Evaluare

Evaluarea capacitatii portante a unei camere de cocsare
dupa remedierea rezultata in urma unei avarii

The assessment portent capacity of a coxing box
after repair following a failure

Cuvinte cheie

Camera cocsare, invelis bimetal placat, fiabilitate, durata de
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1.

Introducere

a. Obiectul de studiu

Horia Mateiu', Traian Fleser?, Alin Murariu'
D Institutul National de Cercetare-Dezvoltare in Sudura si Incercari de Materiale - ISIM Timisoara,
? Universitatea POLITEHNICA Timigoara

Lucrarea are ca obiectiv evaluarea fiabilitatii si a duratei
restante de viata a reactorului (camerda de cocsare) dintr-o
instalatie petrochimica. Avaria inregistrata a afectat imbinarea
sudatd a Invelisului din otelul placat cu otel aliat. Evaluarea
carateristicilor de rezistenta si functionale a fost efectuata in
doua etape.

Aplicatia ,,Camera de cocsare” are urmatoarele caracteristicile

dimensionale si tehnice (figura 1, tabelele 1, 2):

Diametrul interior:

Lung. de calcul a
elementului cilindric:
Volumul nominal:

Fund superior/ inferior:
Grosimea de proiectare
(otel W 1.5423)

Adaos pentru conditii de
exploatare (placaj din otel
X6CrAll3, W1.4002):

Presiune maxima admisibila:

Presiune de lucru:
Presiunea de incercare
hidraulica (la varf):
Temperatura admisibila/
maxima admisibila:
Temperatura minima/
maxima de lucru:
Numarul de cicluri de
functionare:

Durata de functionare:
Izolatie termica:

. Expertizarea avariei

D=6200mm
L=18500mm

V=697m’
Stferic/Reductie conica
Sp=25mm

C1=3mm

PS=0,5MPa

PL= 0,4MPa
Pinc.=1,45MPa
TSrin/TSimax = 1288/758K
Toin/ Tnax = +303/+748K
1100 cicluri

60.000 ore
250/200 mm;

Avaria s-a produs dupa exploatarea timp de 60.000 de ore,
cand defecte de sudare de la fabricatie, amplificate de testul de
presiune hidraulica, au condus la propagarea fisurilor initiale
pana la dimensiuni macroscopice. Rezultatul a fost oprirea
functionarii. A fost efectuata inspectia, detectarea defectelor
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Keywords
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1. Introduction

a. Study object

The paper studies the assessment of the reliability and
remaining life of the reactor (coxing box) from a petrochemical
plant. The failure affected the welded joint of the lining (shell
plated with alloyed steel). The assessments of resistance and
functional characteristics were made in two steps.

The application “Coxing box” has the dimensional and
technical characteristics presented in Figure 1 and Tables 1 and 2.
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Figura 1. Aspectul camerei de cocsare/
Figure 1. The coxing box aspect

- Interior diameter D=6200 mm
- The calculus length of

the cylindrical element L=18500 mm
- Nominal volume V=697m’
- Superior/inferior bottom Spherical/ Conic reduction
- Thickness projected

(W 1.5423 steel) Sp=25mm
- Addition for exploitation

conditions (made out of

X6CrAl13, W1.4002 steel) Cl=3mm
- Maximum admissible

pressure PS=0.5MPa
- Work pressure PL=0.4 MPa

- Hydraulic test pressure Pinc=1.45 MPa
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Tabelul 1. Compozitia chimicd [ %] (pe otel lichid)/ Table 1. The chemical composition [ %] (on the liquid steel)

Marca otel/ Steel grade C Mn Si P S Cr Mo Al
16Mo5 max max
(STAS 2883/3-88) 0,12...0,20/0,50...0,80(0,15...0,30 0 035 0 035 - 0,45...0,65] 0,010...0,030
(W 1.5423) ’ ’
Abateri pe produs/ £0,02 +0,05 0,05 |+0,005| +0,005 ; +0,04 +0,005
Deviation from the product
X6CrAI13
SR EN 10088-2:2005 0,080 P 0 | ooso | oors [1200..1400 - 0,10...0,30
(W1.4002) ’ ’ ’ ’ ’
Abateri pe produs/ +0,01 +0,03 +0,05 |+0,005| +0,003 | 0,15 ; +0,05
Deviation from the product
Tabelul 2.a. Caracteristici mecanice./ Table 2a. The mechanical properties
Rezistenta la Limita de Limita de Limita de Alungirea | Energia de
tractiune/ curgere/ curgere/ curgere la rupere/ | rupere la/
Tensile Yield strength Yield Yield Fracture Charpy
Marca otel/ Steel grade* strength Re, Reni2o sau strength strength elongation | energy to
Rm 120 Rpo.2 Rpo 27450 Rpo,2/ 500 As 20°C
KV
[N/mm?] [N/mm?] [N/mm?] [IN/mm?] [%] [J]
16Mo5(STAS 2883 /3-88) . . . .
(W 1.5423) 440 + 540 min. 265 min. 157 min. 137 18 31
Notéa:* SR EN 10028-2/AC:2006 nu contine marca 16Mob.
Tabelul 2b. Caracteristici mecanice si tehnologice/ Table 2b. The mechanical and technological properties
Rezistenta la Limita de Limita de Limita de Alungire la | Energia de
tractiune/ curgere/ curgere/ curgere/ rupere/ rupere la/
Marca otel/ Steel arade Tensile Yield strength Yield strength | Yield strength | Fracture Charpy
arca ot 9 strength Rpo,z/zo Iong. Rpo,zlzo trans. Rp0,2/4oo elongation energy to
Rm 120 As 20°C
[N/mm?] [N/mm?] [N/mm?] [N/mm?] [%] KV [J]
X6CrAl13 SR EN 10088-2:2005 - ; ; ; ; nespecificat/
(W1.4002) 400 + 600 min. 210 min. 230 min. 190 min. 17 unspecified

(figurile 2, 3), respectiv remanierea prin sudare a acestora - Admissible temperature/

(figurile 4, 5). maximum admissible TSin/ TS max = 1288/ 758 K
- Minimum temperature /
maximum for work Tin/ Tinax = 1303 /4748 K
- The numbers of
functional cycle 60,000 hours
- Thermal isolation 250/200 mm

strat de umplere/
filler bed

Braking crack to outside

strat tampon/
Figura 2. Cupon 2 — vedere din exterior, cu fisura/ o ey, . blotter bed

Figure 2. Coupon 2 — exterior view, with crack

2. Reazultatul inspectiei la evaluarea avariei placajl lining

Caracteristicile actuale de rezistenta la temperatura ambianta
si la temperatura de exploatare sunt conforme cu specificatiile
de referinta. Otelurile identificate prin analize chimice corespund
marcilor indicate de proiectant.

Materialele inspectate nu prezintd degradari structurale
semnificative, produse in exploatare.

Incercarile mecanice de rezistenta si tehnologice de evaluare
a conformitatii, efectuate pe materialul celor doud virole au dat

Figura 3. Rupere prin sudura (detaliu virola 2, cupon 5)/
Figure 3. The path of crack through the weld
(ring 2 details, coupon 5)
b. The failure analysis

The failure has occurred after 60,000 hours of exploitation
when the welding flaws of fabrication, amplified by the hydraulic
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rezultate care indica ca acest material este imbatranit. Starea de
imbatranire se explica pe baza urmatoarelor caracteristici:

- valoarea ridicatd a raportului dintre Rp, »/ R, a metalului
de baza (otel 16Mo5), pe ambele directii de prelevare,

- tenacitatea scdzutd a materialului, aflatd la limita de
acceptabilitate pe directie perpendiculara in raport cu sudura,

- valoarea ridicatd a coeficientului de sensibilitate la
imbatranire (peste 50%).

Figura 4. Fisurd — Sudurd C12, la placaj, dintre
virola 2 si virola 3, cupon 1. proba M12/
Figure 4. Crack — Welding C12, on the plate between
ring 2 and ring 3, coupon 1, Sample M 12

Figura 5. Imbinare sudata C12 dintre virola 2 sivirola 3,
cupon 3, proba M3 (A-Strat de umplere; B-Strat tampon;
C-Traseu de propagare a fisurii/

Figure 5. Welded joint C12 between ring 2 and ring 3,
coupon 3, Sample M3 (A-Filler bed; B-Blotter bed;
C-Crack growth path

Pentru caracterizarea completa a materialului de baza (otel
16Mo5), utilizdnd date experimentale cantitative, au fost
efectuate incercdri de lunga duratda la fluaj si oboseala
termica.

Starea metalurgica actuald a materialelor virolelor 2 §i 3 nu
variaza semnificativ, fapt atestat prin structura si caracteristicile
mecanice obtinute prin incercdrile de scurtd durata. Totusi,
sensibilitatea la imbatranire este mai ridicata la virola 3.

Prin examinarile suplimentare macroscopice in zone fisurate
s-au identificat anomalii privind modul de realizare a sudurii de
montaj, dintre cele doua virole. In zonele cu fisura si ruptura,
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pressure test, led to the propagation of the initial cracks to
macroscopic dimensions. The result was the stopping of the work.
The inspection , the flaws detection (Figures 2 and 3) respectively
their reshuffle by welding were made (Figures 4 and 5).

2. The result of the inspection after failure

The actual resistance characteristics at ambient temperature
and at exploitation temperature are in conformity with the
reference specifications. Steels identified by chemical analyses
correspond to the steel grade indicated by the designer.

The inspected materials show no significant structural
degradations produced in exploitation.

The resilience and technological assessment tests performed
on the material of the ring indicate that this material is aged.
The aged state is explained by the following characteristics:

- the high value of the report Rp »/R,, of the base material
(16Mo5 steel), on both sampling directions

- the low toughness of the material which is at the
acceptability limit on perpendicular direction to the welding,

- The high value of the sensibility to aging coefficient (over
59%)

For a complete characterization of the base material (16Mo5
steel), using experimental quantitative data, long duration creep
tests and thermal fatigue tests were made.

The actual metallurgical state of the ring materials 2 and 3
does not vary significantly; these result from the structure and
mechanical characteristics obtained by short duration tests. The
aging sensibility is higher to ring 3.

From the supplementary macroscopic examinations the area
presenting cracks was identified as an abnormal one achieving
the repair welding between the rings. In the cracks and fracture
zone, the buffer layer is in contact with the working medium
and it is unprotected to a charge welding compatible with the
plate.

The bent test of the welded joint with the plate on the tense
fiber shows a low capacity to cold deformation. This can be
another complementary cause of the cracks initiated in the
passing zone between the plate and the welding to the plate.
The high thickness of the buffer layer, characterized by hardness
and high mechanical resistance and with the fragile constituents,
leads to the propagation of the initial cracks in the anticorrosive
layer.

3. The remaining life assessment — step 1

For the remaining life assessment of the material analyzed
after 60.000 hours and after the rehabilitation was made, the
expert system iRiS-Power [1] was used with the following
modules:

- iRiS-Material: database with physical and mechanical
characteristics of the materials including 16MoS5 steel,

- iRiS-Creep: for the creep assessment of the long technical
resistance,

- iRiS-Fatigue: for the assessment of resistance to fatigue at
773K,

- iRiS-TRD for the assessment of creep and fatigue
exhaustion and of the remaining life.

In the first step there were no results regarding the fatigue
tests at high temperature or creep tests . For the low-cycle fatigue
assessment in isothermal regime at 773 K from the database of
the iRiS-Material, experimental data were used on the same
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Fle Edt View Help

e
i’ T Temperatue 0] |

| 500,00 1,88 0,80

D 2 | 500,00 1.07 050

3| 500,00 086 0.40

Data Sheet 4| 500,00 200 0.30

5 | 500,00 1.3 058

@ 6 | 500,00 1.07 0,50

7| 500,00 0.75 0.45

Impart KLS 8| 500,00 00 037

9 | 500,00 050 030

10 | 500,00 0.34 0.20

1| 500,00 200 0.30

12 | 500,00 1.3 058

13 | 500,00 107 0,50

14| 500,00 0.75 0.45

15 | 500,00 059 0.30

16 | 500,00 0.50 0.30

17 | 500,00 0.3 0.20

18 | 500,00 185 081

19 | 500,00 151 082

n 50000 118 055

Stain Range | Measwred Stress | Strain Rate / min | E Modulus [MPa] | Mum. of Cycles | Selected | SetlD | PseudoElastic |

0.01 176.000,00 Moo W 1 001
001 176,000,00 5300 W 1 0|
0.0 176.000,00 130300 W 1 00|
00 176.000,00 6300 W 1 0|
0.0 176.000,00 W00 W 1 001
001 176.000,00 47300 W 1 0|
0.0 176.000,00 q700 W 1 0|
001 176.000,00 217500 W 1 00|
0.0 176.000,00 42000 1 o |
0.0 176.000,00 1872800 W 1 00|
001 176,000,00 500 W 1 00|
0.01 17600000 w0 W 1 00|
o0 176.000,00 47000 W 1 0|
001 176,000,00 0300 W 1 00|
0,01 176.000,00 217500 W 1 001
0.0 17600000 424100 W 1 00|
o0 176.000,00 1830200 W i 00|
0.0 176.000,00 2%00 W 1 00|
o0 176.000,00 500 W 1 o001
o0 176.000.00 6200 W il oot

Figura 6. Caracteristici la oboseala oligociclica izoterma/ Figure 6. The isothermal low-cycle fatigue characteristics.
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Figura 7. Curba de oboseald oligociclicd/ Figure 7. The low-cycle fatigue curve
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Figura 8. Curba de oboseald oligociclicd TRD/
Figure 8. The TRD low-cycle fatigue curve

stratul tampon este in contact cu mediul de lucru si a ramas
neprotejat de o sudura de incarcare compatibila cu placajul.
Incercarea la indoire a imbinarii sudate, cu placajul pe fibra
intinsa, a demonstrat capacitate scazutd de deformare la rece.
Aceasta poate fi o cauza complementara a initierii fisurilor in
zone de trecere dintre placaj si sudura la placaj. Grosimea mare
a stratului tampon, caracterizat prin duritate si rezistenta

grade of steel in different laboratories. The assessment is
conservative and the selection of 20 tests and the curves
determined from the statistical processing are presented in
Figures 6+8.

The results of the preliminary creep tests processed with the
expert system iRiS are presented in Figures 9 and 10.

The conclusions regarding the fatigue-creep analysis are:
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mecanica ridicatd, impreuna cu constituentii fragili, a favorizat
propagarea fisurilor initiate in stratul de protectie anticoroziva.

3. Evaluarea duratei de viata — etapa 1

Pentru evaluarea duratei restante de viatd a materialului
analizat dupa 60.000 de ore de functionarea si dupa efectuarea
reabilitarii s-a folosit sistemul expert iRiS-Power [1], cu
urmatoarele module:

- iRiS-Material: baze de date cu caracteristici fizice si mecanice
ale materialelor, inclusiv 16 Mo5,

- iRiS-Creep: pentru evaluarea la fluaj a rezistentei tehnice
de durata,

- iRiS-Fatigue: pentru evaluarea rezistentei la oboseald
oligociclicd la temperatura de 773 K,

- 1RiS-TRD: pentru evaluarea epuizarii la fluaj, la oboseala si
estimarea duratei restante de viata.

In prima etapa nu au existat rezultate privind incercarea la
oboseala la temperatura ridicata si nici ale incercarii de fluaj.
Pana la remedierea avariei s-au efectuat incercari de fluaj de
scurta durata.

Pentru evaluarea la oboseala oligociclica in regim izoterm la
773 K din baza de date generice a iRiS-Material s-au utilizat
date experimentale pe aceeasi marca de otel in diferite
laboratoare din lume. Evaluarea este conservativa, iar selectia
de 20 de incercari si curbele determinate la prelucrarea statistica
se prezinta in figurile 6+ 8.

Rezultatele incercarilor preliminare la fluaj extrapolate si
prelucrate cu sistemul expert iRiS se prezinta in figurile 9 si 10.

Concluziile preliminare privind analiza fluaj-oboseala —
etapa 1 sunt urmatoarele:

- Rezultatele obtinute se refera doar la otelul 16 Mo5,
esantionat pe virolele 2 si 3 din camera de cocs analizata si nu
iau in considerare posibilele defecte de material. in evaludrile
efectuate nu s-a luat in considerare influenta placajului, a
sudurilor si a defectelor acestora.

- Caracteristicile actuale la fluaj la temperatura de exploatare
(758 K), sunt conforme cu cele din specificatiile de referinta,
dupa o durata de exploatare de 60.000 de ore.

- Se considera ca degradarea prin oboseald termica este
neglijabila, avand in vedere determinarile analitice bazate pe
date generice. Totusi, tindnd cont cd materialul camerei de cocs
este solicitat simultan si la fluaj, caracteristicile la oboseala ale
acestuia pot fi afectate. Incercirile de oboseald termica pe
epruvetele prelevate din virolele 2 si 3, care sunt in curs de
realizare, vor permite o apreciere reald a nivelului de degradare
la oboseala.

- Analizdnd comportarea combinata la fluaj — oboseala, pe
baza rezultatelor partiale care vor fi finalizate in etapa a 2-a, se
estimeaza ca materialul 16Mo5 din componenta reactorului
poate fi utilizat in conditii de siguranta cel putin 5000 ore la o
tensiune efectiva de solicitare de 62,3 N/mm?.

4. Evaluarea duratei de viata si analiza
fluaj-oboseala — etapa 2

In etapa a 2-a s-au efectuat incerciri de oboseald termica in
regimul 333 — 773 K pe o selectie de 16 epruvete, iar rezultatele
introduse in modulul iRiS-Fatigue al sistemului expert se prezinta
in figura 11. Incercarile s-au efectuat pe instalatia de incercare
1IOT-2, proiectata si realizata la ISIM Timisoara [1, 2], respectand
cerintele standardului de incercare ASTM E606 si de prelucrare
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Figura 9. Rezultatele de fluaj extrapolate la 758 K/
Figure 9. Creep results to 758 K

Rezistenta de rupere la fluaj la 485°C, otel 16Mo5, marcaj 2/
Creep fracture strength at 485°C, 16Mo5 Steel, marking 2

1000 : <

—TRO: 485 C \,\
— = B0000 K
o EXP-Extrapolat 485 grd \

—— T \

R [MPa]
[ TTT]T

100

i : : i B N .
10000 tmy 100000
Figura 10. Rezultate la fluaj pentru exploatarea cu
minim 5.000 de ore/
Figure 10. The creep results for the minimum
5,000 hours of exploitation

- The results obtained refer only to the steel 16Mo5, ring 2,
3 from the coxing box and do not consider the possible flaws of
the material. In the assessments the influence of the lining,
welding and the possible existence of flaws were not taken into
consideration.

- Actual characteristics to creep at the temperature of 758 K
are according to those from the reference considering
exploitation duration of 60,000 hours.

- It is considered that the damage produced by thermal
fatigue is negligible. The material of the coxing box is
simultaneously loaded to the creep; the fatigue characteristics
can be affected. The fatigue tests on samples from rings 2 and
3 allow a real appreciation of the fatigue damage level.

- Analyzing the behavior creep-fatigue, from the partial
results which are to be finalized under safety conditions, at
least 5,000 hours at the effective tension of 62.3 N/mm?.

4. The remaining life assessment and the
creep-fatigue analysis-step 2

In the second step thermal fatigue tests were made in the
regime 333—773 K on 16 samples and the results introduced in
the module iRiS-Fatigue of the expert system are presented in
Figure 11. The tests were made on IIOT-2 installation projected
and realized by ISIM Timisoara.[1, 2], respecting the
requirements of the test standard ASTM E606 and of statistical
calculation [6, 7, 8]. In Figure 12 are presented the results from
the expert system for the projection curve determination TRD.
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statistica a rezultatelor [6, 7, 8]. In figura 12 se prezinti rezultatele
prelucrate de sistemul expert pentru determinarea curbei de
proiectare TRD.

8- % atipue - Data Sraer|

The remaining life assessment was realized with the iRiS
expert system. For remaining life respectively the creep and
fatigue exhaustion the modules of the expert system similar to
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Figura 12. Curba de proiectare la oboseala obtinuta din incercarile de oboseald termica, conform metodei TRD 301/
Figure 12. The projection curve to thermal fatigue from the thermal fatigue tests according to TRD 301 method

Evaluarea duratei restante de viatd s-a realizat utilizand
sistemul expert iRiS-Power. Pentru evaluarea duratei restante
de viatd, respectiv a epuizarii la fluaj si la oboseala s-au utilizat
module ale sistemului expert, similare etapei 1.

La evaluarea duratei restante de viata [3,4] utilizand sistemul
expert iRiS Power s-a luat in considerare relatia analitica de
verificare a capacitdtii portante a recipientului sub presiune
[ASME Code Section VIII]:

tinin = PR/(S*E—0,6°P) (M

unde:

t— grosimea minima de calcul (25 mm),

P — presiunea interioara (0,5 MPa),

R —raza minima interioara (3100 mm)

E —eficienta imbinarii (1 conform ASME Code Section VIII,

pag. 108),

S —tensiunea admisibild maxima (62,3N/rnm2).

Deformatiile maxime posibile nu depésesc 0,2% la limita de
curgere, iar tensiunea admisibila calculatd (S=62,3 N/mm?) nu
depiseste limita de oboseala de 213 N/mm?, determinata pe baza
datelor generice, prezentata in faza 3 (preliminar).

Pentru evaluarea duratei restante de viatd pe baza rezultatelor
incercarilor la fluaj, in figurile 13 si 14 se prezinta, in comparatie
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the step 1 were used. The remaining life assessment [3,4] using
the iRiS Power expert system was realized consulting the analytic
relation to check the loading capacity of the under pressure
recipient (ASME Code Selection VIII):

t,in - P*R/(S*E — 0,6°P) 1)

where:

t—the minimum calculus thickness (25 mm),

P —the interior pressure (0.5 MPa),

R —the minimum interior radius (3100 mm),

E —the weld efficiency (1 according to ASME Code Section

VIIIL, pag. 108),

S — the maximum admissible tension (623 MPa)

The maximum strain is less than 0.2% of yield strength, and
the admissible calculated tension (S=62.3 N/mm?) does not
exceed the fatigue limit 213 N/mm?, determined from the data
presented in the phase 3 (preliminary one).

For the remaining life assessment based on the creep tests
results, in Figures 13 and 14 are presented, in comparison with
the TRD curves at 758 K, the fracture resistance creep curves
determined experimentally on 27 samples from the reactor. The
assessments allude to the exploitation durations which are less
than 60.000 hours.
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cu curbele TRD la temperatura de 758 K, curbele rezistentei de
rupere la fluaj determinate experimental pe un numar de cate 27
epruvete prelevate din reactor. Evaluarile se refera la durate de
exploatare care depasesc 60.000 ore, realizate in momentul
prelevarii.

Rezistenta de rupere la fluaj la 485°C, otel 16Mo5, marcaj 2/
Creep fracture strength at 485°C, 16Mo5 Steel, marking 2
1000 —

TRD: 485C
| — — 60000 h [
@ EXP-Extrapolat; 485 grd

R MPa]

10 P )
10000 t[h] 10000C

Figura 13. Rezultate la fluaj pentru virola 2/
Figurel3. The creep results for the ring 2

Concluziile preliminare privind evaluarea duratei restante de
viata — etapa 2, sunt urmatoarele:

- Rezultatele obtinute se referd doar la otelul 16Mo5, cu
esantioane din virolele 2 si 3 ale camerei de cocs si nu iau in
considerare posibilele defecte de material. In evaluarile efectuate
nu s-a luat in considerare influenta placajului, a sudurilor si a
defectelor acestora.

- Caracteristicile actuale la fluaj la temperatura de exploatare
(758 K), sunt conforme cu cele din specificatiile de referinta,
dupa o durata de exploatare de 60.000 de ore.

- Se considera ca degradarea prin oboseala termica este relativ
redusd, numarul de cicluri restant rezultat din comparatia cu
curbele de proiectare pentru marcajul 3 este de maxim 1000
cicluri de solicitare (pornire-oprire).

- Avand in vedere cd incercarile de lunga durati la fluaj erau
in curs de desfasurare, rezultatele furnizate in aceasta etapa
sunt conservative. Analizdnd comportarea combinata la fluaj —
oboseald, pe baza rezultatelor obtinute pana in prezent, se
estimeaza ca materialul 16 Mo 5 din componenta reactorului
poate fi utilizat in conditii de siguranta cel putin 25000 ore la o
tensiune efectiva de solicitare maxima de 62,3 N/mm?>.

5. Evaluare durata de viata si analiza fluaj-
oboseala — date de fluaj finale — etapa 3

In figura 15 se prezinta rezultatele extrapolate la fluaj cu
sistemul expert iRiS-Creep.

Concluziile evaluarii duratei restante de viata — date de fluaj
finale — etapa 3, pe baza rezultatelor incercarilor la fluaj, se
prezintd in comparatie cu curbele TRD la temperatura de 485°C,
curbele rezistentei de rupere la fluaj determinate experimental
pe un numar de cate 34 epruvete prelevate din reactor (virola 2
si3) (figurile 16 si 17). Evaluarile se refera la durate de exploatare
care depasesc 60.000 ore, realizate in momentul prelevarii.

6. Concluzii

a. Rezultatele obtinute se refera la otelul 16 Mo5, esantionat
pe virolele 2 si 3 din camera de cocs §i nu iau in considerare
posibilele defecte de material nedetectate la inspectiile anterioare.
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The preliminary conditions for the remaining life assessment —
step 2 are:

- Results obtained are for the steel 16Mo5 with samples for
rings 2 and 3 from the coxing box and without considering the
material flaws. In the evaluations the influence of the lining,
welding and the flaws were not considered.

- Actual creep characteristics to exploitation temperature
(758 K) are according to those from the reference after
exploitation duration of 60.000 hours.

Rezistenta de rupere la fluaj la 485°C, otel 16Mo5, marcaj 3/
Creep fracture strength at 485°C, 16Mo5 Steel, marking 3
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Figura 14. Rezultate la fluaj pentru virola 3/
Figure 14. The creep results for the ring 3

It is considered that the degradation by thermal fatigue is
reduced, the number of remaining cycles resulted from the
comparison of the projection curves for the marker 3 is maximum
1000 cycles (start-stop).

- The long duration creep tests were not finished; the results
for this step are conservative. Analyzing the creep-fatigue
behavior, on the obtained results is estimated that the material
16Mo5 from the reactor can be utilized under safety conditions
at least 25000 hours to an effective maximum tension of 623 MPa.

5. The remaining life assessment and
creep-fatigue analysis — the final creep
data — step3

In Figure 15 are presented the results extrapolated to creep
with the iRiS-Creep expert system.

Tensiune/ stress [MPa]
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Figura 15. Rezultate finale la incercarea de fluaj cu
extrapolarea la 485°C/
Figure 15. The final creep tests with the extrapolation at 485°C

The failure conclusions to the remaining life — the final creep
data — step3, on the creep tests results are presented in
comparison with the TRD curves at 758 K, the creep fracture
curves experimentally determined on 34 samples from the reactor
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Evaluare

Evaluare

De asemenea, in evaludrile efectuate nu s-a luat in considerare
influenta placajului, a sudurilor si a defectelor acestora.

b. Caracteristicile actuale la fluaj la temperatura de exploatare
(758 K), sunt conforme cu cele din specificatiile de referinta,
dupa o durata de exploatare de 60.000 de ore.

c. Conform rezultatelor prezentate, se considerda ca
degradarea prin oboseala termica este relativ redusa, numarul
de cicluri restant rezultat din comparatia cu curbele de proiectare
pentru marcajul 3 este de maxim 1000 cicluri de solicitare (pornire-
oprire).

d. Analiza rezultatelor de fluaj efectuata in urma incercarilor
finalizate, conform figurilor 3 si 4 se apreciaza ca materialul
inspectat are caracteristici de rezistenta la fluaj superioare curbei
de proiectare TRD, pentru inca 40.000 ore de exploatare,
respectand conditiile de proiectare.

e. Analizand comportarea combinata la fluaj — oboseala, se
estimeaza ca materialul 16 Mo 5 din componenta reactorului
poate fi utilizat in conditii de siguranta cel putin 40.000 ore la o
tensiune efectiva de solicitare maxima de 62,3 N/mm?>.
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(ring 2 and 3) (Figures 16 and 17). The assessments show the
exploitation durations which are less than 60,000 hours.

Rezistenta de rupere la fluaj la 485°C, otel m16Mo5, marcaj 2/
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Figura 16. Rezultate la fluaj pentru virola 2/
Figure 16. The creep results for the ring 2

Rezistenta de rupere la fluaj la 485°C, otel 16Mo5, marcaj 3/
Creep fracture strength at 485°C, 16Mob Steel, marking 3
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Figural7. Rezultate la fluaj pentru virola 3/
Figurel7. The creep results for the ring 3

6. Conclusion

a. The obtained results are for the 16MoS5 steel, rings 2 and 3,
from the coxing box without considering the possible material flaws
undetected at the anterior inspections. In the assessments the
influence of the lining, welding and of the flaws was not considered.

b. The actual creep characteristics to exploitation temperature
(758 K) are according to the reference specifications after an
exploitation duration of 60,000 hours.

c. It is considered that the degradation by thermal fatigue is
reduced, the number of remaining cycles resulted from the
comparison of the projection curves for the marker 3 is maximum
1000 cycles (start-stop).

d. Analyzing the creep results performed it is assumed
(Figures 3 and 4) that the inspected material has the creep
characteristics superior to TRD projection curve for other 40,000
exploitation hours complying with the design conditions.

e. Analyzing the creep-fatigue behavior, on the obtained
results it is estimated that the material 16Mo5 from the reactor
can be used under safety conditions at least 40,000 hours at an
effective maximum tension of 62.3 N/mm?. | /E!)
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