATE AND EXPANDED CLAY FOR SELF-
COMPACTING LIGHTWEIGHT AGGREGATE CONCRETES

Valeria Corinaldesi and Giacomo Moriconi

Synopsis: In this work, fiber reinforced SCLWAC (self-compacting lightweight aggregate concrete) mixtures
were studied, in which synthetic fibers were used. Eight different SCLWAC mixtures were prepared, by
employing either fly ash or silica fume as mineral addition. In particular, as aggregates, different combinations of
fine and coarse expanded clay were tried, also partially replaced by either quartz sand or recycled aggregate
coming from a recycling plant, in which rubble from concrete demolition are suitably treated. The SCLWACs
were characterized at the fresh state by means of slump flow, V-funnel and L-box tests, and after hardening by
means of compression, splitting tension and bending tests, as well as drying shrinkage measurements. Strength
class of LC 45/50 was obtained by using synthetic macrofibres when the oven dry density of SCLWAC was about
1600 kg/m? [2700 Ib/yd?], while if the oven dry density of SCLWAC was lower than 1250 kg/m? [2100 Ib/yd’] a
strength class of LC 25/28 was reached as well. Splitting tensile and flexural strength measured values were
consistent with concrete strength class, while the elastic modulus was quite low with respect to normal weight
self-compacting concrete (SCC). The post-cracking behaviour of SCLWAC resulted strongly improved by the
addition of synthetic macrofibers, which proved to guarantee a softening behaviour in flexure. In conclusion, the
addition of synthetic fibers allowed to design special concretes with excellent combination of mechanical and
functional properties.

Keywords: expanded clay, fiber reinforced concrete, lightweight aggregate concrete, self-compacting concrete,
polypropylene fibers, synthetic fibers, recycled aggregate concrete.
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