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Fig. 1. An example of MA scope for anisotropic steel.
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Fig. 2. Refraction angle measurement by V-path method.
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Fig. 3. Ratio of transmitted pulse amplitude in each direction to that in C direction on anisotropic steel (AV).

Table 1. Echo height difference between ¢3.2 mm side drilled hole and STB-A2 (44X 4 mm) of each test specimen.
Test
specimen Isotropic steel Anisotropic steel
. Testing ‘
Nominal 2 . Averaged value Averaged value Averaged value
refraction angle irection Averaged value in L direction in Q direction in C direction
45° +2dB . +4dB +1dB +4dB
60° +11dB +11dB +9dB +14 dB
65° +5dB +4dB +3dB +8dB
Remark : Sensitivity is increased 6 dB at 45° in accordance with JIS Z 3060
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Fig. 4. Deviation between nominal and actual refraction angle of anisotropic steel (5 MHz).

Table 2. Echo height difference between side drilled hole or notch and STB-A2 (44 X4 mm) of each test specimen.

Test
specimen Isotropic steel Anisotropic steel

Nominal T:Stitr.‘ﬁ Averaged value Averaged value Averaged value Averaged value Averaged value

Flaw refraction angle Lection | 4 all direction in all direction in L direction in Q direction in C direction
$3.2 mm side 60° +8dB +11dB +11dB +8dB +14 dB
drilled hole 70° 0dB —2dB —8dB 0dB 5dB
N10 notch 60° +13dB +16 dB +15dB +18dB +15dB
" 70° +7dB +6 dB —1dB +8dB +11dB
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Fig. 6. Distance amplitude curves of anisotrapic steel (L
direction and C direction) and isotropic steel.
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Fig. 7. Accuracy of flaw location estimation.

Table 3. Echo height difference between side drilled hole or notch and RB-4 (#3.2 mm) of each test specimen.

Test
specimen Isotropic steel Anisotropic steel

Nominal Tiiset?gn Averaged value Averaged value Averaged value Averaged value Averaged value

Flaw refraction angle ! of all direction of all direction of L direction of @ direction of C direction
$3.2 mm side 60: 0dB +1dB +1dB —1dB +3dB
drilled hole 70 0dB —1dB —8dB 0dB +5dB
N10 notch 60: +2dB +5dB +4dB +7dB +4dB
notc 70 +7dB +6 dB —1dB +8dB +11dB
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Fig. 11. Sound refraction in anisotropic steel (in the case of nominal refraction angle 60°).
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Fig. 17. Relation of the estimated flaw echo height
between isotropic steel and anisotropic steel.
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Fig. 18. Relation of flaw length between isotropic steel
and anisotropic steel.
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Fig. 19. Relation of flaw length between isotropic steel
and anisotropic steel.

PMEGE, B, B IWMME, 7 EEH4EMERE
30mm, EHHEIPFEEOHMM 2EH L, wFnd &
HEA LARE %5 L5127,

7T VHERMRIL 64K, Fig. 24 IZ7RT A, B, C 3 &##F
(Heel, Side, Toe #F) 1 ABEYIC BIAKIE (v — kA
AANE (IP) BALHEHBMASR (LF)) %54 347
K% ZHE$ 5 720 O I L, JIS Z 3060-83,
3061-83, API RP2X-80 & U ASME Sec. V Art. 5 &

Table 4. Steel plate used for mock offshore structure.

Test Degree Wall Ultrasonic Appllc;?ble
sample of thickness  wave velocity part in
notation anisotropy (mm) ratio offshorg
construction

SA Heavy 19.0 1.081 Brace
SC Light 19.0 1.008 Brace
SB Medium 19.0 1.039 Brace
SD Medium 30.0 1.048 Leg
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Ay=y—Y" Ad=d—D
Fig. 20. Evaluation of the deviation between estimated
flaw location and actual flaw location.
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Fig. 21. Deviation between esti-
mated flaw location and actual flaw
location (60°).
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Fig. 22. Deviation between estimated
flaw location and actual flaw location

(65°%).
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r—'ﬂ r Fig. 23. Deviation between esti-
6-5-4-3-2-1012 3456 -6-5-4-3-2-1012 3456 mated flaw location and actual flaw
Ay (mm) Ad (mm) location (70°).
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Fig. 24. Mock up sample of offshore structure.
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Photo. 1. Examples of cross section of natural flaw.



BERNBEH T 2 MEERO BT BN AEGE: 627

Table 5. Detectability of flaws.

Test

sample SA SB

SC

SA SB SC

Type &
location of LF LF
atural

Refrac~\flaw
tion angle

O

45°

60°

©|©

65°

P lx|Ix|O]>
P |O|O ]| x| >»

70°

O|0o|@]|@|o

Ol |@®|X|w

ORECRECRECN o)
> |O|O|P|w
@|o|D|x]|>»
(ONEORNONNON Nvs]
CREICRECRECH Ko

Examination
from leg pipe

OIP|O|O0O|x|w

»|p|P|Oo|O]|>
ORE BECNNONE N

|

|

|

|
@|O0|x|x

Notations : .
©; Tested by two groups, both detected

O; Tested by a group, detected

A Tested by two groups, detected by only one “A; Tested by a group, un-detected

X, Tested by two groups, un-detected neither — —

Test frequency : 5 MHz

Table 6. Accuracy of flaw length in accordance with ap-
plied specification.

Mock up sample Butt-welded

meaiﬁﬁgli:ﬁ};ique of offshore structure sample
(al (an

RB-4 (L cut method) £=—5.6 mm £=—10.4 mm
o=11.8 c=15.8

STB-A2 (L cut method) £=+6.9 mm £=+0.8 mm
¢=8.1 ¢=13.0

API (6 dB drop method) £=—15.7 mm £=—5.1mm
oc=12.4 ¢=10.9

Al=Ultrasonic indication length— X-rays indication length

+ 4

Photo. 2. Radiograph of incomplete penetration at loca-
tion B in light anisotropy leg pipe.

L7.

Table 5 ICREaDMMHERERT. BEh M dEOLE
ABIZH BNV — MEAALRRKRVEEOTEBEHICSH S
FREHMEARLRWT, EFVRBREF 0 BRI
SRR 45°, 60° K UF 65° ORMAEMTFxHH T
W, XEORFHEORE 2O THIEICKRE X 722
IS, ABROBIERBAA BRI L Tz AFJEITfA 65°
DFAEMTDERPAHHTH 7. F—KIRIco T

No test

Reference block : RB-4 Sensitivity : L cut method

Table 7. Accuracy of flaw location.

Butt-welded
sample

Mock up sample

Position difference of offshore structure

Ay £=—0.13 mm £=1.1mm
o=1.7mm c=1.3 mm

Ad £=—0.18 mm £=—0.7 mm
¢=2.3 mm ¢=1.5 mm

Ay=Ultrasonic estimated distance— Actual distance
Ad =Ultrasonic estimated depth— Actual depth

Photo. 3. Cross section of incomplete penetration at
location A in medium anisotropy leg pipe.

D2HHHOTI-FHSOMHEIIRK4dB THo7-.

BRI D TRD L REIERE S RO X #8558
RETEHELONL-ZNRE OBER % Table 6 1237,
Photo. 2 X XM ZEBREENLERBITHSH. STB-A2 %
FEOL#M Cut ECcoRMBHERESEIREIIE, —F
RB-4 BEEDO L# Cut B X U API @ 6 dB Down i
TREBICHEIESN TS Z Ebab. 4B Table 6
(IS RTTE O RS C O FARE G B O B AKX
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5 EBORBIRE S OBFREHRL 2, £F
VRABRETORE SMERE I, TFIRESEERBREKD
BELEMKEEZ A, —HRBIRRESICET S 21LH
DOME W, BEEOLS DR AB R (Fig. 24 28)
TH 18mm PN TH Y, CEB (Fig. 24 M) Tk 8
mm PN THo 7z,

Table 7 3345 RER T O RIGHEEILE & R FREEI T
WHEBILZALE & D% %, Photo. 3 IZ/KR O KT
BEED1HE2RT. cofEEicid, ARTCEHKRIEICIE
LimoREREIT A%, BRI Q HEOFEEGE
FAETHC T 2. HEEITAOFAIC L) RIBAE
PRERCMETEL Z D95, 2B O XRER#EE
MEOHEE, F#E, KFEHAE B 2 mm BIAITH
IHLDTHDI.
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BULYEITIEIE S 2 W E T AR MR O ER, B
P & B OISR A R NEE, BT ARG
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