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Fundamental Study of Mix Proportions of High-Flow Cement-Based Mortar for
Gravel-Fill Used in Restoration of Collapsed Roads
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ABSTRACT

PURPOSES : As a part of our research into repair techniques for roads that have collapsed as a result of a natural disaster, this study set out to
find the optimum mix proportion for gravels to be used to restore a damaged area.

METHODS : This study considered flow and strength-development characteristics. The experimental variables were the W/C ratio, the usage
of the admixture, the types of cement, and the quantity of fine aggregate over three different experimental stages. The compressive strength was

measured at 12 hours, one day, three days, and seven days.

RESULTS : The flow varied with the amount of fine aggregate and the use of a high-range water-reducing (HRWR) admixture. The
compressive strength also varied with respect to the type of cement and the W/C ratios. The strength satisfied the expected requirement of 21

MPa after one day, provided the mix proportion was appropriate.

CONCLUSIONS : A gravel-filling high-flow cement-based mortar exhibited strength and consistency with a W/C ratio in the range of 0.40
to 0.45, assuming the use of HRWR at 0.5 to 0.7% and a fine aggregate/cement ratio of 1.0 to 1.5.
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Table 1. Physical Properties and Chemical Composition of Cement

Physical properties Chemical compositions
CaiEgeny Specilicy [ s stabillty Sfe_mng t@e Ig-loss | Si0: | CaO | MgO | SOs | ALOs
gravity Initial | Final
Unit - cm’/g % min min % % % % % %
Ordinary portland cement 3.15 3,400 0.10 230 410 258 | 2195 | 60.12 | 3.32 2.1 6.59
Early strength cement 3.15 4,960 0.04 180 260 180 | 21.40 | 6328 | 2.04 | 296 | 4.66

Table 2. Properties of Polycarboxylate HRWR
(High Range Water Reducer)

Principal Specific H Alkali Chloride
component | gravity P content(%) | content(%)

1.05% | 5.0 | less than | less than
0.05 1.5 0.01 0.01

100 /—-l— y
80

W ///
L /
4

e 1 = W50SP0.7SA1.0

Aggregate Size(mm)

Polycarboxylate

(a) Injection of mortar (b) Spill of mortar

Fig. 5 Test for Consistency of Mortar

—B—Fine Aggregate
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Fig. 4 Grading Curve of Fine Aggregate

Fig. 6 Test for Compressive Strength of Mortar
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Table 3. 1 Stage Mix Variables

Variables w/C C (kg/m°) W (kg/m®) F.A. (kg/m°) HRWR (wt., %)
W50SPOSA1.0 0.50 823.53 A1.77 823.53 0.0
W50SP0.55A1.0 0.50 823.53 41177 823.53 0.5
W50SP0.7SA1.0 0.50 823.53 411,77 823.53 0.7
W55SPOSA1.0 0.55 790.96 435.03 790.96 0.0
WB60SPOSA1.0 0.60 760.87 456.52 760.87 0.0
W70SPOSA1.0 0.70 707.07 494.95 707.07 0.0
WB80SPOSA1.0 0.80 660.38 528.30 660.38 0.0

WOO : W/C 00%, SP00: HRWR 00%, SA00: Cement:Fine Aggregate.
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Table 4. 2 Stage Mix Variables

Variables w/C C (kg/m°) W (kg/m®) F.A. (kg/m°) HRWR (wt., %)
W40SP0.6SA1.5 0.40 761.79 304.72 1142.69 0.6
W45SP0.6SA1.5 0.45 733.84 330.23 1100.76 0.6
W40SP0.7SA1.5 0.40 761.79 304.72 1142.69 0.7
W45SP0.7SA1.5 0.45 733.84 330.23 1100.76 0.7
W50SP0.5SA1.5 0.50 707.87 353.94 1061.81 0.5
W50SP0.55A2.0 0.50 620.69 310.35 931.04 0.5

WOO0 : W/C 00%, SPO0 : HRWR 00%,
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Table 5. 3° Stage Mix Variables

Variables w/C C (kg/m°) W (kg/m®) F.A. (kg/m°) HRWR (wt., %)
EW40SP0.5SA1.0 0.40 897.44 358.98 897.44 0.5
EW50SP0.5SA1.0 0.50 823.53 a.77 823.53 05
EW40SP0.53A1.5 0.40 761.79 304.72 1142.69 05
EW50SP0.5SA1.5 0.50 707.87 353.94 1061.81 05
EW40SP0.6SA1.5 0.40 761.79 304.72 1142.69 0.6
EW45SP0.6SA1.5 0.45 707.87 353.94 1061.81 0.6
EW40SP0.7SA1.5 0.40 761.79 304.72 1142.69 07
EW45SP0.7SA1.5 0.45 707.87 353.94 1061.81 0.7

WO0O0 : W/C 00%, SP00: HRWR 00%, SA00: CementFine Aggregate.
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