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Abstract

The reparation of vessel 970 is shown, since the risk is
very high (close to the worst case of both probability and
consequence, being the highest). Since the defect location
was not suitable for digging out and repair welding, it was
decided to make a circumferential stiffener, to reduce the
stress acting on the welded joint, so that both the stress
intensity factor and net stress are reduced significantly.

INTRODUCTION

After long-term operation, defects are found in welded
joints in pressure vessel 970, Fig. 1. Given the high price and
often the inability to purchase new working parts, there is a
need for repairs. As mentioned above, after a long exploita-
tion of the parts, defects are noticed, that can compromise
the integrity of the structure.

Kljuéne reci

posuda pod pritiskom
ukrutni prsten
zavareni spojevi
reparatura

* greska

lzvod

Prikazana je popravka posude 970, jer je rizik bio veoma
visok, blizu najgoreg slucaja verovatnoée i posledica. Kako
polozaj greske nije bio pogodan za iskopavanje i repara-
turno zavarivanje, odluceno je da se napravi ukrutni prsten,
kako bi se smanjio napon u zavarenom spoju, tako da se i
faktor intenziteta napona i neto napon znacajno smanjuju.

Repairing the pressure equipment is an efficient solution
to many problems, /1/, and requires both practical and
theoretical knowledge, especially for pressurized equipment,
[2-5/. Nowadays, these repairs are very accurate, thanks to
modern non-destructive testing devices and the precise deter-
mination of the size and position of defects, /1-5/. Figure 2
shows the pressure vessel 970, with the stiffener as a spe-
cial repair design solution.

Figure 1. The pressure vessel 970, before repair.
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Figure 2. The pressure vessel 970, after repair with stiffener.
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INSPECTION OF PRESSURE VESSEL 970

First inspection and testing of pressure vessel 970, as
shown in Fig. 1, was performed by NDT methods before
the repair with stiffener. Visual testing, magnetic particle
testing and ultrasonic method were applied. It is known that
ultrasonic testing is mostly used in the testing of pressure
equipment, which proves to be the most reliable technique
in detecting defects, /1-5/.

Vessels are made of microalloyed steel Nioval 50, with
pressure in vessel 970 p = 81 bar; thickness t = 50 mm; and
diameter D = 2150 mm. The vessel 970 was inspected by
100 % ultrasonic testing of two vertical and three circular
welded joints. Nine unacceptable indications (1.1-1.4, 5.1-
5.4 and 5.6), as well as one with an echo height above the
registration level (5.5) were detected.

After the final UT testing of the vessel 970, defects 1.4
and 5.6 were found out to be the most dangerous with the
following geometry and location;

— defect 1.4; length 35 mm and width / depth 22 mm in the

central circular seam, from 28 to 50 mm,

— defect 5.6; length 75 mm and width / depth 20 mm in the

central circular seam, from 18 to 38 mm.

Welded joints tested before repair, are shown in Figs. 3
and 4. Figures 5 and 6 show results of NDT testing for indi-
cations 1.4 and 5.6.

Figure 3. Tested welded joints (marked by red arrows) on vessel
970, before repair.

SPECIAL DESIGN SOLUTION FOR PRESSURE VES-
SEL 970

Risk-based analysis has been successfully used in recent
years to evaluate possible effects on pressure vessel safety,
/6-12/. As for the pressure vessel 970, since the risk was at
a very high level, close to the worst case of the probabilities
and consequences, and the position was not suitable for the
repairer by welding, it was decided to make a stiff ring in
order to reduce the stress on the welded joint, so that both
the stress intensity factor and the stress acting on the defect
5.6 become significantly reduced.
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Figure 4. Tested welded joint 5 on vessel 970, before repair.

Figure 6. Position and size of defect 5.6 in vessel 970.

The first thing that has been done is the calculation of
stresses and strains in the zone of the stiffener, which we
shall explain below.

Input data for pressure vessel 970:

— design diameter: @ 2200 mm,

— length (height): 4485 mm,

— volume: 13 mé,

— wall thickness: 50 mm,

— pressure: working 7.3-7.7 MPa, design 8.1 MPa.
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Calculation of stress and strain of vessel 970 for pressure
8.1 MPa:

ot = pD/2s = 8.1-2100/2-50 = 170.1 MPa, 1)
oz = pD/4s = 8.1-2100/4-50 = 85.05 MPa, 2
or=p =8.1 MPa, (3)
1 3 pR
Oj =$\/(0'Z —O'y)2+O'Z2+O'§ =7pT=147 MPa, (4)

where: ai, 07, or are stress components in the circumferen-
tial, longitudinal, and radial directions; and o; is total stress.
Strains are defined by:

3 pR
Ee, =0, —Vvo, —Vo, =——V-—— ) 5)
X X z y 2 ¢
Eey =0y —vo, —voy =[ _% _ptR ’ ©)
v pR 7
E¢, =0, —vo,—vo,=|1-— |—> )
z z y X ( 2 ¢

where: & &, & are strain components in circumferential, lon-
gitudinal and radial directions; E = 2.1.10° MPa is modulus
of elasticity; and v= 0.3 is Poisson’s coefficient.

After the finished calculation, the sheme for installation
and assembly of the stiffener on the vessel 970 are made,
Figs. 7-9. The first stiffener had 16 plates, the second one
17, all of them are 5x50 mm.
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Figure 7. Scheme of vessel 970 reinforcement with outer stiffeners.
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Figure 8. Schematic solution of flange joint for tightening rings.
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Figure 9. Schematic solution of connecting half of the rings.

After making the plan for the assembly and erection of
the stiffener, it was successfully installed on vessel 970.
Details are shown in Figs. 10-12.

Figure 11. Flange joint details.
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Figure 12. Stiffener bonding with 4 screws M30 (class 8.8).

INSPECTION OF PRESURE VESSEL 970 AFTER REPAIR

Only some details of the NDT inspection of vessel 970
after the erection of stiffener is presented. Figure 13 shows
details of NDT inspection of vessel 970. It should be noted
that after placing the stiff ring, the NDT methods show that
the defect on the vessel 970 has not changed.

e e -

Figure 13. Ultrasonic examination of vessel 970, after repair.

CONCLUSIONS

Defect 5.6 in vessel 970 presents a high risk, but in this
case removal by repair welding was not a practical solution,
so a special design solution is successfully made in the form
of a stiffener to reduce the stress.

ACKNOWLEDGEMENTS

This work is supported by the Ministry of Education,
Science and Technological Development of the Republic of
Serbia (Contracts No. 451-03-68/2022-14/200135 and No.
451-03-68/2022-14/200213).

REFERENCES

1. Jeremi¢, L., Sedmak, A, Milovanovié, N., et al. (2021), Assess-
ment of integrity of pressure vessels for compressed air, Struct.
Integ. Life, 21(1): 3-6.

2. Jovidi¢, R., Jeremi¢, L., MiloSevi¢, N., et al. (2021), Repair weld-
ing of pressure equipment with unacceptable defects, Struct.
Integ. Life, 21(2): 163-167.

3. Jeremi¢, L., Pordevi¢, B., Sapi¢, |., et al. (2020), Manufacturing
and integrity of ammonia storage tanks, Struct. Integ. Life, 20
(2): 123-129.

INTEGRITET | VEK KONSTRUKCIJA
Vol. 22, br. 3 (2022), str. 263-266

4. Jeremi¢, L., Sedmak, A., Petrovski, B., et al. (2020), Structural
integrity assessment of welded pipeline designed with reduced
safety, Tech. Gazette, 27(5): 1461-1466. doi: 10.17559/TV-202
00413142538

5. Arandelovi¢, M., Milovanovi¢, N., Pordevi¢, B., et al. (2020),
Reparation, inspection and damage analysis of steam boiler,
Weld. Mater. Test., XXI1X(3): 9-12.

6. Marti¢, 1., Sedmak, A., Mitrovi¢, N., et al. (2019), Effect of
over-pressure on pipeline structural integrity, Tech. Gazette,
26(3): 852-855. doi: 10.17559/TV20180708213323

7. Kirin, S., Jeremic, L., Sedmak, A., et al. (2020), Risk based anal-
ysis of RHPP penstock structural integrity, Frattura ed Integrita
Strutturale, 14(53): 345-352. doi: 10.3221/IGF-ESIS.53.27

8. Sedmak, A., Kirin, A., Marti¢, I., et al. (2020), Structural
Integrity and Life Assessment of Pressure Vessels - Risk Based
Approach. In: Mitrovi¢, N., Mladenovi¢, G., Mitrovi¢, A. (Eds)
Experimental and Computational Investigations in Engineer-
ing, CNNTech 2020. Lecture Notes in Networks and Systems,
vol.153. Springer, Cham. 274-293. doi: 10.1007/978-3-030-58
362-0_16

9. Jovidi¢, R., Algool, M.M.A,, Tati¢, U., et al. (2014), Storage
tank integrity assessment after the removal of weld defects,
Struct. Integ. Life, 14(1): 35-38.

10. Golubovi¢, T., Sedmak, A., Spasojevi¢ Brki¢, V., et al. (2018),
Novel risk based assessment of pressure vessels integrity, Tech.
Gazette, 25(3): 803-807. doi: 10.17559/TV-20170829144636

11. Vugeti¢, 1., Kirin, S., Sedmak, A., et al. (2019), Risk manage-
ment of a hydro power plant - fracture mechanics approach, Tech.
Gazette, 26(2): 428-432. doi: 10.17559/TV-20180618102041

12. Vugeti¢, 1., Kirin, S., Vudetié, T., et al. (2018), Risk analysis in
the case of air storage tank failure at RHPP Bajina Basta,
Struct. Integ. Life, 18(1): 3-6.

13. Sedmak, A., Jeremi¢, L., Milovanovi¢, N., et al. (2021), How
to deal with cracked welded structure - Application of fracture
mechanics parameters to structural integrity assessment, ASR
International Conference ‘Welding 2021, University Centre
UBB Resita, Romania

© 2022 The Author. Structural Integrity and Life, Published by DIVK
(The Society for Structural Integrity and Life ‘Prof. Dr Stojan Sedmak”)
(http://divk.inovacionicentar.rs/ivk/home.html). This is an open access
article distributed under the terms and conditions of the Creative Commons
Attribution-NonCommercial-NoDerivatives 4.0 International License

STRUCTURAL INTEGRITY AND LIFE
Vol. 22, No 2 (2022), pp. 263-266


http://divk.inovacionicentar.rs/ivk/home.html
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

