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Estimation of Setting Time and Early-age Strength of
Concrete Using the Ultrasonic Pulse Velocity
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Abstract This paper presents experimental results for early-age properties of concrete such as the setting time and
strength, evaluated via the ultrasonic pulse velocity (UPV). Developing and using an automatically-recording monitoring
system, the UPV’s of mortar and concrete with various water to binder ratios (W/B) were measured during the first
24 hours. In addition, probe penetration and compression tests were conducted to measwre the setting time and
compressive strength, respectively. It was observed that the UPV's of mortar with high W/B remained constant during
the first 6.5 hours and then abruptly began to increase at constant rates. On the other hand, the UPV of mortar with
low W/B increased relatively slowly and gradually due to the setting retardation caused by the use of high range
water reducing agent (HRWR). It was found that setting of concrete occurs when the UPV reaches a certain value,
Moreover, it was concluded that the estimation formulas should incorporate the effects of W/B to more accurately
estimate the early-age strength of concrete from the UPV.
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Table 1 Chemical composition and physical properties of cement and fly ash
Chemical composition (%) Physical properties
e e, | mos | Feo cao | ngo | so, | losson | Soeclc | e
23 23 g 3 ignition gravity {cm g}
Cement 207 52 30 62.4 47 24 1.36 3.15 3.450
Fly ash 56.7 212 6.0 6.7 1.4 0.1 344 227 3,375
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Table 2 Mix proportions of concrete per m’

Mix Water Cement Fly ash Fine Coarse AE HRWR WiB
no. ko) kg kg) agoregate (o) | agoregaie (ko) [ (BX%) (Bx%)

1 185 370 - 754 969 05 = 050
2 158 450 - 672 1061 - 15 0.35
3 155 500 - 626 1074 - 20 0.31
4 148 5850 - 617 1060 - 24 0.27
5 185 256 74 744 956 05 - 0.50
6 158 360 4] 661 1043 - 15 035
7 155 400 100 614 1054 - 20 031
8 148 440 110 605 1038 - 24 027

Note : AE = air-entraining water reducing admixture

HRWR = high range water reducing agent
W/B = water i0 binder (cement + fiy ash) ratio

Mixes 1 through 4 = QPC series, Mixes 5 through 8 = FA series
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(b) Development of ultrasonic pulse velocity

Fig. 3 Setting and ultrasonic pulse velocity at W/B of 0.50
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Table 3 Setting time and corresponding ultrasonic pulse velocity of mortar

Setting time (hrmin) Ulirasonic pulse velocity (m/s)
"Mix no.

Initial Final Initial Final

1 810 ' 10:15 800 1300
2 12:30 14:30 1020 1600
3 1450 16:50 1010 1550
4 12:45 14:40 980 1220
5 9:40 12:10 920 1380
6 15:30 17:25 1220 1650
7 17:00 19:05 980 1380
8 16:25 1855 1070 1230
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Table 4 Average compressive strength and ultrasonic pulse velocity of tested cylinders
M Compressive strength (MPa) Ultrasonic pulse velocity (my/s)
X
Day Day
no.
1 2 3 7 28 1 2 3 7 28
1 96 16.7 20.3 2.3 311 3383 4256 4360 4576 4667
2 21.8 309 377 43,0 47.1 4353 4540 4604 4694 479
3 2.0 369 42.8 494 %5 436 4524 4633 4663 4733
4 30.3 44.0 481 53.3 66.2 4433 4640 4631 4722 4879
5 6.1 131 161 207 203 3779 107 4305 4506 4627
6 140 2A2 293 374 459 4192 4476 454 4677 4742
7 14.2 271 350 40.7 526 4162 4487 458 4666 4717
8 134 304 389 456 624 4111 4509 4655 4707 4320
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Table 5 Constanis, a and b, in Eq. (1), for each group
Concrete No. of data y
type Group W/B a b used R
A
(Mix 12) 050 to 0.35 000411 0.001904 32 0.990
QPC B
. (Mix 34) 031 to 0.27 0.003001 0.00207 3H 0.988
Grouping C -
(Mix 56) 050 to 0.5 0.003479 0.001930 32 0.993
FA D
(Mix 78) 031 to 027 0.002845 0.002053 30 0.9%9
OrPC Mix 110 4 050 to 027 0.0032%2 0.002039 67 0934
No grouping
FA Mix 5 to 8 050 to 0.27 0.002866 0.002039 62 0938
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