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Resumé: 1his poper describes results oj research on mjluence oj on interaction between 
two surjat:e corrosion dejects on limit pressure os a fonction oj corrfiguralion oj these 
dejects. 1his mjIuence was investigaJed 11II1T1erica/1y using finite element methxJ (FFM) 
ard experimenJaJy using strain-gauges analysis. 1he resu/ts help us to distinguish whether 
a graup oj corrosion deject on pipe-line DN 800 is to be consióered os a single Iorge 
deject or os severaJ single /oca/ dejects. Limit pressure was determined according to 
ANSJ/ASME sIardards. 1he new modification oj metlKXblogy, wmch predicts limit 
pressure has significant mjIuence on results accuronc.y. 1he resulting error between.ftrst 
evaJuation ard ex:perimenJaly obtained va/ue oj limit pressure was Iower then 5%. 

Introduction: 
The rnain goaI ofthe research was to describe (experimentaly and munericaly) interaction between 

Iarge surliIce corrosion defects on pipe-Iine surliIce. These types of corrosion defecls U&.JaIly have fonn 
,,single cup" (point defecls) or a ,,group of such cups" (surliIce defect). The parts with nominal wan 
1hicknes caIled bridges remain between these defecls. Pipe DN 800, with three exactly defined artifical 
defecls with bridges, was used es tested body in experimental strain ana1ysis. NominaI 1hickness of this 
pipe waIl, made ofX 60 steeI, was 10.6 mm. Three model defects caIled DEF 1 ,  DEF 2 and DEF 3 and 
two bridges, caIled BRIDGE 1 -2 and BRIDGE 2-3, with different length in piJ»line axis direction are 
plotted on Fig. 1 .  Dimmensions of the defecls and bridges are described on the same figure. This model 
was analysed using FEM and ANSI! ASME standard, too. 
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Experimenta/ strain ana/ysis: 
To detennine strains inside tbe defects and bridges 23 strain-gauges were installed (see 

Fig. 1 ) .  Stain-gauges HBM, types 6/1 20 LD 20 for large strains and 6/ 1 20 LY I I  for small 
strains were used for tbis analysis. Tbe first level of loading was tbe nominal operating 
pressure of 7.25 MPa. At tbis load level all strain-gauges inside the defects were in plastic 
state. Only strain-gauges away from defects have not reacbed yield point. Burst pressure was 
1 2 .0 MPa. Tbe point, at which tbe fracture was initiated, is located at tbe centre of DEF 2 .  
Fig. 2 presents typica! results of  strain-gauges measurement (strain gauges K S  i n  DEF 2)  by 
all pressuring cyc\es (O - 7.25 -O, O - 8 . 1 - O , 0 - 9 . 5  - O and 0 - 12 .0  [burst pressure]) MPa. 
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Single defects dect tbe pipe suďace as concentrators, wlůcb may be described by a 
coefficient a. These coefficients define tbeoretica1 maximwn value of quantity at a measured 
location in correlation witb tbe nominal value oftbe quantity. In elastic-plastic state we eva1uated: 

• Coefficient of stress concentration a", wlůcb defines tbe relation between elastic-plastic 

stress and nomina! stress. 

• Coefficient of strain concentration a., wbicb defines tbe relation between rea! strain in 

elastic-plastic range and nomina! strain. 
• Coefficient of concentration a 
For linear materia! tbe following relation must be satisfied: 

aa = a. = a  
ln elastic-plastic range we may use Neuber's relation : 

aa " a. = a2 

Examples of concentration coefficients in some detennined locations depending on tbe 
pressure are presented in Fig. 3 and Fig. 4. 
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Numeric stress analysis - FEM approach 

8 9 1 0  1 1  1 2  

Sinee artifical defects are analyzed, ANSYS Finite Element progranľs preproeessor was 
used to generate FE mesh. Computation itse1f was done through FEM-2 I I program, 
developed in

· 
Dept. of Elasticity and Strength of Materials, Faculty of Mechanical 

Engineering, CTU Prague. Both material and geometrie non-linearities are included in FE 
model consisting of 793 quadratie isoparametrie e1ements with 14 007 degrees of freedom. 
Results are stored in range from O to I I MPa for pressures. Comparison with the experiment is 
based on about 1 50 virtual strain gauges whieh provide meaningfull strains, when large 
deflection, large strains and updated Lagrangian-Jaumann stress rate tensor analysis scheme is 
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used, by exact simulation of line extension on FE structure suďace. Von Mises equivalent 

stress crHMH as a function oftbe longitudinal coordinate y is plotted in Fig. 5 .  
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ANSUASME standard app/ication 

The investigation of the model defect was evaluated by the ANSI/ASME standard 
application, see Fig. 6. Various combination of the defects DEF 1 ,  D E F  2 and DEF 3 
associated to points V1 - V4 in Fig. 6 were compared with the allowed lengths (using 
criterion ANSI/ASME B3 1 .G) and with the limit lengths (using the experimental CTU
curves). Its seems, that only one combination of defects (alternative V4 on the Fig. 6) is 
somewhat above the allowed length in accordance with the B 3 1 .G criterion, but it Iies 
bellow the experimental limit lengths. Having considered of the double defect with the 
narrow B R I DGE 1 -2 (a1ternative V2) behaves, as a consequence plasticity of the bridge, 
as a single long defect. Double defect with the wide B R I D G E  2-3 (alternative V3) shows 
the similar behaviour. The plasticity in the bridge appears near the limit pressure, when 
the nominal stress reaches almost the yield stress (this state is represented by the limit 
curve CTU P-B). The assesment of the defect as the long defect consisting of al\ three 
parts (alternative V1 ) was found conservative according to the experimental limit curves 
of CIV. AIternatives V2 and V4 are effective to evaluate limit pressure using 
ANSI/ASME approach 

Umit State 

Burst pressure was predicted using the methology explained in [ 1 ,2]. It is based on a 
hypothesis that tbe limit state of a damaged pipe is deternůned by tbe field of plasticity measure 
in its volume. Conclusion following from tbe metbodology application is: The limit pressure is 
probably in tbe range p = (1 2.2 ± 0.3) MPa. 
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1.  Experimental strain analysis shows that in the stretched localities plastic strain occurs when 

pressure reaches 3 . 5  MPa. The correspondence between strains evaluated via strain gauges and 

FEM is satisfactory. At pressure level 7.5 MPa the coefficient oftangential strains concentration 

is evaluated as 9 and tangential stress one as 2.8. Depending on the pressure, these coeflicients 

VlIl)' and satisfY Neuber' s criterion of constant value of its product (see Fig. 7). 
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2. Burst pressure was detennined as 12 MPa, crack propagation started at DEF 2. Pipe body, 

except defects, remained e1astic until Iirnit pressure was reached. Bum pressure prediction 

using plastic area methodology had 2% error. ANSI! ASME prediction error is about 10-30 %. 
3. Bridges with length less than twice the waIl-thickness must be inc1uded into the defect length. 

Defects with bridges longer than 4.5 times the waIl-thickness may be eva1uated as single ones. 
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Abstract in Czech: 

Předložený referát se týká řešení otázek vlivu sousedních plošných koromích defektů na 
memý tlak porušení s různou délkou spojovacích mlistků. Vzájemná interakce determinova
ných defektů ajejí vliv na memí tlak porušení bylřešen numericky metodou konečných prvků 
(MKP) a experimentálně pomocí odporové tenzometrle. Byly získány zálcladllí poznatky, 
umožňující posoudit pásovou skupinu plošných koromích defektů na potrubí DN 800 s 
ohledem na délkový rozměr můstku mezi defekty. Mezní destrukční tlak byl rovněž určován 
pomocí standardů ANS/lASME. Zdokonalování metodiky určování memího tlaku porušení se 
projevilo zpřesněním jeho odhadu, který se lišil od experimentálně zjištěného destrukčního 
tlaku o méně než 5%. 
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