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1. Introduction

Exploitation of steam pipelines during start-up, hydraulic tests overloads and other emergencies, the strains reach dangerous values at times exceeding allowable limits. In most cases, such loads are met in the zones of stress concentration also cracks and welded joints zones. Increase of loading frequency in a set of forth, above dangerous zones, causes fast growth of fatigue crack in construction, resulting its failure. The evaluation of such situations needs to meet criteria of material resistance to crack growths as a characteristics of fracture.
Certain characteristics, such for example as fracture toughness 
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, crack resistance curves 
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 and others criteria, on research of fracture, are used. In comparison of these relations, the plasticity resistance curve 
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 is more preferable than separate characteristics 
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, because it shows the internal relation between stress and crack growth at all loading cases, and gives the opportunity of getting fracture toughness characteristics 
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 or 
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 from the same graphic.

The present work was carried out in order to ob​tain experimental data of fracture such as crack resistance curves 
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 and fracture toughness characteristics 
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 and 
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 on specimens made from steam pipelines DU-300 and DU-630 welded joint materials. Mechanical characteristics of pipes steel its weld and heat affected zone metals are shown in Table.

Table

Mechanical characteristics of pipes main steel, weld and heat affected zone metal

	Pipeline index
	Pipe steel, weld and heat affected zone (HAZ) metal
	Test

temperature

T, oC
	Yield stress 
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, MPa
	Ultimate stress 
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,

MPa
	Poisson’s

ratio

(
	Young’s

modulus

E, MPa

	DU-300
	Steel 08X18N10T
	20
	309
	608
	0.35
	140300

	
	
	285
	232
	397
	0.35
	140100

	
	Weld metal welded manually and automatically by arc method with electrodes EА-100/10U or EА100/10T and wire metal Sv-0419N11M3
	20
	348
	627
	0.35
	151800

	
	
	285
	211
	464
	0.35
	140400

	
	Heat affected zone (HAZ) metal
	20
	283
	584
	0.35
	151500

	
	
	285
	240
	474
	0.35
	188800

	DU-630
	Steel 16GS
	20
	265
	572
	0.37
	174600

	
	
	285
	198
	645
	0.37
	142500

	
	Weld metal welded manually and automatically by arc method with electrodes UONI 13/55 and wire metal 
Sv-08GS2
	20
	364
	601
	0.37
	207100

	
	
	285
	260
	630
	0.37
	137400


2. Testing procedures

Testing procedure of 
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 curve is described in the American standard ASTM E1152-87 [1]. In the majority of tests compact specimens C(T) for tension or B(T) for bending are applied. Compact specimens (Fig. 1) of different sizes are applied. The standard offers the following thickness of specimens: 1/2T, 1T, 2T and 4T, where T=25.4 mm. The specimens have three basic sizes: length of a crack 
[image: image16.wmf]a

, thickness B and width W. In many cases there are accepted W=2В and а/W(0.5. Basic sizes of specimens B and W-а should exceed the size of plastic zone in advance of a developing crack minimum 50 times, otherwise the incorrect characteristics of fracture toughness will be received. Sizes of the test specimens depend on the thickness of material, from which they are made. Specimens of the size 1/2T and 1T have been used in our test, because the diameter of steam pipes from which they were made is 300 mm and 630 mm, and the thickness of walls – 15 mm and 27 mm. 

Factor of load asymmetry in cycle during precracking should not exceed 
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 and the length of a crack should not be less than 5% from 
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, but not less than 1.3 mm. Beside the definition of 
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 by the method of a compliance requires to observe condition 
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 is the distance from loading line up to the top of a crack. At 
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 the method of compliance loses sensitivity, and at 
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 the plastic zone will be much more increased and becomes too large. So, the ratio 
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 in our experiments varied within the limits 0.5-0.75.
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Fig. 1 General view of a specimen with side grooves

All specimens were cyclically precracked on testing machine YPC-200 [2] at loading frequency 16-20 Hz at load values 
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where 
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The procedure of precracking in details is described in [3].

3. Construction of J-R curves

The elastic compliance method using remote load line displacement measurements to develop J-R curve was carried out on a 250 kN tension-compression testing machine, the loading speed during unloading - reloading cycle was taken about 40 seconds [4].

An experimental definition of J-R curves (Fig. 2, curve 4) was investigated on specimens, made of pipes steel, weld and heat affected zone metal [4]. Schemes of cutting specimens are shown in Fig. 1.
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Fig. 2 J-R curve for steel 16GS at T=285°C, crack limits and the exclusion line: 1, 2, 3 - experimental results: 4 - theoretical curve
The J integral values ware calculated at all points of “load-versus-displacement” record using the equation
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where 
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 is elastic part and 
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 is plastic part of J integral.

For any cycle 
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 of unloading - reloading sequ​ence with coordinates 
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and 
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 =2.0+0.5222 
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By the method of compliance construction J-R curve does not require crack’s length measurement during the test, because the crack length is given from ratio 
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 which equal [5]
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where 
[image: image44.wmf](

)

B

B

B

B

B

N

e

/

2

-

-

=

.

In order to account the crack opening displacement in C(T) specimens for its rotation compliance was corrected, new values of 
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 were calculated and 
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 curves
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 versus 
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 were plotted [6].

An example of calculated 
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curve at T=285°C for specimen cut from pipe DU-630 steel 16GS. Averaged J-R curves for welded specimens in series cut from pipe DU-300 at elevated (T=285°C) temperature.

4. Conclusions 

1. Fracture toughness research has shown that side grooves on the specimens are necessary to receive straight crack front and initial ratio 
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 is preferable to give excellent sensivity of compliance measurement. 

2. Comparison of 
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 curves using two methods has shown that 
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 integral values for all investigated metals are similar, except steel 16GS at normal 
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 temperature and pipe’s Du-300 weld metal 
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 and varies from 73 to 88 kN/m.

3. Maximum 
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 values were for steel 08X18H10T, its weld and steel 16GS at normal temperature 
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, minimum – for steel 08X18H10T at elevated (285°C) temperature 
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. For other metals temperature of testing has not significant influence on 
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 values and were in the range 
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=109.1-131.8 MPa
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M. Jonaitis, P. Kamaitis, R. Petraitis

VAMZDYNŲ SUVIRINTŲJŲ JUNGČIŲ MEDŽIAGŲ 
SUIRIMO TĄSUMAS 

R e z i u m ė

Straipsnyje pateiktas Ignalinos VAE nuleidžia​mųjų ir grupinių paskirstymo kolektorių vamzdžių Du-300 bei šviežiojo garo garotiekio vamzdžių Du-630 pagrin​dinių metalų – 08X18N10T ir 16GS, jų siūlių, suvirintų rankiniu elektrolankiniu būdu elektrodais UONI 13/55, EA-100/10U arba EA-100/10T argono aplinkoje naudojant vielą Sv-08GS2 ir Sv-0419N11M3, bei vamzdžio Du-300 terminio poveikio zonos metalo suirimo tąsumo tyrimas. Taikant paslankumo kitimo kompaktiniuose C(T) tipo bandiniuose su smailiu nuovargio plyšiu matavimo metodiką, lėtai juos apkraunant, po to apkrovą pašalinant, buvo sudarytos atsparumo irimui 
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 kreivės, bei nustatytos kritinės 
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 integralo 
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 ir kritinio įtempimų intensyvumo koe​ficientų 
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 reikšmės normalioje (20oC) bei paaukštintoje (285oC) temperatūrose.


M. Jonaitis, P. Kamaitis, R. Petraitis

FRACTURE TOUGHNESS OF PIPELINES WELDED JOINTS MATERIALS 

S u m m a r y

This paper presents the investigation of fracture toughness of welded joint materials of steam pipelines DU-300 and DU-630 used in Ignalina NPP. Main pipes metal – 08X18N10T (DU-300), 16GS (DU-630), its weld metal welded manually and automatically by arc method with electrodes UONI 13/55, EA-100/10U or EA-100/10T using wire SV-08GS2 and SV-0419N11M3, also pipe Du-300 heat affected zone metal was tested. Sharp fatigue cracks in compact specimens were initiated and using compliance testing method crack resistance 
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 curves were develo​ped, critical values of 
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 integral 
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 and stress intensity factor 
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 at normal (20oC) and elevated (285oC) tem​peratures were also obtained.

М. Йонаитис, П. Камаитис, Р. Петраитис

ВЯЗКОСТЬ РАЗРУШЕНИЯ МАТЕРИАЛОВ СВАРНЫХ СОЕДИНЕНИЙ ПАРОПРОВОДОВ

Р е з ю м е

В настоящей работе приведено исследование характеристик вязкости разрушения металлов труб вы​пускных и групповых раздаточных коллекторов ДУ-300 и паропровода острого пара ДУ-630 на Игналинс​кой АЭС. Методом измерения податливости при мно​гократных нагрузках-разгрузках компактных образ​цов с усталостной трещиной, изготовленных из основ​ного металла труб – сталей 08X18H10T и 16ГС, их сварных соединений выполненных ручной электроду​говой сваркой электродами YOHU13/55, ЭА-100/10У или ЭА-100/10T с использованием проволок Св-08ГС2 и Cв-0419H11M3, а также из металла зоны термичес​кого влияния трубы ДУ-300, были получены данные сопротивления росту трещины в виде 
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 кривых. На основе экспериментальных данных определены ха​рактеристики вязкости разрушения – критические зна​чения 
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- интеграла 
[image: image74.wmf]IC

J

 и критические коэффициен​ты интенсивности напряжений 
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 при нормальной (20oC) и повышенной (285oC) температурах.
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