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Methods of radiographic examination Z 3104-1995

for welded joints in steel

1. Scope This Japanese Industrial Standard specifies the methods of radio-
graphic examination for welded joints in steel by the direct radiography by X-ray
or yray (hereafter referred to as "radiation") using X-ray films for industrial use.

Remarks 1. The standards cited in this Standard are as follows:

JIS G 3101 Rolled steel for general structure

JIS G 4304 Hot rolled stainless steel plates, sheets and strip

JIS G 4305 Cold rolled stainless steel plates, sheets and strip

J1S K 7652 Photography — Density measurements - Part 2:
Geometric conditions for transmission density [1SO

_ 5-2: 1991]

JIS K 76563 Photography — Density measurements - Part 3:
Spectral conditions {ISO 5-3: 1984]

JIS Z 2300 Glossary of terms used in nondestructive testing

JIS Z 2306 Radiographic image quality indicators for non-
destructive testing

JIS Z 3861 Standard qualification procedure for radiographic
testing technique of welds

JIS Z 4560 Industrial y-ray apparatus for radiography

JIS Z 4561 Viewing illuminators for industrial radiograph

JIS 7 4606 Industrial X-ray apparatus for radiographic testing

The corresponding International standards of this standard are
given in the following:

ISO 1106/1 :

ISO 1106/2 : 1985

ISO 1106/3 :

ISO 5579 : 1984

1984 Recommended practice for radiographic
examination of fusion welded joints — Part 1:
Fusion welded butt joints in steel plates up to
50 mm thick '

‘Recommended practice for radmgraphlc
examination of fusion welded joints — Part 2:
Fusion welded butt jeints in steel plates
thicker than 50 mm and up to and including
200 mm in thhickness

1984 Recommended practice for radiographic
examination of fusion welded joints — Part 3:
Fusion welded circumferential joints in steel
pipes of up to 50 mm wall thickness

Non-destructive testing — Radiographic
examination of metallic materials by X- and -
gamma rays — Basic rules
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2. Definitions - The definitions of principal terms used in this Standard shall .
be in accordance with those gwen in JIS Z 2300 apply, and others shall be as
specified in the following:

(1) thickness of base metal The nominal thickness of steel being ﬁsed When .
the thickness of the base metal is different on both sides of the Jomt as a rule,
- .the smaller value of the thickness shall be taken.

(2) test part The part including the weld metal and the heat affected zone
' under examination.

3. Kind of image quality of radiograph The image quality of the radiograph
shall be classified into 5 kinds of class A, class B, class P1, class P2 and class F.
Class A can be obtained in the regular radiographic technique, and class B can

be obtained by the radiographic technique with greater sensitivity in the detection
of flaws. Class P1 is the regular image quality obtained when one side of the’
circumferential welded joint in the steel pipe is radiographically examined and
class P2 is the regular image quality when both sides of the circumferential welded
joint in the steel pipe is radiographically examined, respectively, with respect to
the radiographing method where the radiation penetrates double walls of the pipe
of the circumferential welded joint in the steel pipe. Class F is the regular image
quality obtained by the radiographic examination of T welded joint.

" Those image gualities shall be applied as shown in Table 1 according to the -
type of the welded joint.

Table 1. Cla551ﬁcation of applicatioﬁ of image quality of radiograph

Type of welded joint Kind of image quality ‘

Butt welded joint in steel plates and * | Class A, Class B
other welded joints deemed as equivalent
thereto in geometric conditions in the
radiographic examination

" Circumferential welded joint in steel pipes | Class A, Class B, Class P1, Class P2’

' T-welded joint in steel plates , Class F

4. Examination engineer: The examination engiileerc in charge of radiographic
testing shall be those who passed the tests in accordance with JIS Z 3861 or those
of ability at least equlvalen.t thereto

. 5. Radmg‘raplnc testing apparatus and its accessories

5.1 Radiographic testing apparatus The radiographic testing apparatus shall
be the X-ray apparatus specified in JIS Z 4606, the X-ray generating apparatus by
the electron accelerator, the y-ray apparatus specified in JIS Z 4560 or any other
apparatus with performance at least equivalent thereto. -
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5.2 Sensitive material The X-ray film for industrial use (hereafter referrdd to

.as "film") shall be of low sensitivity and ultra super-fine particle type, low

sensitivity and super-fine particle type, medium sensitivity and fine particle type
or high sensitivity and fine particle type. When the intensifying screen is used, the
lead foil intensifying screen, the fluorescent intensifying screen or the metallic
fluorescent intensifying screen shall be used. '

5.3 Penetrameter The penetrameter shall be general type one of type F or

type S penetrameter specified in JIS Z 2306 or those at least equivalent thereto in
performance.

For making radiograph of the circumferential welded joint, as a rule, the strip-
shaped penetrameter of type F or type S shall be used, but general type penetra-
meter of type F or type S or those at least equivalent thereto in performance may
be used.

5.4 Contrast indicator The type, structure, dimensions and material of the
contrast indicator shall be as follows:

(1) The type, structure and dimensions of the contrast indicator shall be as shown
in Fig. 1.

The dimensional tolerances for the contrast indicator shall be £5% for
thickness, and £0.5 mm for side length.

(2} The material of the contrast indicator shall be steels specified in JIS G 3101,
SUS 304 specified in JIS G 4304, or SUS 304 specified in JIS G 4305.

Fig. 1 Type, structure and dimensions of contrast indicator

Type 15 Type 20 Type 25
& S |
n
. & R
15
20 25

5.5 Viewing illuminator The viewing illuniinator_shall be one specified in JIS
Z 4561 or that at least equivalent thereto in performance.

5.6 Densitometer  The densitometer which conforms to JIS K 7652 and JIS
K 7653 shall be used. :
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6. Technique for making radiograph

6.1 Combination of radiation source with sensitive material The radiation
source shall be combined with the sensitive material so as to identify the minimum
perceptible wire diameter of the penetrameter .

"6.2 Symbel  Symbols shall be used so as to collate the radiograph with the
records in making radiograph.

6.3 Radiation field The radiation field is preferably not increased more than
required by using a diaphragm or a tubular diaphragm in making radiograph.

- 6.4 Technique for making radiograph  The techmque for making radiograph
shall be in accordance with the Annex shown in Table 2 accordmg to the type of the

Welded joint.

Table 2. Annex to specify radiographing method

Type of welded joint Annex

Butt welded joint in steel plates and other welded . ~Annex 1
joints deemed as equivalent thereto in geometric )
conditions in the radiographic examination

Cireumferential welded joint in steel pipes Annex 2

T.welded joint in steel plates ' Annex 3

7. Necessary conditions for radiograph Necessary conditions for the radio-
graph having been taken shall be in accordance with Annex shown in Table 3
according to the type of the welded joint.

Further, the radiograph shall be free from irregular development, defects in
the film or the like which may interfere evaluation of the image quality and
~classification of the image of the flaw."

' Table 3. Annex to specify necessary conditions for radiograph

-

- Type of welded joint . - Anmnex

Butt welded joint in steel plates and other welded Annex 1
joints deemed as equivalent thereto in geometric
conditions in the radiographie examination

Circumferential 'wé]ded joint in steel pipes ' Annex 2

T-welded joint in steel plates _ Annex 3
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8. Interpretation of radiograph !

8.1 Viewing illuminator The viewing illuminator specified in 5.5 shall be used

. according to the classification shown in Table 4 in the interpretation of the

radiograph.

Table 4. Classification of application of viewing illuminator

Type of viewing illuminator Maximum density of radiograph(?)
Type D10 : 1.5 or under
Type D20 2.5 or under
Type D30 3.5 or under
Type D35 4.0 or under

Note(!) Maximum value of the density shown in the test part on the
individual radiographs.

8.2 Viewing method The radiograph shall be evaluated by using a fixed mask
suitable for the dimensions of the radiograph in a darkened room.

9. Method for classification of image of flaw The image of flaws on a radio-
graph shall be classified in accordance with Annex 4.

10. Records The test results shall include the following items to enable to

collate the records with the tested part.

(1) Items related to test part

(1.1) Builder or manufacturer
{1.2) Name of work or product
(1.3) Symbo! or number of location of test part

(1.4) Material

(1.5) Thickness'of_base metal (wall thickness and outside diameter of pipe)

(1.6) Type of welded joint (with/without weld reinforcement)

(2) Date of making radiograph

(3) Affiliation and name of examination engineer

(4) 'Test conditions

(4.1) Apparatus and material being used
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- {a) Name of radiograph test equipment and its effective focal spot
(b) Type of film and intensifying screen
{c) Type of penetrameter
(d) Type of contrast indicator.
(4.2) Conditions of radiography
(a) Voltage of tube being used or kind of radio-isotope
(b) Current of tube being used or intensity of fadioactivity
(c} Time of exposure
(4.3) Radiographing arrangement
(a) Distance be.tween the radiation source and the film, (L, + L)

(b) Distance between the surface on the radiation source side of the test part
and the film, (L,)

(c) Effectwe length Ly of the test part (both sides of double walls: La =Lg' +
La‘l') .

(4.4) Conditions of development

(a) Developer, temperature of development and time of development (manual
development)

(b) Name of automatic developing machine and developer (automat1c
development) .

(6) Confirmation of necessary conditions of radiograph

i .
(6.1) . Kind of viewing illuminator and viewing conditions

(5..?;) Kind of 1 ]_mage quahty (class A, class B, class P1, class P2 or class 1)
(5.3) Minimum percept1ble mre dlameter of penetrameter

f5.4) Density of test part |

(5.5} Value of contrast indieator (differenee in density/density)

(5.6) Acceptance or rejection of radiograph -

(6) Date of classification of images of flaws
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(7) Results of classification of images of flaws

| (7:1) Results of classification of images of flaws according to the score of flaw

(a) Classification of images of flaws of type 1
(b} Classification of images of flaws of type 4
{c) Presence of coexistence of images of flaws of type 1 and type 4
(d) Classification of images of coexistent flaws

(7.2) Classification of images cﬁ' flaws of type 2

(7.3) Classification of images of flaws of type 3
(- (7.4) Presence of coexistence of images of flaws of type 2 to the test field of vision
- (7.5) Comprehensive classification

(8) Other necessary matters

(9) Remarks
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Annex 1 Radmgraphlng method of butt welded joints in steel plates
and necessary conditions for radmgraph

1. Scope - This Annex spemﬁes the radiographing method and necessary
conditions for radmg‘raphs when the direct radiographic e....ammatmn of butt welded
joints in steel plates is executed. -

2. 'I‘echnique for making radiograph

2.1 Kind of image quality of rarhograph The image quality of the radiograph
shall be class A and class B. .

2.2 Irradiating direction of radiation = As a rule, the radiograph shall be taken
by irradiating the radiation from-the direction where the transmitting thickness of

the test part becomes minimum.

2.3 Application of penetrameter Each one penetrameter including the

- minimum perceptible wire diameter (see Annex 1 Table 4} shall be placed aCross
the welded joint on the surface on the radiation source side of the test part as
shown in Annex 1 Fig. 1 so that the thinnest wire of the penetrameter may be
located in the vicinity of each end of the effective length L4 of the test part. With
this respect the thinnest wire shall be placed outside. The penetrameter may be
placed on the film side if the distance between the penetrameter and the film is
apart by at least 10 times the minimum perceptible wire diameter. In this case, the
symbol F is placed on each part of the penetrameter so as to identify on the

- radiograph that the penetrameter is placed on the film side.

If the effective length of the test part is 3 times the width of the penetrameter
or less, one penetrameter may be located in the middle.

Annex 1 Fig. 1 Radiographing arrangement

. " - Symbol indicating -
Radiation the elfective length
- pource _of test part ’
' I : : Penetrameter
_ /i N\ P

oV ._ G |
. . _—

Contrast indicator

lIIIIH

Penetrameper

T

Ly

~ o \ Penetrameter

I 1 : - :
! v/ Contrest indiecator ’ /
\
\/ X-ray film . =
i
N . )/ : ‘ Symbo! indicating the effective
! ﬂ"é i - _ : \ length of test paz‘t

1

L: L
Lt
It
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L1
. 2.4 Application of contrast indicator The contrast indicator shall be used in
. accordance with the classification of Annex 1 Table 1 for the welded joint where the

thickness of the base metal is 50 mm or less, and shall be placed on the film side of
the base metal part not so far from the middle of the effective length of the test
part. When the value of the contrast indicator is greater than the value indicated
in Annex 1 Table 6, the contrast indicator may be placed on the radiation source
side.

Annex 1 Table 1. Classification of application of contrast indicator

Unit; mm
Thickness of base metal Type of contrast indicator
20.0 or under Type 15
. Over 20.0, up to and incl. 40.0 Type 20
Over 40.0, up to and inel. 50.0 Type 25

3. Radiographing arrangement - The relative position of the radiation source,
the penetrameter, the contrast indicator and the film shall be, as a rule, the
arrangement as shown in Annex 1 Fig, 1. '

(1) The distance (I; + Ly) between the radiation source and the film shall be at
least m times the distance L, between the surface on the radiation source side
of the test part and the film. The value m shall be determined in accordance
with Annex 1 Table 2 according to the kind of the image quality.

{(2) The distance L, between the radiation source and the surface on the radiation
source side of the test part shall be at least n times the effective length Ly of
the test part. The value n shall be determined in accordance with Annex 1
Table 3 according to the kind of the image quality.

(3} The film mark indicating the effective length Ly of the test part shail be placed
on the radiation source side.

Annex 1 Table 2. Value of coefficient m

Kind of image quality Coefficient m (1)(2) .
Class A —%f— or 6, whichever is the greater
Class B -%f- or 7, whichever is the greater

Notes (1) f :dimension of radiation source

(?) d :minimum perceptible wire diameter of penetrameter
specified in Annex 1 Table 4 (rmm)
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"Annex 1 Table 3. Value of coefficient n

Kind of image quality . Coefficient n
Class A - ' | 2’
Class B _ 3

4. Necessary conditions of radiograph

4.1 Minimum perceptible wire diameter of penetrameter The minimum
perceptible wire diameter of the penetrameter shall not exceed the value given in
Annex 1 Table 4 in the test part of the radiograph.

Annex 1 Table 4. Minimum perceptible wire diémeter of penetrameter

. Unit: mm
Thickness of base metal Kind of image quality
_ Class A . Class B.
4.0 or under : 0.125" 0.10
Over 4.0, up to and inel. 5.0 ~0.16 .
Over 5.0, up to and incl. 6.3 . 0.125
“QOver 6.3, up to and incl. 8.0 . 020 . | 0.6
Over 8.0, up to and incl. 10.0 '
Over 10.0, up to and. inel. 12.5 7 0.25 . ‘ 0.20
Over 12.5, up to and inel. 16.0° 0.32 '
Over 16.0, up to and incl. 20.0 : 0.40 0.25
Over 20.0, up to and incl. 25.0 | 0.50 -~ | 0.2
Over 25.0, up to and inel. 32.0 : 0.40
Over 32.0, up to and incl. 0.0 0.63 0.50
_ QOver 40.0, up to and incl. 50.0 _ 0.80 : 0.68
‘ Over 50.0, up to and incl, 63.0 0.80 -
Over 63.0, up to and incl. 80.0 1.0
Over 80.0, up to and incl. 100 ©1.25 _ 1.0
Over 100, up to and incl. 125
~ Over 125, up to and jncl. 160 _ 1.6 . 1.25
Over 160, up to and incl. 200
Over 200, up to and incl. 250 2.0 ) 1.6
Over 250, up to and inel. 320 .
Over 320 ‘ 2.5 2.0
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4.2 Density range of radiograph The density of the radiograph shall be ‘
measured with the densitometer specified in 5.6 of the text. The radiographic

" density of the part except the image of flaws of the test part shall be in the range

as shown in Annex 1 Table 5.

Annex 1 Table 5 Density range of radiograph

Kind of image quality Density range
Class A 1.3 or over, up te and incl. 4.0
Class B 1.8 or over, up to and incl. 4.0

4.3 Value of contrast indicator On the radiograph where the contrast indicator
is used, the density of the part of the base metal close to the contrast indicator and
the density of the mid-portion of the contrast indicator shall be measured with the
densitometer specified in 5.6 of the text. The value of the difference in density
divided by density of the part of the base metal shall be not less than the value as
shown in the Annex 1 Table 6.

Annex 1 Table 6 Value of contrast indicator

Unit: mm
Thickness of base metal Value of Type of
'con'trast; (dil‘]‘cngf‘;;} dcnsiLy) Ezun}:rast
indicator ¥ indicator
Kind of image quality
Class A Class B
4.0 or under 0.15 0.23 Type 16
Over 4.0, up to and incl. 5.0 0.10
Over 5.0, up to and incl. 6.3 0.16
Over 6.3, up to and incl. 8.0 0.081 0.12
Over 8.0, up te and incl. 10.0
Over 10.0, up to and incl. 12.5 0.062 0.096
Over 12.5, up to and incl. 16.0 0.046
Over 16.0, up to and inel. 20.0 0.035 0.077
Over 20.0, up to and incl. 25.0 0.049 0.11 Type 20
Over 25.0, up to and incl. 32.0 ) 0.092
Over 32.0, up to and incl. 40.0 0.032 0.077
Over 40.0, up to and incl. 50.0 0.060 0.12 Type 25

4.4 Effective length of test part The ffective length L of the test part in one
radiographing shall be in the range to meet the minimum perceptible wire diameter
of the penetrameter, the density range of the radiograph, and the value of the

~ contrast indicator.
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Annex 2 Radiographing method of circumferential welded joints in steel pipes
and necessary conditions for radiograph

1. Scope This Annex specifies the radiographing -méthod and necessary
conditions for radiographs when the direct radiographic examination of
circumferential welded joints in steel pipes is executed.

2. Technique for making radiograph

2.1 Thickness of base metal The thickness of the base metal shall be the wall
thickness of the pipe in the case of radiographic examination of the circumferential
welded joints of the sieel pipes. The wall thickness of the pipe, in this case, shall
be the nominal thickness, and when the wall thickness of the pipes is different on
both sides of the welded joint of the steel pipe, the smaller value shall be taken.

" 9.2 (lassification of radiographing method The technique for making radio-
graph of the circumferential welded joints in the steel pipes shall be classified into
4 techniques, i.e., the internal source technique, the internal film technique, the
double wall smgle image technique, and the double wall double image technique.

2.3 Kmd of image quality of radiograph The kind of the image quality of the

radiograph applicable for respective radiographing methods shall be in accordance |

with Annex 2 Table 1. .
Anmnex 2. Table 1. Classification of application of image quélity of radiograph

‘Radjographing method ' . Kind of image quality
Internal source technique Class A class E*;. class P1**
Internal film technique g Class A clasé B*, class P1#*
Double wall single image technique Class A* class P1  class P2*%¥
Double wall double image technique . "~ - Class P1* class P2

Notes * To be applied when greater senmt]wty in the detectmn of flaws is
' required.

*%  Tg be applied when 1t is difficult to apply the regular radlographmg
technigue.

3. Radiographing arrangement

3.1 Internal source technique " The radiographing arrangement in the internal

source techmque shall be as follows:

(1) The distance (L, + Ly) between the radiation source and the film shall be at
least m times the distance L, between the surface on the radiation source side
of the test part and the film as shown in Annex 2 Fig. 1 and Annex 2 Fig. 2.

m is the value f;‘iveﬁ byi. Where, f is the dimension (mm) of the radia-
‘tion source, and d is the minimum perceptible wire diameter (mm) of the 7

o~
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(3)

(4)

(6)
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penetrameter specified in Annex 2 Table 3. However, in the case of the¥
simultaneous radiography of the full circumference specified in Annex 2 Fig.
2, the aforementioned matters are not applied if the values on the minimum
perceptible wire diameter of the penetrameter specified in Annex 2 Table 3
according to the kind of image quality of the radiograph to be applied are
fulfilled. ‘

As to the irradiating direction of the radiation, the center line of radiation
flux shall be, as a rule, directed to the middle of the test part, and normal to
the film surface.

When the strip-shaped penetrameter of type F or type 8 is used, each one
penetrameter of the minimum perceptible wire diameter (see Annex 2 Table
3) shall be placed at the positions including both ends of the effective length
Ly of the test part across the welded joint on the surface on the radiation
source side of the test part. In this case, care should be taken not to overlap
two strip-shaped penetrameters each other or the strip-shaped penetrameter
with the contrast indicator. However, one strip-shaped penetrameter may be
acceptable when the effective length Ls of the test part can be sufficiently
covered with one strip-shaped penetrameter.

When the general type penetrameter of type F or type S is used, two pene-
trameteres with the minimum perceptible wire diameter (see Annex 2 Table
3) shall be placed on the surface on the radiation source side of the test part
across the welded joint as shown in Annex 2 Fig. 1. In this case, the
penetrameter shall be placed so that the wire diameter to be perceived of
each penetrameter is on or outside the boundary line of the respective effec-
tive length Ls and also the thin line is outside thereof. One strip-shaped
penetrameter shall be used when it is infeasible to place two penetrameters
within the range of the effective length Ls of the test part.

The penetrameter may be placed on the film side if the distance between the
penetrameter and the film is not less than 10 times the minimum perceptible
wire diameter (see Annex 2 Table 3). In this case, the symbols F shall be
placed on each part of the penetrameter so as to identify that the penetra-
meter is placed on the film side.

The contrast indicator shall be used according to the classification of Annex 2
Table 2 when the kind of the image quality is class A or class B for the
circumferential welded joint 100 mm or over in outside diameter. In this case,
the contrast indicator shall be placed on the film side of the base metal part
not so far from the middle of the test part. However, the contrast indicator
may be placed on the radiation source side when the value of the contrast
indicator is not less than the value as shown in Annex 2 Table 5.
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Annex 2 Table 2 Classification of application of contrast indicator

_ Unit: mm
Thickness of base metal ‘ . Type of contrast indieator
20.0 or under Type 15
Over 20.9, up to and incl. 400 ' Type 20
‘Over 40.0, up to and incl. 50.0 ‘ Type 25

(7) In the simultaneous radiography of the full circumference, four penetrameters
and four contrast indicators shall, as a rule, be placed at the symmetrical
pos1t10ns to divide the full circumference to appro}nmately equal four parts as
shown in Annex 2 Fig. 2.

- (8) The symbol md1cat1ng the effective length L, of the test part shall be placed,

as a rule, inside the pipe when the distance between the radiation source and

 the film is smaller than the radius of the pipe, while outside the pipe when the
‘said distance is larger than the radius of the pipe. However, even though in -
the case where the distance between the radiation source and the film is

smaller than the radius of the pipe, the symbol may be placed outside the pipe

if the relative p051t10n is clarified previously where the symbol is placed inside
and outside the pipe according to the geometric relatmnslup of the radlo-

graphing arrangement.

Annex 2 Fig. 1 Internal source technique (divided radiography)

Penctrameter

Penetrameter

Lo,

Symbol indicating the effective
length of test part

_Contrast indicator

Symbol indicating the elTective Contrast
length of test part indicator

a4 : - Bymbol indienting the effective
Symbo] indieating the effective length of test part.

length of test part.

Film

Penetrameter

Penetrameter
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Annex 2 Fig. 2 Internal source technique (simultaneous radiography (;f
the full cirecumference)

Penetrameter Contrast indicator

Contrast indieator

Penetrameter

Penelrameter

Contrast indicator

\ . Penctrameter

. Conlrast indicator

3.2 Internal film technique The radiographing arrangement of the internal film
technique shall be as follows:

(1)

(2)
{3)

(4)

(5)
(6)

(7)

The distance (L, + L) between the radiation source and the film shall be at
least m times the distance L, between the surface on the radiation source side
of the test part and the film as shown in Annex 2 Fig. 3. m shall be
determined in accordance with 3.1(1).

The irradiating direction of the radiation shall be in accordance with 3.1(2).

The method for application of the strip-shaped penetrameter shall be in
accordance with 3.1(3).

The method for application of the general type penetrameter shall be in
accordance with 3.1(4).

The penetraméter shall be placed on the ﬁlm side in accordance with 3.1(5).

The contrast indicator shall be used when the kind of the image quahty is
class A or class B for the circumferential welded joints 100 mm or over in
outside diameter. In this case, the contrast indicator shall be used in
accordance with 3.1(6).

The symbol 1nd1cat1ng the effective length L3 of the test part shall be placed
cutside the pipe.
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Annex 2 Fig. 3 Internal film techmque

Radiation
gourre
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/ v of test part

Penetrameter
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Contrast indicator

Penetrameter

Symbol indicating the
effective length of test part

3.3 Double wall single image technique The radiographing arrangement of the
double wall single image technique shall be as follows: :

(1) The dlstance (L, + L) between the radiation source and the film shall be at
. least m times the distance L, between the surface on the radiation source side
of the test part and the film as shown in Annex 2 F1g 4. m shall be deter-

mined in accordance with 3 1(1).

(2) The radiation shall be irradiated from the direction shown in Annex 2 Fig. 4.
The distance S between the planes including the radiation source and the
welded joint shall be 1/4 of L, or less.

(3) The method for apphcatmn of the strip- shaped penetrameter shall be in
accordance with 3.1(3).. .

(4) The method for application of the general type penetrameter shall be in
accordance with 3.1(4). However, the radmgraphmg method shall be in
accordance with Annex 2 Fig. 4.

(5) The penetrameter shéﬂi be placed oﬁ the film side in accordance with 3.1(5).
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The contrast indicator shall be used when the kind of the image qualityis

(6)
class A for the circumferential welded joints 100 mm or over in outside
diameter. In this case, the contrast indicator shall be used in accordance with

3.1(6).
The symbol indicating the effective length L, of the test part shall be placed

outside the pipe.
Annex 2 Fig. 4 Double wall single image technique
= | Radiation
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(7)
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/

meter
me Conlrast
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~ l
\ 3 —
m
Symbol indicating the
eflcctive longth of test part

The radiographing arrangement of the

Penetrameler

Symbol indicating
the effective lenglh
of lest part

Contrast
indicator

3.4 Double wall double image technique
double wall double image technique shall be as follows:

(1) The distance (L; + L,) between the radiation source and the film shall be at
least m times the distance L, between the surface on the radiation source side

of the test part and the film as shown in Annex 2 Fig. 5. m shall be
determined in accordance with 3.1(1). However, this does not apply if the

penetrameter specified in Annex 2 Table 3 is identificable.

(2) The irradiating direction of the radiation shall be oblique to the plane
including the welded joint as shown in Annex 2 Fig. 5. o '
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(3)  As to the penetrameter, as a rule, the strip-shaped penetrameter with the
minimum perceptible wire diameter {see Annex 2 Table 3) shall be used. The
strip-shaped penetrameter shall be placed on the surface on the radiation
source side of the welded joint across the welded joint. One strip-shaped
penetrameter may be acceptable when the effective length Ly’ can be
sufficiently covered with one strip-shaped penetrameter, If the effective
length L4’ can not be sufficiently covered with one strip-shaped penetrameter,
however, each one strip-shaped penetrameter shall be placed on the positions
including both ends of the effective length L,’ of the test part. In this case,
two strip-shaped penetrameters shall be placed so as to avoid overlapping.

(4) The symbols indicating the effective length L;" and L;" of the test part shall

be placed outside the pipe.

Annex 2 Fig. 5 Double wall double image technique
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- {

the effective length
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of test part
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4, Necessary conditions for radiograph !

4.1 Minimum perceptible wire diameter of penetrameter On the radiograph,
the minimum perceptible wire diameter of the penetrameter shall not exceed the
value given in Annex 2 Table 3.

Annex 2 Table 3 Minimum perceptible wire diameter of penetrameter

Unit: mm
Thickness of base metal - Kind of image quality
Class A Class B Class P1.| Class P2

4.0 or under 0.125 0.10 0.20 0.25
Over 4.0, up to and incl. 5.0 0.16 )
Over 5.0, up to and incl. 6.3 0.125 0.25 ©0.32
Over 6.3, up to and incl. 8.0 0.20 0.16 0.32 0.40
Over 8.0, up to and inel. 10.0
Over 10.0, up to and incl. 12.5 0.25 0.20 0.40 0.50
Over 12.5, up to and inel. 16.0 0.32 0.50
Over 16.0, up ta and inel. 20.0 0.40 0.25 0.63 0.63
Over 20.0, up to and incl. 25.0 0.50 0.32 0.80 | 0.80
Over 25.0, up to and incl. 32.0 " 0.40 1.0 ¢ —
Over 32.0, up to and incl. 40.0 0.63 0.50 1.25
Over 40.0, up to and incl. 50.0 0.80 0.63 1.6

4.2 Density range of radiograph The density of the radiograph shall be
measured with the densitometer specified in 5.6 of the text. The radiographic
density of the part except the image of flaws of the test part shall be in the range
as shown in Annex 2 Table 4.

Annex 2 Table 4 Density range of radiograph

Kind of image quality Density range
Class A 1.3 or over, up ta and incl. 4.0
Class B 1.8 or over, up to and incl. 4.0
Class P1 -1.0 or over, up to and incl. 4.0
Class P2

4.3 Value of contrast indicator  On the radiograph where the contrast indicator
is used, the density of the part of the base metal close to the contrast indicator and
the density of the mid-portion of the contrast indicator shall be measured. The
value of the difference in the density divided by the density of the part of the base
metal shall be not less than the value as shown in the Annex 2 Table 5.
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Annex 2 Table 5 Value of contrast indicator

Unit: mm
Thickness of base metal Value of Type of
R contrast (difl’emnce ig density) ponFrast
indicator density indicator
. Kind of image quality
: . Class A Class B _
4.0 or under 0.15 . 0.23 Type 15
Over 4.0, up to.and incl. 5.0 p.10 .
Over 5.0, up to and incl. 6.4 . " 0.16
Over 6.4, up to and incl. 8.0 0.081 0.12
0.ver 8.0; up to and incl. 10.0 ' )
Over 10.0, up to and incl. 12.5 0.062 " 0.086
Over '12.5, up to and incl. 16.0 0.048
O\l.rer 16.0, up to and incl. 20.0 0.035 0.077
Over 20.0, up to and incl. 25.0 0.049 0.11 Type 20
Over 25.0, up to and incl. 32.0 : 0.092
Over 32.0, up to and incl. 40.0 0.032 0.077
Over 40.0, up to and incl. 50.0 . 0.080 0.12 - Type 25

4.4 Effective length of test part The effective length Ly of the test part in one
radiographing shall be in the range to meet the requirements of the minimum
perceptible wire diameter of the peneirameter, the density range of the radiograph,
and the value of the contrast indicator. When the detection of the transverse
cracks in the test part is especially required, the effective length shall meet the
requirements of the minimum perceptible wire diameter of the penetrameter, the

_ density range of the radiograph and the value of the contrast indicator, and also

shall be in the range of the limit specified in Annex 2 Table 6. . .

et

Annex 2 Table 6 Effective length Ly of test part

Radiographing method Effective length of test part
Internal éourl_:e technigue "1/2 or less of the distance L, between
{divided radiography) the radiation source and the surface
an the radiation source side of test
part
Internal fiim téchnique 1/12 or less of the full cireumference
of pipe
Double wall single image 1/6 or less of the full circumference ‘
technique ' ' 1 of pipe

.‘\.-.:/:.
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Annex 3 Radiographing method of T-welded joints in steel plates !
and necessary conditions for radiograph

1. Scope This Annex specifies the radiographing method and necessary
conditions for radiographs when the direct radiographic examination of T-welded
joints in steel plates is executed.

2. Technique for making radiograph

2.1 Kind of image quality of radiograph- The image quality of the radiograph
shall be class F. '

2.2 Irradiating direction of radiation  As a rule, the radiograph shall be taken
by irradiating the radiation from the direction shown in Annex 3 Fig. 1 or Annex
3 Fig. 2.

2.3 Application of penetrameter Each one penetrameter including the
minimum perceptible wire diameter (see Annex 3 Table 1) shall be placed so that
the thinnest wire of the penetrameter may be located in the vicinity of each end of
the effective length Lj of the test part. In this case, the thinnest wire shall be
placed outside, and the penetrameter shall be placed on the surface on the
radiation source side of T2 member or on the film side. When the penetrameter is
placed on the film side, the distance between the penetrameter and the film shall
be at least 10 times the minimum perceptible wire diameter. In this case, the
symbol F is placed on each part of the penetrameter so as to identify on the
radiograph that the penetrameter is placed on the film side.

2.4 Compensating wedge The compensating wedge as shown in Annex 3 Fig. 3
shall be used in making radiograph. However, in the case of Annex 3 Fig. 1, the
compensating wedge may be omitted if the thickness of the T1 member does not
exceed 1/4 of the thickness of the T2 member or 5 mm, whichever is the smaller.,

Further, in the case of Annex 3 Fig. 2, the compensating wedge need not be
used if the thickness of the T1 member does not exceed 1/3 of the thickness of the
T2 member or 8 mm, whichever is the smaller.

3. Radiographing arrangement The arrangement of the radiation source, the
penetrameter and the compensating wedge shall be as follows:

(1) The distance (L, + L,) shown in Annex 3 Fig. 3 shall be at least m times the
distance L, between the surface on the radiation source side of the test part
and the film. The value m shall be 6 or &£, whichever is the greater. Where,
fis the dimension (mm) of the radiation source, and d is the value of the
minimum perceptible wire diameter (mm) specified in Annex 3 Table 1.

(2) The distance L, between the radiation source and the surface on the radiation

source side of the test part shall be at least 2 times the effective length L, of
the test part. '
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(3) Symbol indicating the effective length of test part The syﬁibol indicatihg the
. effective length L, of the test part shall be placed on the radiation source side.

Annex 3 Fig. 1 Radmgraphmg from - AnnexS Fig. 2 Radiographing from
one dn'ectlon - two directions
: Radiation Radistion
[ {second time} (first time)
Radiation e
j - \
Tl \ .
\ e
\\
T1 . T
member N <
A .
% 0 T -
\(, member

[ .
T% member

T

T2 member

Film
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Annex 3 Fig. 3 Radiographing arrangement

Radintion
. Bource
]
Radiation
ot
Penetrameter ~
Y
T1 member
7y
e Compensating wedge

{ . Ny
: . T2 member ‘ "

AR

7

Symbaol indicating the
effective length of teat part

133D}
10177

ﬂ
|
t
)
I

LV T ITTIT),

. Film

i

|

| \\ Penetrameter
== ] I% pa \\ Compensating wedge

i \\ Penetrameteor

\ Symbal indicating the
~_elTective length of Lest part

Ly

r—-——f——— - — — 1l _

LTI

L]
/

4. Necessary conditions for radiograph -

4.1 Minimum perceptible wire diameter of penetrameter On the radiograph,
the minimum perceptible wire diameter of the penetrameter shall not exceed the
- value in Annex 3 Table 1.
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Annex 3 Table 1. Minimum perceptible wire diameter of penetrameter .

Unit: mm
Total thickness of T1 and Kind of image quality ,
T2 members
Class F

8.0 or under ©0.20
Over 8.0, up to'and inecl. 10.0 '
Over 10.0, up to and incl. 12.5 0.25
Over 12.5, up to and incl. 16.0 0.32
Over 16.0, up to and inel. 20.0 ' 0.40
Over 20.0, i1p to and incl. 25.0 . 0.50
Over 25.0, up to and incl. 32.0
Over 32.0, up to and inel. 40.0 " 0.63
Over 40.0, up to and incl. 50.0 0.80 .
Over 50.0, up to and incl. 63.0 '
Over 63.0, up to and incl, 80.0 ) 1.0
Over 80.0, up to and incl, 100.0 _ ©1.25

4.2 Density range of radiograph The density of the radiograph shall be _
measured with the densitometer specified in 5.6 of the text. The radiographic

density of the part except the image of flaws of the test part shall be 1.0 or over
and up to and including 4.0. ‘ :

4.3 TEffective length of test part The effective length Lj of the test part in one
radiographing shall be in the range to meet the requirements of the minimum
perceptible wire diameter of the penetrameter and the density ranpge of the

radiograph.
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Annex 4 Method for classification of images of flaw on radiograph ‘

1. Scope This Annex specifies the classification of images of flaws on the
radiograph of welded joints in steels.

2. Procedure for classification Images of flaws (hereafter referred to as
"flaw") shall be classified in accordance with the following procedure:

(1) View the radiograph to be classified in accordance with 8, in the text.
(2) Confirm that the radiograph to be classified éonforms to 7. in the text.

(3) Execute the classification according to the category of the thickness of the
base metal. When the thickness is different on both sides of the butt welded
joint in steel plate, the thinner value shall be taken as the thickness of the
base metal. In the case of the circumferential welded joint in steel pipes,
the thinner wall thickness shall be taken as the thickness of the base metal.
In the case of the T-welded joint, the thickness of the T1 member as shown
in Annex 3 Fig. 1 and Annex 3 Fig. 2 shall be taken as the thickness of the
base metal. '

(4) Classify the flaws in the test part into 4 types.

(5} BSubclassify flaws of respective types into class 1, class 2, class 3 and class 4,
and then execute the comprehensive classification based on the classified
results.

3. Type of flaw The flaws shall be classified into 4 types in accordance with
Annex 4 Table 1. Where it is difficult to classify the flaws into type 1 or type 2,
classify respective flaws into type 1 or type 2, and then the larger type and class
number shall be adopted.

Annex 4 Table 1 Type of flaw

Type of flaw Kind of flaw
Type 1 Round blow hole and similar flaw
Type 2 Elongated slag inclusion, pipe, incomplete

penetration, incomplete fusion, and
similar flaw

Type 3 Crack and similar flaw

Type 4 Tungsten inclusion
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4.

Score of flaw The score of flaw of type 1 and type 4 shall be obtained as.

follows:

(1)

(2)

(3)

(4

-(5)

(6)

-ment.

The score of flaw shall be measured by setting the test field of vision as given
in Annex 4 Table 2. Where the flaw falls on the boundary of the test field of
vision, the part outside the test field of vision shall be included for measure-

The test field of vision shall be applied to the region where the score of flaw
becomes maximum in the effective length of the test part. o o

The score of flaw in the case of single flaw of type 1 shall be determined by
using the value in Annex 4 Table 3 according to the dimension of the major
diameter of the flaw. Where the major diameter of the flaw does not exceed
the value in Annex 4 Table 4, the flaw shall not be regarded in caleulating the
score of flaw. ' : ' 2 '

As to the flaw of type 4, the score of flaw shall be ob tained according to the

procedure (1), (2) and (3) similar that of type 1. However, the score of flaw
shall be 1/2 of the value in Annex 4 Table 3 according to the dimension of
the major diameter of the flaw. L

The score of flaw for two or more flaws shall be the grand total of the score for
each flaw in the test field of vision. ' :

Where the flaw of type 1 is coexistent with the flaw of type 4 in one test
field of vision, the grand total of both scores shall be the score of flaw.

Aﬁ.nex 4 Table 2 Extent of test field of vision

Unit: mm

" Thickness of .Up to and Over 25, up to Over 100
base metal inel, 25 and inel, 100

field of vision

Annex 4 Table 3 Score of flaw

Unit: mm

Major . .[ Uptoand | Over 1.0, | Over 2.0, | Over 3.0, | Over 4.0, | Over 6.0, | Over 8.0

diameter | incl. 1.0 | uptoand | uptoand | uptoand | up to and up to and -
of flaw inel. 2.0. inecl. 3.0 incl. 4.0 inecl. 6.0 inel. 8.0

Score 1. ’ 2 3 6 . 10 ‘ 15 . 25
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Annex 4 Table 4 Size of flaw not to be counted !

" Unit: mm

Thickness of base metal Size of flaw

Up to and inel. 20 0.5

Over 20, up to and incl. 50 0.7

~ Over B0 1.4% of thickness of base metal

5. Length of flaw The length of flaw shall be determined by measuring the
length of the flaw of type 2. However, where the flaws are present in a row, and
the distance between mutual flaws does not exceed the length of the larger flaw,
the dimension being measured including the space between flaws shall be defined
as the length of flaw of the relevant flaw batch.

6. Subclassification of flaw

6.1 Subclassification of flaw of type 1 and type 4 The flaws where the flaws
detected by the radiograph are flaws of type 1 and type 4, shall be subclassified in
accordance with the standard of Annex 4 Table 5. The figures in the table show
the allowable limit of the score of flaw. Where the major diameter of the flaw
exceeds 1/2 of the thickness of the base metal, the flaw shall be categorized as
class 4.

Even when the major diameter of the flaw does not exceed the value in Annex
4 Table 4, there shall not be 10 or more flaws within the test field of vision for

" class 1. '
Annex 4 Table 5 Subclassification of flaws of type 1 and type 4
' Unit: mm
Subclassifi- Test field of vision
cation
10 x 10 10 % 20 10 x 30
Thickness of base metal
10 or under QOver 10, Over 25, Over 50, Owver 100
up to and up to and up to and
incl. 25 incl. 50 incl. 100
Class 1 1 2 ) 4 5 8
Class 2 3 6 - 12 15 18
Class 3 6 12 24 30 36
Class 4 Where the seore of fldw is larger than that of class 3
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. 6.2 Bubclassification of flaw of type 2 The flaws where the flaws detected by
the radiograph are flaws of type 2, shall be subclassified in accordance with the
standard of Annex 4 Table 6. The figures in the table show the allowable limit of
- the length of flaw. Even when the flaw is subclassified as class 1, it shall be
categorized as class 2 where the incomplete penetration or the incomplete fusion is

found. ‘

Annex 4 Table 6 SuBclassiﬁcation of flaws of type 2

Unit: mm
Subclassification ' Thickness of base metal
12 or under Over 12 and under 48 48 or over _

Class 1- 3 or under 1/4 or less of the thickness 12 or under

of the bazse metal :
Class 2 4 or under 1/3 or less of the thickness 16 or under

of the base meta]
Class 3 6 or under . 1/2 or less of the thickness 24 or under

of the base metal o
Class 4 Where the flaw length is larger than that of class 3.

6.3 Subclassification of flaw of type 3 The flaws where the flaws detected by
the radiograph are flaws of type 8, shall be categorized as class 4. -

6.4 Comprehensive élassiﬁcation The comprehensive classification to be
determined based on the results of subclassification of each type of flaws in terms -
of the effective length of the test part shall be as follows: B

(1) Where the flaws are of only one type, this type shall be the comprehensive
classification as they are. : _

(2) Where the flaws are of two or more types, the larger type and class number
shall be the comprehensive classification. However, in the case where the

' flaws of type 2 under the subject of classification coexist in the test field of
vision of the flaws of type 1 and type 4, and both the classification by the score
of flaw and the classification by the length of flaw are the same, the classgifi-

- cation of the coexistent part shall be increased by one in terms of the class
number. In this respect, as to the flaw of class 1, it shall be categorized as
class 2 where the flaws of type 1 and type 4 are independently existent or
where 1/2 of the allowable score of flaw in the coexistent case and 1/2 of the
allowable length of flaw of class 2 are exceeded respectively.
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