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Method to Estimate Pipe Wall Thinning Configuration
Based on Its Deformation under Internal Pressure

B RFERER LD RR BF #17

Toshiyuki MESHII Non-Member

In this paper, we proposed a method to estimate the configuration of wall thinning defects in pipes due to,
for example, flow accelerated corrosion (FAC). The method requires measurement of circumferential stress
distribution and internal pressure. The key issue is that the local circumferential stress and the corresponding
local wall thickness are not necessary in a simple relationship, as taught in the Strength of Material course.
We first point out that not only thickness but also the length of thinned area affects the local circumferential
stress. Then we derived a closed form equation to evaluate the stress considering the effect of the length of
thinned area. Finally, we proposed a method to estimate the thickness and length of the wall-thinned area by

using the closed form equation we derived.
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Fig. 1 Configuration of a pipe with local wall thinning.
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Fig.2 Loads and principal stresses of a pipe.
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Fig.3 Modeling a pressurized pipe
with partially thinned wall.
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Fig. 4 Comparison of stress distribution by Eq. (2)~(4) with
FEA results for wall-thinning configuration in Fig. 3 (a)
(Ra/t=18.0, BL=307, [8,=0230,4/t=0.5)
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Fig. 5 Comparison of stress distribution by Eq. (2)~(4) with
FEA results for wall-thinning configuration in Fig. 1 (Ry/t =
18.0, BL =152, B6,=0.230,4/t=0.5, 6/t =0.7)
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Fig. 6 Estimation of wall thinning length.

EMOMST=DT, &2 £ z < L2 OFPFATE
L7z 4 KD ok, KE), ITRAT D &Iz X0y
EBAAETED D, & LTERMARICOWTIE, A
METHHZ LY Ry~Ry & L, z=8RIZBIT A=
DHB I Wb ADEROZERM L 2=0D o V5
ZEiky, Q) @OERWCHEYEL B, B, tFTE
DAE 1 2 HAERI KD 5.

LULEDFEIC L 0 EE OTERTER., ), WEpH
BEFN D & TR 3(@) D BEAH I D\ T oyz) & 3l
DI LKV, nEWETDZ ENFEEL T,

Ble LT, K3@ICTHEp=1.25 MPa #%2i} 5 R./t
=277, t=10mm, AL=2970 (L =160 000 mm), #/t=

0.19, p6,=92.0 DEAFTAMEIZxIT % FEA IZ XL 5 oy2)
ZAV, RBELZFERIC LB ORIRG, n)EH
ELIRERER 1IORT. £RFMIS O 3 B
2B 71T MEERIEY V7R E=206GPa, T
v Y Uv=03E LCWB. 2B, ISHORIERRIT
PAz=0.290 (Az=15.63 mm) T 5.

FETHTEY, z=(S2NLR)EETHEING Poyds D
HEBRELTNEZ ERFHARNS. Proo XK
ZPHRIC K VROTEFER, R 1LIORT XIS
T 1.24%0D%, ZLTCIDEERAWTERR L=F1E
WX DHEE UTe n I XEEICS L 0%0E &, BRE SIC
WEBEN D72 b b 5T, LWERNE LR
7o FAREORERIE, RQ)-@)DERILORHEL 72 5
WA ORER /1> S BENME SN ABL, Z21LT
JEFSAD z FENCBICEHI SN B RY, BEES
EbTFmohs.

Table 1 Estimation of (8, #) in Fig. 3(a) by the
proposed method (R,/t=27.7, ¢=10mm, AL=2 970,
t/t=0.19, £8,=92.0).
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Fig. 7 3rd order differential coefficient of circumferential
stress of a cylinder in Fig. 3 (a) (R./t =27.7,
BL=2970, 1/t=0.19, BS,=92.0).
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Fig. 8 Circumferential stress distribution of a cylinder in
Fig. 1 B-B plane (R,/t=27.7, t=10mm, ABL=2970,
tl/t=0.l9, tz/t=0.3,ﬂ51292.0)
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Fig. 9 Circumferential stress distribution of a cylinder in
Fig. 1 B-B plane (R,/t=27.7, ¢=10mm, BL=2970,
H/t=019, t/t=03, 58,=92.0)

Table 2 Estimation of (&, ) in Fig. 1 B-B plane by the
proposed method (R,/t=27.7, ¢t=10mm, BL=2970,
11/t=0.19, tz/t:0.3, ,Bé'z=920)

52 / 2 ¢ 1
Actual mm|2500 | 1.9

Estimation mm | 2469 | 1.91

Difference % | 1.24 0.7
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