J Rec Const Resources 3(4)320-327(2015) Print ISSN : 2288-3320
http://dx.doi.org/10.14190/JRCR.2015.3.4.320 Online ISSN : 2288-369X

ElE zlol'd E232|EQ| =3ut K5 0|8et Zx S5 Mt
Suggestion for Concrete Strength Grade Using Ultrasonic
Velocity for Tunnel Lining Concrete
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This study implicates a quality evaluation technique for lining concrete using the ultra-sonic technique and proposed a classification for
quality evaluation. From the comparison of test results, an improved result comparable to the results by destructive test can be
obtained by using averaged transmission velocity of velocities obtained at pure space and central space between two sensors of
ultrasonic tester. It is also shown that strength evaluation by ultra-sonic method is not reliable and an evaluation according to the
transmission velocities can be improved method for the strength evaluation of concrete.
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Fig. 1. Schematic diagram for ultrasonic device(ASTM 1990)
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Fig. 2. Measurement for ultrasonic velocity(ASTM 1990)

Table 1. Type and specification for ultrasonic device

Product Type Specifications

PUNDIT | C.N.S Electronics LTD |- Detection time: 0.1~9999.s
- Frequency: 54kHz

- Weight: 3kg
TR-300 Techno - Temp.: 0~45C
Research - Resolution: +0.1/s

(a) PUNDIT

(b) TR-300
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Table 2. Tunnel and number of tests

Ultrasonic Schmidt
Core

Types hammer Sum
TR-300 | PUNDIT NR-Type numbers

A tunnel 21 47 45 48 161
B tunnel 26 22 18 40 106
Sum 47 69 63 88 267
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Table 3. Test results for tunnel A(lateral)

UV(km/sec)
Rebound| Core
P 1T TR-
UND LY (MPa) | (MPa)
0C 90C 0C 90C
4.0362 4.1429 27.3
3.2151 | 3.7203 | 4.0845 | 3.7662 | 30.5 24.1
3.9031 3.6250 28.6
4.3446 36.5
STA
040.0m 3.9005 28.3
3.9031 33.7
3.9189 3.8158 25.1
2.6740 | 2.3482 | 3.5366 | 3.5366 | 29.5
3.8133 4.2029 26.1
3.1956 3.1868 20.6
4.0390 | 3.5648 | 4.1429 | 44615 | 283 21.8
2.9517
3.8692 21.8
STA
0420.0m 4.0960 23.1
2.5163 21.3
3.5648 3.0526 18.6
3.9483 | 3.9563 | 4.0845 | 4.000 29.1 26.1
2.3284 33143 16.8
3.6802 2.1091 19.9
2.6703 | 3.3760 18.1 17.3
3.8978 4.0559 114
3.8978 2.3482 22.9
STA
0+45.0m 2.1053 28.1
2.8101 2.5778 21.4
3.6115 2.4786 20.4
3.3819 | 3.4689 16.4
3.9189
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Table 4. Test results for tunnel A(directional)
UV(km/sec)
Rebound Core
PUNDIT TR-300 (MPa) (MPa)
0C | 90C | 0C | 90C
STA
0+5.0m  |2.6173(2.0582|4.0278 | 4.0845 | 222
STA 4.6774 106
0+10.0m |22533(2.3616|4.5313 | 3.7391 21.3 ’
STA
10.5
0+25.0m 35627 18.3
STA
0+30.0m |2.0139(2.0251 15.4
STA 202
0+40.0m |3.7037(3.5583(3.7419|3.7179 | 19.4
STA
0+50.0m 37711 |3.4835 17.5
STA
0+55.0m |3.7444 20.7
STA
0+60.0m |3.9627|3.6432 22.0
STA 4.0028 42336 27.8
0+5.0m  |3.6849(2.8390|4.0268 | 4.0278 | 28.4
STA
19.6
0+10.0m |3.7859(3.5616|4.4961 | 3.9091 20.6
STA 9.4
0+30.0m |2.8813(2.9087 15.4 '
STA
0+35.0m |3.5758(3.3682 19.4
STA
0+40.0m |3.6250(3.1267|4.0559 | 4.0845 18.9
STA
0+50.0m  |3.7395|3.6547 19.2
STA 21.9
0+55.0m |3.9242(3.7958 25.3
STA 25.5
0+60.0m |3.8334|3.5714 22.0
3.8667|3.9536 22.9
Start  [3.6501|4.0055 27.0
4.224313.7638|4.5313 | 4.0278 | 29.8

HS5t 2402 LIERX|2E STA 0+25m2| 22 HTHA0| A PUNDIT

o ofst ZFATO| PP BYT o2 WEIUC], SR
e B, @3S nj2} 5 1271h0| SHS ARSI, S 9|
oMol Z50| 3, 20| WA IX| Y HOB EA EIUCY,
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80 Table 5. Test results for B tunnel(lateral and directional)
s0 UV (km/sec)
g " . . Rebound| Core
8 40 s . - - - -
i . . PUNDIT TR-300 (MPa) | (MPa)
5 . 0C | 90C | 0T | 90T
- 4.0475 | 39180 | 4.1429 | 4.0278 | 21.1 | 20.8
. 43511 | 4.2059 | 4.6774 | 4.4615
100 1 2 3 4 5 6 7 8 9 10 STA
Left Location Right 0+10.0m | 18880 | 1.5596 | 4.0845 | 34146
(@) STA 0+0.0m 3.9645 | 3.5258 | 3.7662 | 3.0714
50 4.0055 | 4.2090 | 4.1429 | 4.0845 | 282 | 289
. 5.8000 | 5.4976 | 4.7541 | 46774 | 285
3. . . : 27141 | 2.9234 | 2.9452 | 2.7215
£ > ) . STA 1) 8950 4.0907
3 osob ° . . 0+25.0m | — :
2 . . 2.8526 | 3.7736 | 4.2029 | 2.8667
1 3.9295 | 4.1607 | 4.1429 | 43939 | 195 | 222
B T R A L 4.1847 | 3.7444 | 3.9726 | 3.8667 | 20.6 | 183
Left Location Right
3.1351 | 2.2053 | 3.4524 | 2.6852
3.5583 | 2.8870 | 3.5802 | 3.5246
s 0+40.0m
- 4.000 | 3.6943 | 43939 | 3.3721
o4 3.6160 | 3.7108 | 3.8667 | 3.5366 | 18.0
Eael o ° . 7 0+0.0m | 4.0730 | 4.2836 | 4.1429 | 42029 | 20.1 19.7
37 . T . 0+5.0m | 3.8133 | 3.9590 | 4.0845 | 3.7662 | 16.4
ort ) 0+15.0m | 5.1011 | 5.2536 | 4.1429 | 42029 | 21.1
T e S T 0+20.0m | 42710 | 45207 | 41429 | 45313 | 273 | 275
Left Location Right

0+30.0m | 4.0028 | 3.9563 | 4.1429 | 4.1429 23.0 22.8
0+35.0m | 3.9672 | 4.0306 | 4.2647 | 4.0278 17.4

(c) STA 0+45.0m

Fig. 5. Ultrasonic velocity of A tunnel(lateral) 0+0.0m | 4.0362 | 4.0759 | 4.2647 | 4.2029 18.4
0+5.0m | 3.7638 | 3.9429 | 3.9189 | 4.0278 | 174 | 18.1
o 0+15.0m | 4.0559 | 3.9456 | 4.1429 | 4.0845 | 20.7 | 222
of 0+20.0m | 4.5850 | 4.8213 | 4.1429 | 41429 | 20.6
§ o - R 0+30.0m | 3.9972 | 4.0531 | 4.1429 | 4.0278 | 19.0
§ . ) 0+35.0m | 43840 | 3.9216 | 42647 | 4.1429 | 197 | 232
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Table 6. Comparison of ultrasonic and core strength(A tunnel)

55 ® PUNDIT
50 - . Loca- [AW|AW |AW |AW|AW |LW |LW |LW |RW|RW |[RW | RW
3. . . . : tion |1-2[2-2(2-8|32[3-8[22|42|7-2]|22|52]|9-2]|10-2
535 °
> a0 Core 24.1(21.8(26.1/17.3|16.4]10.6|10.5{20.2(19.6| 9.4 |21.9]|25.5
2. (MPa)
20 . uv
1 4.08|4.14]4.08|2.67|3.38|4.53|3.56|3.74|4.49(2.88(3.92 3.83
(kmy/sec)
100 1 2 3 4 5 6
Left ocation Right l(zcgr)n 27 129 (33|36 | 42| 27]37|38|30]40]|35] 39
(a) STA 0+10.0m 20
. (::)n 70| 6770 | 74 (79| 70 | 80 | 66 | 68 | 83 | 75 | 77
55
o . asem |46 1101 | 100] 127|119 | 93 {120 ] 111 | 100 [ 162 110 116
g0 . e . (1)
g d
<
z - . 6((;2)“ 142140 | 142 (217|171 | 128 | 162 | 155|129 | 201 | 147 | 151
25 d N
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Left Location Right
(b) STA 0+25.0m
6o 30
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E 35 . L4 A
; 30 . 10l R - A
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20
100 . 5 5 . - . 25 3.0 35 4.0 45 50
Left Location Right UV (km/sec)

(c) STA 0+40.0m

Fig. 7. Distributions for ultrasonic velocity(B

Fig. 9. Ultrasonic velocity and core strength(A tunnel)

tunnel, lateral)

Table 7. Comparison of ultrasonic and core strength(B tunnel)
> Loca- | AW | AW |AW | AW | LW | LW | LW | RW | RW | RW
sof LT . ton |1-1|1-5[25[31| 1 | 4|5 ]2 |36

Eii . - 8 s .
$ o . Core | 508]289(222] 183 (197|275 | 228 | 181|222 | 232
£ (MPa)
2 uv
> 414|414 |4.14]3.97 |4.14|4.14 | 4.14|3.91 | 4.14 | 4.26
. (km/sec)
Y e mE e s e Bem | 53 130 |31 |33 |33 |30 | 3333|3231
(1)
a) Left wall(1.5m from bottom
@ ( ) 30em sl 6 | 72| 70 [ 69 | 65 | 71 | 65 | 68 | 68
6.0 (MS)
wEEEE] 4&?)“ 114 | 104 | 106 | 104 | 105 | 106 | 114 | 104 | 104 | 98
T . N s
9 40 . . s . :
£ o5 : 60em 140 | 140 | 140 | 146 | 140 | 140 | 140 | 148 | 140 | 136
;:m (ﬂS)
325
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Fig. 8. Distributions for ultrasonic velocity(B tunnel, directional)
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