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Synopsis

A novel noncontact thickness gauging equipment, which aims to inspect underwater steel
structures in ports, was developed. Non-contact measurement is efficient inspection method
compared with conventional contact measurement. Wideband ultrasonic transducers with large
aperture were developed as a key device for noncontact measurement. High power ultrasonic pulse
radiated from the transducer is focused on the surface of the objective structure, and travels inside
along thickness direction. Then, many reflections occur at boundary surfaces such as between water
and steel. The reflections are called multiple reflections. In this report, detection of the reflections
makes noncontact measurement possible. To verify the validity of this measuring principle, test tank
experiments were carried out. Steel plates of varied thicknesses, from 8.5 mm to 28 mm, were
measured by the test tank experiments. Thicknesses with up to 0.5 mm error were obtained. In
addition, steel plate attached shells was successfully measured with the same accuracy. The results
showed the validity of the proposed method. Positional relationship, distance and angle between the
object and the transducer, was also evaluated. The transducer should be held at the distance from
250 mm to 450 mm and the angle up to 3 ° from the results. Next, test tank experiment with
full-scale model of steel pipe pile and field tests at Tanoura wharf were carried out for verification
of practicality. The measurements were performed by a diver. Consequently, the noncontact
thickness gauging equipment which consists of a transducer, amplifier, watertight tank and analyzer
was developed for the diver measurements. Thicknesses of objectives were measured. The obtained

errors were less than 1 mm. The ability for practical use was confirmed by the results.
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EEEE - IAS DY - FERE

x-A 1 EEEOBPEMRK (H21/2/12)
TR BEK 1710 K =K T TR
FAHAABS B | ks | AR | k= | AW | e | BH | &S | B | Kz | BE TRIR

(m) | (sec) | (m) | (sec) | (m) | (sec) | (m) | (sec) | (m) () [ (em/s)
2009/2/12 11:00 269 0.14 3.0 0.20 3.4 0.26 34 0.33 40 1364 85 16.3
2009/2/12 11:20 288 0.18 29 0.26 3.0 0.33 3.0 0.46 29 13.56 81 10.6
2009/2/12 11:40 228 0.15 3.0 0.21 3.2 0.26 3.4 0.32 34 13.46 85 9.7
2009/2/12 12:00 270 0.18 3.0 0.28 3.1 0.36 3.2 0.53 3.3 13.34 86 94
2009/2/12 12:20 269 0.17 3.1 0.26 3.5 0.33 3.7 043 41 13.17 85 114
2009/2/12 12:40 270 0.17 29 0.25 3.0 0.32 3.0 0.49 30 1297 81 53
2009/2/12 13:00 267 0.16 2.8 0.23 29 0.28 29 0.35 27 1274 82 6.9
2009/2/12 13:20 253 0.12 3.1 0.18 34 0.23 3.4 0.37 35 1249 87 11.8
2009/2/12 13:40 290 0.22 3.2 0.38 3.5 0.59 3.8 0.94 411 1222 86 13.7
2009/2/12 14:00 294 0.15 3.0 0.21 3.3 0.27 3.1 0.36 29 11.95 87 16.1
2009/2/12 14:20 277 0.16 3.4 0.26 3.8 0.33 3.9 043 55 11.67 88 18.8
2009/2/12 14:40 291 0.17 3.1 0.27 34 0.36 3.5 0.54 3.3 1147 86 141
2009/2/12 15:00 293 0.14 29 0.23 3.0 0.35 3.2 0.56 3.1 11.29 88 17.7
2009/2/12 15:20 226 0.12 2.8 0.17 29 0.21 2.7 0.26 21 11.08 88 16.4
2009/2/12 1540 283] 014[ 29| o021 28] o026] 28 034 27 108y 87| 102
2009/2/12 1600  269| o016] 30| o024] 32| o020 32| 037 23 1070] 206 10

®-A 2 E&EEFO[EMEK (H21/2/13)
TR BER 1710 KK =AIK T FHTRE
FAHBRD ER | ks | A | Ee | B | Bs | BH | &ks | AY | ki | FE | Gk

(m) (sec) (m) | (sec) (m) | (sec) (m) | (sec) (m) () | (cm/s)
2009/2/13 11:40 303 0.24 29 0.34 3.1 0.40 3.1 0.52 3.1 13.56 85 10.1
2009/2/13 12:00 292 0.25 3.0 0.36 3.1 0.44 3.1 0.55 33| 1348 82 1.7
2009/2/13 12:20 297 0.23 3.1 0.34 3.3 0.43 3.3 0.58 3.3] 13.38 81 7.0
2009/2/13 12:40 294 0.25 3.2 0.35 3.3 043 3.2 0.54 3.1 13.27 82 12.7
2009/2/13 13:00 276 0.24 3.1 0.35 3.3 0.42 3.2 0.57 3.3] 13.08 83 10.5
2009/2/13 13:20 284 0.23 3.1 0.33 3.1 0.41 3.2 0.53 26| 1287 85 10.3
2009/2/13 13:40 297 0.24 3.1 0.35 3.3 0.46 32 0.91 32| 1264 86 14.9
2009/2/13 14:00 283 0.20 3.1 0.30 3.3 0.37 3.2 0.48 36| 1241 83 13.5
2009/2/13 14:20 269 0.15 3.1 0.21 34 0.24 34 0.30 23] 1216 82 10.6
2009/2/13 14:40 280 0.18 3.1 0.26 3.2 0.34 3.6 0.54 36| 1194 84 10.6
2009/2/13 15:00 265 0.16 3.0 0.24 3.2 0.32 3.0 0.49 23] 11.73 80 8.0
2009/2/13 15:20 264 0.13 29 0.20 3.1 0.25 3.1 0.41 22| 11.52 83 104
2009/2/13 15:40 244 0.12 2.9 0.17 3.2 0.22 3.2 0.28 23] 11.31 83 11.3
2009/2/13 16:00 267 0.14 3.0 0.21 3.2 0.29 3.4 0.51 48] 11.13 82 9.6
2009/2/13 16:20 262 0.16 3.0 0.23 3.1 0.30 3.1 0.47 32| 1092 79 24
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7K P A 14 D FEHE At A S RE 4 D B 56

F-A3 WEEOBPEMR (H21/3/3)
TR BER 1/108 KK =KIR T TR
FAARS BR | ks | Y| ks | A | &= | AY | &S | BAY | K | FE | FaE

(m) (sec) (m) (sec) (m) (sec) (m) (sec) (m) () | (em/s)

2009/3/3 9:20 280 0.25 29 0.35 3.2 0.44 3.2 0.67 3.6] 1252 266 8.9
2009/3/3 9:40 275 0.26 3.0 0.37 3.3 0.46 3.4 0.59 26| 1266 271 11.6
2009/3/3 10:00 279 0.20 3.0 0.28 3.2 0.34 3.5 043 3.7] 1276 266 221
2009/3/3 10:20 257 0.22 3.1 0.31 3.3 0.39 3.3 049 35| 1295 265 25.3
2009/3/3 10:40 254 0.21 29 0.32 3.1 0.43 3.1 0.77 3.1 13.10 266 20.5
2009/3/3 11:00 241 0.21 3.0 0.30 3.3 0.37 35 0.45 3.1 13.23 266 22.6
2009/3/3 11:20 234 0.19 29 0.27 3.0 0.34 3.0 045 3.3] 13.31 265 225
2009/3/3 11:40 254 0.21 29 0.29 3.1 0.35 3.0 044 39| 1341 264 21.3
2009/3/3 12:00 257 0.20 3.0 0.29 3.2 0.36 3.2 0.50 29| 1344 264 21.4
2009/3/3 12:20 260 0.21 3.1 0.31 34 0.39 3.7 0.53 3.6] 1345 267 17.3
2009/3/3 12:40 257 0.23 3.1 0.32 3.3 0.41 3.3 0.62 3.2 1345 269 12.2
2009/3/3 13:00 266 0.26 3.1 0.37 34 0.45 3.5 0.57 43| 13.39 269 8.3
2009/3/3 13:20 270 0.25 3.0 0.37 3.2 0.46 3.2 0.59 3.3] 13.28 268 10.8
2009/3/3 13:40 266 0.25 3.0 0.35 3.2 0.42 3.2 0.55 28| 13.17 277 6.3
2009/3/3 14:00 261 0.24 3.1 0.34 3.2 0.42 34 0.65 41 13.02 292 3.0
2009/3/3 14:20 256 0.22 3.1 0.33 3.3 0.42 3.5 0.56 33| 1284 327 0.1
2009/3/3 14:40 273 0.20 3.0 0.27 3.1 0.33 3.2 0.40 26| 1267 70 2.7
2009/3/3 15:00 273 0.21 29 0.30 29 0.41 3.0 0.59 3.2 1252 61 8.9
2009/3/3 15:20 268 0.20 3.2 0.29 3.3 0.40 3.6 0.68 3.6] 1232 73 134
2009/3/3 15:40 286 0.20 29 0.28 3.2 0.35 3.4 047 10.0f 12.11 Al 14.6

xK-A 4 FE&EEFOWEMEK (H21/3/4)
R ARR 17108 KR =KIK T FEHRE
FAHBRD B | ks | A | ks | A | Es | AY | &S | BH | K | FE | R

(m) | (sec) | (m) | (sec) | (m) | (sec) | (m) | (sec) | (m) (BE) | (ecm/s)

2009/3/4 9:20 264 0.26 29 0.38 3.0 0.48 3.1 0.63 32| 1217 279 15.3
2009/3/4 9:40 280 0.31 3.0 0.47 3.2 0.60 32 0.84 21 12.36 280 15.6
2009/3/4 10:00 260 0.26 3.0 0.38 3.0 0.45 29 0.51 3.1 12.47 281 12.3
2009/3/4 10:20 266 0.26 3.0 0.37 3.3 0.44 3.2 0.55 22| 1258 280 11.1
2009/3/4 10:40 269 0.23 2.8 0.34 2.7 043 2.8 0.65 25| 1263 280 13.2
2009/3/4 11:00 252 0.24 3.0 0.35 3.2 0.46 32 0.59 23| 1266 279 17.9
2009/3/4 11:20 235 0.21 2.9 0.31 3.1 0.37 3.3 0.47 3.1 12.75 280 24.2
2009/3/4 11:40 241 0.24 3.0 0.34 3.2 043 3.3 0.64 41 12.85 280 21.0
2009/3/4 12:00 248 0.27 3.1 0.39 3.5 0.49 3.6 0.58 40| 1293 280 20.4
2009/3/4 12:20 240 0.21 3.1 0.32 3.2 0.40 35 0.55 38| 1297 281 19.0
2009/3/4 12:40 256 0.26 3.1 0.39 34 0.52 3.3 0.76 47] 1298 280 20.1
2009/3/4 13:00 240 0.19 2.9 0.28 3.2 0.36 29 0.50 30| 1297 2717 25.2
2009/3/4 13:20 235 0.23 3.0 0.32 3.5 0.39 35 0.54 33| 1293 277 20.2
2009/3/4 13:40 237 0.19 3.0 0.28 3.2 0.35 3.1 0.50 24] 1289 273 11.1
2009/3/4 14:00 224 0.20 2.9 0.30 3.2 0.40 3.2 0.80 36| 1280 273 7.5
2009/3/4 14:20 232 0.19 3.0 0.27 3.3 0.34 3.2 0.47 32| 1281 183 1.8
2009/3/4 14:40 216 0.20 3.0 0.30 3.2 0.37 33 0.58 42| 1271 106 5.0
2009/3/4 15:00 245 0.26 3.1 0.38 3.3 0.51 3.3 0.64 34| 1257 114 3.1
2009/3/4 15:20 242 0.22 2.9 0.32 2.9 0.42 3.1 0.59 24 1246 111 2.3
2009/3/4 15:40 233 0.19 2.8 0.27 29 0.33 30 0.39 23] 1239 106 9.6

—107—




EEEE - IAS DY - FERE

T8B BEREHFIC&L D EMARARIE

B. 1 /Keh{EXIREHIFKIE

BE IR A5t 2 HI T, BERR O HAE UG RN o> #2fid:
ROREREZIT> 7. WEAKEIE, K T-0.50 m,
-1.50 m, -2.50 m, -3.50 m, —4.50 mD5KHEE Liz.
ERIE, BIEKEEICLEX3EE L, ZDOFHEBAK
JB& Uiz, WERKREFR-D NIRRT,
KIEEROFHAEIL, 7.68 mm ~ 9.56 mmTdH - 7-.
FABAR O SE O AFRHIEIL. 0 nmmTH Y, SHEHIA
KRB RSN TNDD, BRLARVKRILTHD.
FEFATIE B D& A LI JRRNE, FEH L7 = 2

REBSEIM OIS LT ThH 72l L BEZ b D.

PR RED H DA T, TOREEPFLNRP T,

#£-B.1 AEHEME (H21/1/29)

R Ak e SARE (um)

(m) 1E | o2@EA | sEe | oy
JKifi F_—0.50m 9.63 9.29 7.47 8. 80
JKifi K ~1.50m 10. 41 10. 50 7.78 9. 56
/K K =2.50m 10. 54 7.36 7.30 8. 40
/K K —3.50m 9.42 7.54 7.96 8.31
JKifi K —4.50m 7.91 7.53 7. 60 7.68

SAABI D IE HL O AFRAE © 9. Omm

B.2 HEEFE

AE RG22 VT, BB S R AR,
BT 5 RE iR E L) ol L 2 ARIEZ
To7c. BEMIE, HIEKEEICIEX3EE LT, £0
VR EBARIEL Lc, WEHEMSREZR-6, R-TITR
N

=-B.2 MW 7 SR AENEREE (H21/2/13)

HE K BAAE  (mm)

(m) 1mg | omp | sEE | F oy
1B¢H (4+1.0m) 8.19 8.21 8.01 8. 14
2B¢H (40.0m) 8.45 9.31 8.77 8. 84
3BtH (—1.0m) 8.75 8. 60 8. 80 8. 72
4B¢H (—2.0m) 8.95 8. 77 8.73 8. 82
5BtH (—3.0m 9.10 9. 70 9.25 9. 35
6BxH (—4.0m) 9.80 9.45 9.64 9. 63
7BH (—5.0m) 9.45 9.80 9.12 9. 46
8BrH (—6.0m) 9.15 9. 56 9. 60 9. 44
9BtH (—7.0m) 9.80 9. 64 9.45 9. 63
10 B¢H (—8.0m) 9.56 9. 63 9.25 9.48
11 B¢H (—9.0m) 9.30 9.49 9.23 9.34

#-B.3 HIFH 4 5 REREME (H21/3/4)

WA e AP ()

(m) 1 | o2ma | osme [ ¢
1B H (—1.0m) 27. 37 27.37 27.71 27. 48
2 BH (—2.0m) 27.77 27.73 27.82 27. 77
3E¥H (—3.0m) 27.86 28. 04 27. 86 27.92
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