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Abstract

A cross-section analysis program LAYCAL for multilayered pipes has been developed and on sale. LAYCAL has three
major functions, namely, (i) Rigidity analysis of the whole pipe including bending, axial and torsional rigidity calculations by
theory of structural mechanics, (ii) Stress analyses of the structural members and strain analysis of the whole pipe (axial strain
and curvature) under arbitrary axial force, bending moment and internal / external pressures, and (iii) Fatigue life estimation
of the structural members under the mean stress and constant amplitude cyclic stresses, which are obtained from the above
stress analyses. Additionally, bending tests of multilayered pipe models were performed and the test results were
comparatively examined in order to verify LAYCAL.
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2. EEEORIE - I6H - EFEEAT T 0 S L LAYCAL

2.1 LAYCAL O#FE

LAYCAL (%, & ULTE (F72038) #Bk & WREM OfEIc L VR SN D FFED 7 L & o 7 VEEEE & %f
SL LT, WS/ (5L LT Costello DGR V) 1233 < FHRRUC L 0 diF b - slidii: - 352 0 Wi
R, AEEOHS] « fiFE—A 2 b« RANESME FICB W CEEMICA U DI 0@ E R oi 7 m7E - th
FELHAET D LT, TSNS Z - CRERGE O E IR 77 Ftn & IS T2 7' 1 77 A Th
% (EHSFE : Visual Basic 6.0, FZ{TERE% : Microsoft Windows % OS &9 % PC).

LAYCAL 08 it~ ML % Fig. 1 1277

Fig. 1 Program package of LAYCAL

—fA e 7 L U7 VR E OfFEEEIE Fig. 2 (R TE Y T, HIEOFENIE O BIEIZLL T O Y T
bHb.

OA % —n v 7% (Carcass)

SNEREIZ X 0B OWmEONEIRWN K 2 IS T 2700 OHIfNE . FIEEMENRE <, iiTRMEIER TE 5.
@I (Pressure sheath)

NERTEIARZ B LA 5310 7 R U 7 X REOBHREL.

Q4855 (Pressure armors)

BEAERE L LIEMBMRAES T, L& LTHINEEZZITRD.
@i 78 5c  (Tensile armors)
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Fig. 2 Multilayered flexible pipe
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2.2 LAYCAL D
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2.3 LAYCAL DR

LAYCAL (21X, 7—% AJy, WIMRENT, JST1fAT, JETTMRAT S WO 4O 7 +— 2 (a7 LEE) 236
0, TarzZ AORENE, EITOMETERIBRRERESNS. BT, £ 74— Ao TR 5.

OF—H% A7 +—2A

DT A — LTI, BEEEMERT D25 ORIRHE < MENES - B EE AT 5 L3R, RIS 10
BHICBE b AT a v ERET 5.

QMR =7 A+ —

ZDOT7 x— LTI, FHEE MRS 285 L O E 2o TR EL #ivE E4, 220 VR GJ OfE
ZRE L CRRT D LI, BEERRORIEIC 5 &M O 50OE G E S —t > NIRRT D.

@IS TIFHT 7 4 — L
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T VR NAEREENHT EZT 5 L, SBHEIR ORI 2 oo #hi T3 L OMR Y 12 K B ZElE 103 A
U% (Fig.3). S WOREECKRE S, S Ol Sl e HI8EDNE g (FE) oMk Z IMllN b &
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HIZ, LAYCAL DIGHfENT 7 4 — LA CTIEMETIR UT TEE — 150 P~ +— 24 2O L, SREEssk
DEEEROUR Y %58 LT IR T 2175 Z L L ATRETH D, Fig. 4 (ST 7 A+ — LB R T
DTN 7 4 — I

ZDOT7A—LTHE, BEEOHIFFEDE (FH) 2RI, ISHRME T +— L CTHE SIS OB AE -
Bo/IMIER X OMEE O S-N #i#R %2 O CERIBR T 21T 5. JFIATCIX, JEDEPREORE Y K LIS D JF
W, PRSI ORBEEEBETH LN TEXS.
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Fig. 3 Multiaxial stress states of tensile armors under bending of multilayered pipe
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¥ LAYGAL - Stress calculation

1.495E-+02
A39E-01 [3.439E-01 [3.352E+01 [3.352E+01
0.000E+00 | | 0.000E+00 | [0.000E+00 | [0.000E+00
794E+00 [1.794E+00 | [9.678E+00 | [9.678E+00
0.000E+00 | | 0.000E+00 | [0.000E+00 | [0.000E+00
123E+00 | [3.123E+00 [3.748E+01 | [3.748E+01
0.000E+00 | |0.000E+00 | [0.000E+00 | [0.000E+00

6.020E+00  |4.214E+02 | |4.211E+02
3.954E+00 |2.688E+02 | |2.686E+02

269E-+00
4.126E+00
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=
e
e
[2.307E+02"
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fife

JG39E+00 | | 2.412E+00
0.000E+00  |0.000E+00

S08E+00 | |3.232E+00
B
1.892E-03 0.000E+00

Fig. 4 Stress analysis form of LAYCAL
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3. HRETET/ILOHIFHER

3.1 BEEEETILOEMR

HT BRI W RS = 7 L OFEEHERL A Table 1 [ZRT. BT /L OBIMETHI 180 mm Th 5. 4 7 @70
T WE LTS8 hEs & ol wlihsc T 5. 7eds, 8 J@os il at BIET—7) 1IconTiE, &
WG & HHGEOWIFIZOWTHITREBR 2TV, R R

Table 1 Configuration of the multilayered pipe model

Mo, 1B EER]

1 AL A—0w 2E 2Tl A
2 BRI TE wmr—7

3 Mg BEEFL—7
4 B T —>

5 Bh AR R [SEiwaks]

@ B T —7

7 BHh R [SEiwak |

] Bh iR SR AT s —7
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3.2 HERAE

WA A C D ZHIS N 2 HIET D720, SMU (5 7)8) oA - mah il - 420 JWE
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N6, FEEET VHIRIBO MR S ORI O SR 25 L7z,

Fig. 5 Bending test of the multilayered pipe model

3.3 HERIERF LU LAYCAL & DEEER

Fig. 6 1%, % 8 J@OMINET — 7 WM 2 B2 o 1o AT OWT, FEEE T T VR - 55 7 Eodh )i
KDFNLBIZIRIT D I =B ADOMYIE %&, FEBrE & LAYCAL IZ XA HEEEON S THE L2 D TH 5. 728,
FXIZIZ 5B O 7= OISR = — K MARC IZ X DH#EEM LT M TH 5. BilhD ¢ (TH N33 504
JEDNriE (Fig.3) ZRLTWAD, &ArE & b FERE & HEEMEOMBIIXRAFCTH Y, LAYCAL 35 L TN MARC O
W& bR THLHEE G5 2 TN 5.

WIZ Fig. 7%, 6 8 BORBIET — 70 2 B X5 A 12OV, Fig. 6 & [RERICHYS IS DOl 2R L7z b
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%ET LE Z O IO CHEMENDFZNMEICZ LU FEhE L T ey,

Fig. 6 & Fig. 7 Z e 2 &, BIET — 76 CRUIMMMARZ I A DT 5 2 LIC LY, BALEIZRIT 2HM07)
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Fig. 6 Von Mises stress in the outer tensile armors Fig. 7 Von Mises stress in the outer tensile armors
(without the holding bandage) (with the holding bandage)
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4. FEH
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