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Fresh Properties and the Development of Strength in High Volume Coal Ash Shotcretes
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by
Shin-ichi IGARASHI*, Yuuichi AKITA**, Ken-ichi MATSUI*** and Atsumu ISHIDA****

Several raw coal ashes which were not finely divided, were used as admixtures for high volume coal ash shotcrete.
Rheological properties of the concretes before projecting were evaluated by the modified slump cone test. Microstructure of the
projected concretes was examined by the quantitative image analysis for backscattered electron images. Differences in the strength
development between the shotcretes and conventional cast concretes were discussed in relation with influences of pneumatic
projection on the initial packing of binder particles and the subsequent changes in coarse capillary pore structure. The modified
slump test was useful for evaluating flow and projection properties of concrete. Plastic viscosity of coal ash concrete depended on
types of coal ash even when the same slump value was attained. When a coal ash with a high carbon content was used, the plastic
viscosity increased. The increase in viscosity resulted in the increase in pumping pressure for projection. The coarse capillary pore
structure in the projected concrete without accelerator is not greatly different from that in the cast concretes. However, when a large
amount of coal ash was incorporated, the threshold diameter of coarse capillary pores at early ages was reduced. The development
of compressive strength in shotcrete was not notable compared to the conventional compacted concrete. It was suggested from the
evolution of capillary pore structures that the accelerator for shotcrete prevented further densification in microstructure at long ages.

Key words: High volume coal ash shotcrete, Modified slump test, Accelerators, Coarse capillary pore structures
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Table 1 Physical properties of coal ashes (JIS A-6201)

Property ASH-A | ASH-B | ASH-C
Density(g/cm?) 2.30 2.25 2.20
Blaine Fineness (cm?/g) 4000 4500 4800
Loss on Ignition (%) 2.32 5.20 10.59
Flow Value Ratio (%) 95.8 90.5 86.3
Activity 28 Days 80.1 76.5 102.5
Index(%) 91 Days 89.7 92.6 101.5

Table 2 Chemical compositions of coal ashes (%)

Oxide Composition ASH-A ASH-B | ASH-C
SiO, 57.38 56.07 45,53
Fe,03 3.96 4.66 2.87
Al,O4 29.20 27.02 27.13
Ca0 2.50 3.26 7.50
MgO 0.79 0.99 1.37
SOs 0.26 0.47 1.50
TiO, 1.19 1.07 1.40
Na,O 0.90 0.78 1.20
K0 0.78 0.73 0.41
total Carbon 2.49 4.62 10.85
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Table 3 Mix proportion of high volume coal ash concretes

Type of wiC o/a Unit Content(kg/m?3) Admixtures wt% C

Mix (%) (%) Water | Cement (13%05?11 Sand | Gravel | Superplasticizer AE agent add’lAE

PC 60 60 216 360 0 1002 668 0.5 0 0
ASH-A30% 60 60 216 360 108 882 668 0 0 0
ASH-AT70% 60 60 216 360 252 720 668 0.3 0 0
ASH-B30% 60 60 216 360 108 879 668 0.4 0 0
ASH-B70% 60 60 216 360 252 714 669 1.2 0 0
ASH-C30% 60 60 216 360 108 876 669 1.2 0 0
ASH-C70% 60 60 216 360 252 707 668 2.0 0 0
ASHA%YO% 60 60 216 360 252 707 668 2.0 0.5 0.08
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Table 4 Results of the modified slump test

Slump Yield I.’last?c
Type of Mix (mm) Stress Viscosity

(Pa) (Pa - s)
PC 130 1414 19.1
ASH-A30% 110 1572 19.8
ASH-A70% 140 1313 26.9
ASH-B30% 130 1405 21.8
ASH-B70% 110 1556 27.1
ASH-C30% 120 1486 22.9
ASH-C70% 110 1550 46.3
ASH-C70%-AE 185 939 36.4




Table 5 Mix proportion of high volume coal ash shotcretes RLIZHDTHD. ATV

Typeof | WIC Unit Content (kg/m?) SP 7% 12 2emOHIPHIZE D
pe o 0 . e s .
Mix (%) s/a (%) Water Cement i(;il Sand Gravel (wt%C) TRB7e, BRI

N 1] — A

PC 60 60 216 360 0 1053 707 0 ﬁQj/fJ DRJERES
ASH-A 60 60 216 360 270 758 707 0.9% EDOMEZ R LTS, Lo
ASH-B 60 60 216 360 270 760 707 1.3% L, EPEREAEIRK A B % 30
Accelerator:7% of cement

Table 6 Results of the modified slump test for shotcretes and their

projection properties
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Fig.5 Coarse capillary pore size distribution curves for cast concretes with and without coal ash
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