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Ultrasonic Pulses Characteristics in Lightweight Fine Aggregate
Concrete under Various Load Histories
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One of the widely used NDT(Non-destructive techniques) is the ultrasonic pulse velocity (USPV) method, which determines the travel
time of the ultrasonic pulse through the tested materials and most studies were focused on the results expressed in time domain.
However, the signal of ultrasonic pulse in time domain can be transformed into frequency domain, through Fast fourier transform(FFT)
to give more useful informations. This paper shows a comparison of changes in the pulse velocity and frequency domain signals of
concrete for various load histories using lightweight fine aggregates. The strength prediction equation for normal concrete using
USPV cannot be used to estimate lightweight fine aggregate concrete strength. The signals in frequency domain of ultrasonic pulse of
lightweight fine aggregate concrete does not show any significant difference comparing with those of normal concrete. The increases
in stress levels of concrete change the pulse velocities and maximum frequencies, however the apparent relationship between
themselves can not be found in this experiment.
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Table 1. Properties of aggregates
Density Absorption
Gmax (mm) (g/cmz) %)
Fine Aggreagte - 2.57 1.1
Coarse Aggregate 15 2.72 0.51
LightWeight
Aggregate (0.5~1mm) ! 047 30
LightWeight
Aggregate (2~4mm) 4 0.32 15

2.3 i

0] G0l M= BEERHS| X2t X|2t0l| Tt & 57K Hie
= offiC), 28 ZETHNo)E A8 e J &2 X
7F0.5~1mmE TERH(L1) 21lH| 50%2F 100% £~Z=C =2 X|=tet
ULt EoF B ME X7t 2~Amm(L2)S THEX £I/H| 50%
2, X7t 0.5~mme! H2 HEIHE HEA £ 0ld| 50%, Xl

Table 2. Mix proportions of specimens

Mix Proportions

Specimens | W/C | S/a | W | C S G | Ll | L2
(%) | (%) | (kg) | (kg) | (k) | (kg) | (kg) | (kg)
NO' 772 0 0
L1-50" 386 706 | 0
L1-1007" | 39 | 473|183 | 461 | 0 | 910 [1412] ©
L2-50""" 386 0 | 48
LL-100""" 0 70.6 | 48

C=cement, G=coarse aggregate, S=fine aggregate, L1= lightweight
fine aggregates of 0.5~1.0mm, L2= lightweight fine aggregates of
2.0~4.0mm

NO is specimens without lightweight fine aggregates
“L1-50 is replacement ratio of fine aggregates is 50 % of 0.5-
1.0mm

ok

L1-100 is replacement ratio of fine aggregates is 100 % of
0.5-1.0mm

Hokkk

L2-50 is replacement ratio of fine aggregates is 50 % of 2.0
-4.0mm

LL is replacement ratio of fine aggregates is 100% of 0.5 -
1.0mm and 2.0-4.0mm
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Photo 1. Test set-up
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Table 3. Average ultrasonic velocity of specimens

Specimens Average Ultrasonic Velocity (m/s)
NO 4671
L1-50 4051
L1-100 4351
L2-50 3916
LL-100 3430

Table 4. Strength estimation equation by ultrasonic pulse velocity
method(Gregor Trtnik et al.(2009), Lim(2008))

Strength estimation equation
F=326.7*V,-1173

Seoul Natl. Univ. (Eq.1)

Daewoo Const. Co. (Eq.2) F=138.6*V,-382.3

Architectural Institute of

=715%V -
Japan (eq.3) F=215%V,-620

Tanikawa (Eq.4) F=173*V,-500

Gregor Trinik (Eg.5) F=0.0854¢!!582V)

Table 5. Average compressive strength and estimation compressive
strength of specimens

Average Average estimation compressive

Specimens compressive strength (MPa)
strength (MPa) | Eq.1 | Eq.2 | Eq.3 | Eq.4 | Eq.5
NO 36.24 35.3226.52|38.44|30.82 | 35.08
L1-50 21.12 15.06 ( 17.92|25.10{20.09 | 15.77
L1-100 21.63 24.84122.07 | 31.54 | 25.27|23.20
L2-50 13.85 10.64 | 16.0522.20 | 17.75 | 13.25
LL-100 9.17 x 932 |11.76] 935 | 7.09
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Fig. 2. Ultrasonic pulse velocities change due to increase stress
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