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Table 1 Properties of materials

Material

Properties

Ordinary portland cement | Density: 3.16g/cm’

Fine aggregate

Sea sand, Density: 2.7Sg/cm3, Water absorption: 1.15%, FM: 2.56%

Coarse aggregate

Crushed stone, Density: 2.67g/cm?, Water absorption: 1.64%, FM: 6.48%, G-Max: 15mm

Chemical admixture

Aiir entraining and water reducing agent, Specific gravity: 1.25

Admixture mineral

Steel fiber, Specific gravity: 7.9(  8.0), Length: 30mm, D: 0.6mm

Table2 Mix proportions of concrete

Unit weight kg/m®
! Sl WIC sia SLEL, Admix. | Steel
' 4 (%) (%) W C S G (%) (vol%)
1 | Plain 175 360 1,444 354
2 | C390 48.6 190 390 1,392 340
3 | C420 204 420 1,338 330
4 | W180 50.0 80 180 1,349 351
5 | W189 52.5 189 1414 346
6 | AE 360 1,444 354 0.25
486 175 '
7 | AEST 1,422 348 1.0
8 | ST
C390 C420 Wi180 w189 .
Plain ()
No.6 AE
AE
0.25%
Plain 5mm
No.7 8 AE Plain
AEST ST
1.0%
()
60 4cm
Im @25>30cm
50mm
40m 10
80r.p.m. 10rp.m. 8

()
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Fig. 1 Relationship between rotating speed and torque Fig.2 Relationship between yield value and slump
5 Table 3 Apparent yield value and apparent viscosity
= Apparent Apparent
<4 . . Slum
‘E Symbol | Yield Value Viscosity (:lm)p
%3 (N cm) (N cm min)
oy Plain 1351 0.052 24
% J n Previous®, Present experiment C390 6.90 0.048 74
21r O u Non-Steel
o 5 e St C420 3.69 0.034 210
0 : W180 10.17 0.047 5.6
0 2 “S | 6 8 10 W189 5.85 0.049 74
L. {em) AE 10.14 0.070 58
Fig. 3 Relationship between discharge rate of concrete AEST 10.68 0.125 8.2
and slump ST 24
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Table4 Air content and mass of unit volume

16 0.14
- - 3 | |OYield value °
Symbol Air content (%) | Mass of unit volume (kg/m) gl‘zl | @ Viscosity O 1012 =
Before | After |  Before After 5t . - 101 E
- Z10 r
Plain | 53 | 37 | 2330 2386 el { 008 2
C390 55 44 2.330 2.350 g 6 RS E 1 0.06 z
W189 | 54 | 24 2.309 2.373 2 4 £oat . 004 8
AE .1 6.7 2.299 2292 2 AE W189 Plain AEST ~ C390 | 002~
AEST 7.7 8.2 2.323 2.366 0 ‘ ‘ ‘ 0
15 17 19 21 23 25
Rebound ratio (%)
Fig. 8 Relationship between rebound ratio and yield
valug, viscosity
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FUNDAMENTAL STUDY ON THE SPRYING PROPERTIES OF SHOTCRETE
USED FOR CONTROLLING WEATHERING OF ROCK-BED

Isaso YAMAZAKI ,Susumu YOSHIDA ,Fumio TAGUCHI and Hisatoshi SHIMADA

INDEPENDENT ADMINISTRATIVE INSTITUTION
CIVIL ENGINEERING RESEARCH INSTITUTE OF HOKKAIDO, Structures Department,
Materials Division (1-3-1-34, Hiragishi, Toyohira-ku, Sapporo-shi, Hokkaido 062-8602, Japan)

ABSTRACT: In Japan, shotcrete for controlling weathering of rock-bed is not widely investigated. In particular, studies

about its physical properties and durability still very limited. The present study investigates the effects of the fresh

shotcrete properties on the rebound and the discharge rate of concrete as well as the air pressure in the spraying pipe.

Non-air-entrained concrete, air-entrained concrete and steel fiber reinforced concrete with different water cement ratios

and cement contents were considered. The properties that were investigated are: slump, air content, yield value, viscosity,

rebound, discharge rate of concrete and air pressure in the spraying pipe. Results showed that:

1) The relationship between the yield value and slump of shotcrete is similar to that of normal concrete.

2) The discharge rate of concrete increases with any increase in the slump. However, to maintain the pressure on the
nozzle man at certain level, the air pressure should be increased simultaneously with any increase in the slump. Thus,
the slump should be determined considering the required discharge rate of concrete and the possible air pressure.

3) The air content in hardened shotcerete is most probably dependent on the air pressure.

4) The rebound of shotcerete improves with an increase the slump but a higher slump provokes a split of shotcrete.

KEY WORDS: Shotcrete, Slump, Air content, Yield value, Plastic viscosity, Rebound, Discharge rate of concrete, Air
pressure



