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Abstract - This work proposes an alternative pipe wall-thinning inspection method based on change of ei-
genfrequencies of shell vibration modes in wall-thinned pipes. It takes much time to detect wall-thinning of
pipes using ultrasonic thickness gauge and only a limited number of pipes are under regular inspection. In a
pipe with locally decreased thickness, stiffness varies along circumferential direction and natural frequencies
of shell vibration modes of the pipe change or frequencies of same modes bifurcate into two different values.
Therefore, one can monitor pipe wall-thinning by measuring change of natural frequencies or estimate
wall-thinning shape qualitatively. The feasibility of the proposed method was studied by FE vibration analysis
for wall-thinned pipes. Modal testing was also carried out for the pipes with artificial wall-thinned section to
verify the working performance of the suggested technique.
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Fig. 1. Schematics of cross-section of (a) a heal-
thy and (b) a wall-thinned pipe
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(a) 2nd shell mode
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(b) 3rd shell mode

Fig. 2. Shell vibration modes of a pipe
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Table 1. Thinning amount of 2-D wall-thinned
pipe models (outer diameter = 115 mm,
normal thickness = 13.5 mm)
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Table 3. 2-D wall-thinned pipe modes for the
analysis of the effect of thinning shape
on shell mode eigenfrequencies

Wall-thinned pipe set Wall-thinned pipe set
Model A B

no. (Thinning amount (Thinning amount
2.3 %) 10.0 %)

Healthy Wall-thinned pipe
pipe case A | case B | case C | case D
Thinning
amount 0 23 39 6.0 10.0
(%)
Cross @ ‘ ‘ \ \
section |\ N L ) /

Table 2. The analysis results for natural frequen-
cies of shell vibration modes of 2-D wall-
thinned pipe models according to thin-
ning amount

Wall-thinned pipe (Hz
Mode Hez.ilthy pipe (Hz)
no. pipe
' (Hz) case A | case B case C | case D
2823 2807 2821 2651
2 3215
3193 3118 2950 2795
7873 7888 7714 7355
3 8666
8483 8142 7875 7423
13952 13942 13938 13445
4 15651
15126 14517 14163 13539
(a) 2823 Hz (b) 3193 Hz

Fig. 3. Deformation shapes of 2nd shell vibration
modes of case A
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Table 4. The analysis results for eigenfrequencies
of shell vibration modes of 2-D wall-

thinned pipe models according to thin-

.

5

ning shape
Shell Model Set A Set B
mode
no.
no. f af f af
3053 2750
1 83 34
3136 2784
2 2042 2651
shell 2 238 144
mode 3180 2795
2823 2580
3 370 151
3193 2731
8347 7487
1 29 23
8376 7510
3 8139 7355
shell 2 296 68
mode 8435 7423
7873 7300
3 610 128
8483 7428
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Fig. 4. Test specimens of wall-thinned pipes with
short axial length

Log magnitude

—Normal specimen
---Wall thinnined specimen
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Fig. 5. Comparison of frequency response func-
tions of the healthy pipe specimen and a
wall-thinned pipe specimen

Table 5. The experimental results for natural fre-

quencies of shell vibration modes of test

specimens in Fig. 4 according to thin-

ning amount

Wall-thinned pi Hz
Mode Hez.ilthy nned pipe (Hz)
o pipe
’ (Hz) case A | case B | case C | case D
2802 2753 2750 2631
2 3169
3154 3062 2887 2769
7843 7793 7581 7306
3 8588
8431 8031 7737 7401
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Table 6. The experimental results for natural fre-
quencies of shell vibration modes of test
specimens in Fig. 4 according to thin-

ning shape
Set A Set B
Shell |\
mode o
no. ) f Af f Af
3065 2836
1 69 6
3134 2842
2957 2634
2 2 259 132
3216 2766
2802 2628
3 352 197
3154 2825
8512 7681
1 91 49
8603 7730
8399 7383
3¢ 2 292 85
8691 7468
7843 7370
3 588 106
8431 7476
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Table 7. Cross-section of wall-thinned straight and
curved pipe models and test specimens

t 4 Thinning amount

A (mm) | (deg) (%)

» . I 9.0 120 12.1
/ :i i \ I 8.0 160 19.5

M I 60 | 120 19.6
v | 30 | 9 200

v 3.0 120 26.7
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Table 8. The analysis results for natural frequen-
cies of shell vibration modes of wall-
thinned straight pipe models

Shell .
mode no. Analysis f Af
case
(m,n)
Healthy 3317 0
I 3200 3239 40
I 3137 3193 56
(3)]
1T 3147 3211 64
v 3051 3126 75
v 2983 3145 162
Fig. 6. The FE model for the analysis of effect Healthy 3440 0
of wall-thinning on change of natural I 3411 3411 0
frequencies of straight pipes. I 3396 3403 .
22
11 3398 3398 0
- - o v 3390 3407 17
" \Y 3386 3392 6
Healthy 4479 0
I 4265 4291 26
(@) m=2, n=1 (b) m=2, n=2 () m=3, n=1 I 4145 4167 22
23
L I 4211 4284 73
Fig. 7. Several shell vibration mode shapes of
the thin-walled straight pipe of case II v 4174 4300 126
of Table 7. \4 4119 4189 70
Healthy 8916 0
(2) 578 A3 vl . . I 8579 8718 139
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wall -thinned straight pipe models

Analysis case
Bending . .
mode no | Healthy Thin-walled pipes
pipe I i I v v
1 4738 4709 | 4605 | 4683 | 4734 | 4631
2 7949 7709 | 7463 | 7449 | 7511 7200
St 7}~ 83 A A21 A1% 2017 2
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Table 10. The test results for natural frequen-
cies of shell vibration modes of wall-
thinned straight pipe specimens

Shell Test
mode no. o f Af
case
(m,n)
Healthy 3360 0
1 3167 3204 37
I 3170 3205 35
@20
I 3148 3196 48
Fig. 8. The specimens for test of wall-thinning v 3016 3170 154
effect on eigenfrequency change of straig-
. g d 7 g £ \Y% 3035 3155 120
ht pipes.
Healthy 3490 0
ool B — 1 3445 3450 5
100 I 3440 3446 6
22
10 11 3421 3442 21
' v 3450 3468 18
e wdios . eetos b U v 3382 3410 28
(@
— : . e . Healthy 4560 0
T T
1 4330 4354 24
I 4244 4270 26
* 23)
I 4105 4230 125
f & v 3472 3770 298
\% 3945 4202 257
- Healthy 8506 0
1 8574 8782 208
i = I 8341 8560 219
®) (€AY
I 8122 8440 318
Fig. 9. Examples of (a) frequency response func- v 7912 8285 373
tions and (b) mode shapes measured at
thin-walled straight pipes. v 7467 7798 31
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Table 11. The test results for natural frequencies
of bending vibration modes of wall-thinn-
ed straight pipe specimens

Healthy Thin-walled pipes

pipe I I - v v
4856 4640 4540 4460 4256 4310
Table 12. The analysis results for natural fre-

quencies of shell vibration modes of a
healthy curved pipe model

Shell mode .
(mn) Natural frequencies (Hz)
2,2) 3445, 3462, 3493, 3501, 3612
2.4) 3978, 4240, 4274, 4431, 4433
2,5) 4932, 4998, 5590, 5777
Table 13. The analysis results for natural fre-

quencies of shell vibration modes of
wall-thinned curved pipe models

Analysis case
Shell
r(nodc; Healthy Thin-walled pipes
m,n, .
pipe I i I v v
2,4) 4240 4235 4221 4224 | 4126 | 4031
2,5) 5590 5511 | 5426 | 5380 | 5202 | 5268
Table 14. The test results for natural frequen-
cies of wall-thinned curved pipe spe-
cimens
Test case
No. Healthy Thin-walled pipes
pipe I I | I\ v
1 950 932 898 890 870 854
2 1760 1750 1692 1704 1662 1662
3 4255 4180 | 4110 | 4045 3742 | 3650
4 4446 4362 4235 4246 4190 4135
5 5108 4920 4850 4738 4726 4570
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Fig. 11. Test specimens of wall-thinned curved
pipes.
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