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ABSTRACT

Recently, the use of high strength concrete (HSC) has increased dramatically and however, few studies have been
conducted on the early-age properties of HSC such as setting. The penetration resistance test (specified by KS F
2436) that is the standard test method for determining initial and final setting times of concrete, may not be
appropriate for HSC because of the high viscosity of the mortar mixture. To address this issue, an ultrasonic pulse
velocity (UPV) monitoring system was used to investigate the setting behavior of mortar and concrete. The
experimental study was carried out to measure the UPV's of mortars and concretes having various water/binder
ratios (W/B) and various fly ash replacement levels, during the first 24 hours of testing. Test results showed that
the UPV in concrete was developed faster than that of mortar with the same W/B, and that of ordinary concrete
was greater than that of fly ash concrete. Typical values of UPV were suggested that correspond to the initial and
final setting times, based on following criteria: (1) the penefration resistance method; (2) the instant when the UPV
begins to develop; and (3) the instant when the UPV development rate is maximum. The method and UPV
monitoring device used in this study is promising for the setting assessment of concrete, particularly for HSC.
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Table 1 Physical properties and chemical compositions
and of cement and fly ash

Properties Material Cement Fly ash
Physical | Specific gravity 3.15 2.27
properties | Blaine (cm“/g) 3,450 337

Si0; 20.7 56.7

AlLO3 5.2 21.2

Chemical Fep0s 3.0 6.0
composition Ca0O 62.4 6.7
(%) MgO 47 14
503 2.4 0.1

Loss on ignition 1.36 3.44

(a) Top view
Acrylic plate Foam rubber

container
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(c) Side view

(b) Plain view (unit : cm)

Fig. 3 Schematic of UPV monitoring system

Mix Mix | Water | Cement | Fly ash | Fine aggregate | Coarse aggregate | AE water reduccer | HRWR W/B
type no. (kg) (kg) (kg) kg) (kg) (Bx%) (Bx%)
1 185 370 - 754 969 05 - 0.50
OPC 2 158 450 - 672 1061 - 15 0.35
3 155 500 - 626 1074 - 2.0 0.31
4 148 550 - 617 1060 - 24 0.27
FAIO 5 155 450 30 620 1064 - 2.0 0.31
6 148 495 55 612 1049 - 2.4 0.27
7 185 296 74 744 956 0.5 - 0.50
FA20 3 158 360 90 661 1043 - 15 0.35
9 155 400 100 614 1054 - 2.0 0.31
10 148 440 110 605 1038 - 24 0.27
FA30 11 155 350 130 608 1044 - 2.0 0.31
12 148 385 165 598 1027 - 2.4 0.27
X220 £ 2UER oFt nZdE 238|Ee| 84 EIt 975
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Table 3 Properties of fresh and hardened concrete
Mix | Mix | Slump | Flow | Air content] Compressive strength (MPa) Modulus of elasticity (GPa)
type | no. (crm) (cm) (%) 1 3 7 28 days 1 3 7 28 days
1 19.0 41x40 50 96 20.3 25.3 31.1 14.0 21.0 249 26.9
OPC 2 21.0 45x45 48 21.8 37.7 43.0 47.1 22.1 29.4 31.2 32.9
3 22.5 55%53 24 25.0 42.8 494 55.5 249 30.1 33.2 34.3
4 23.0 54x55 2.0 30.3 48.1 58.3 66.2 25.2 325 357 36.2
FAIO 5 22.0 55%53 2.0 20.2 38.3 478 534 19.8 28.3 325 34.0
6 225 60x62 1.7 24.3 439 53.1 63.6 235 323 335 35.1
7 19.0 42x40 47 6.1 16.1 20.7 29.3 12.3 18.0 195 26.7
FA%0 8 235 56x58 3.3 14.0 29.3 374 459 16.6 259 284 32.4
9 245 58x63 2.1 142 35.0 40.7 52.6 18.1 273 29.0 33.6
10 24.0 63x62 16 134 389 456 62.4 16.4 285 32.4 345
FA30 11 23.5 56x55 1.7 56 28.2 36.5 49.3 10.2 25.0 276 32.8
12 245 6365 14 4.7 30.8 41.1 55.8 10.1 25.8 29.3 35.0
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Fig. 5 Development of UPV for OPC series with
various W/B
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Fig. 7 Development of UPV for mortar and concrete
having various fly ash contents at W/B of 0.31
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Table 4 Times and corresponding UPV's based on various criteria for setting

(a) Mortar
Initial setting Final setting
Penetration resistance Beginning of UPV Penetration resistance Maximum rate of UPV
Mix Mix (KS F 2436) development (KS F 2436) development
type no. (Criterion 1I) (Criterion 2I) (Criterion IF) (Criterion 2F)
Time UpPv Time UPV Time UpPv Time UPV
{(hr:min) (m/s) (hr:min) (m/s) (hr:min) {m/s) (hr:min) (m/s)
1 8:10 800 6:30 480 10:15 1300 9:40 1150
OPC 2 12:30 855 11:10 610 14:30 1445 15:30 1750
3 14:50 930 14:30 885 16:50 1350 19:10 2160
4 12:45 980 13:00 1020 14:40 1220 18:30 2450
FA10 5 15:05 930 14:50 1000 17:10 1280 19:50 2100
6 13:10 850 14:20 950 16:10 1260 19:00 2200
7 9:40 920 6:30 350 12:10 1380 10:20 1020
FA20 8 15:30 1000 13:10 700 17:25 1400 18:10 1630
9 17:00 990 15:20 800 19:05 1460 20:10 1850
10 16:25 1010 17:40 1100 18:55 1230 22:30 2120
FA30 11 19:10 930 18:30 500 21:10 1310 22:20 1680
12 17:30 830 19:40 930 20:40 1050 24:00 1830

(b) Concrete

Initial setting

Final setting

Penetration resistance Beginning of UPV Penetration resistance | Maximum rate of UPV
Mix Mix (KS F 2436) development (KS F 2436) development
type no. (Criterion 1I) (Criterion 2I) (Criterion IF) (Criterion 2F)
Time UPV Time UPV Time Upv Time UpPV
(hr:min) (m/s) (hr:min) (m/s) (hr:min) {m/s) (hr'min) (m/s)
1 810 1100 6:00 560 10:15 2050 9:40 1750
OPC 2 12:30 1850 9:50 340 14:30 2700 12:50 2000
3 14:50 2000 11:40 950 16:50 3000 15:20 2290
4 12:45 1830 10:00 1040 14:40 2700 14:00 2320
FALO 5 15:05 1700 12:40 980 17:10 2800 16:00 2250
6 13:10 1580 10:20 900 16:10 2650 15:00 2230
7 9:40 1500 6:00 500 12:10 2330 10:00 1630
FA20 8 15:30 2260 10:00 950 17:25 2850 15:10 2120
9 17:00 1980 12:10 940 19:05 2600 19:00 2000
10 16:25 2000 12:20 950 18:55 1950 17:00 2250
FA30 11 19:10 1940 15:50 1180 21:10 2780 20:30 2500
12 17:30 1230 15:30 950 20:40 1900 21:00 2230
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Fig. 9 Development rate of UPV for OPC series
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