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Ultimate Strength of Leg of Jack-up Rig
(2nd Report : Local rigidity and ultimate strength
of T-joint under normal load and bending moment)

by Yukio Ueda, Member Takaaki Ishihama, Member
Keiji Nakacho, Member Shigeki Akamatsu, Member

Summary

Jack-up type oil rigs are composed of legs and platforms. The degree of redundancies of
legs are generally fewer than those of platforms. As a structure becomes less redundant,
reserved strength after the initial yielding tends to decrease. So, it is important to clarify
the ultimate strengths of tubular joints which are leading causes of overall failures of the
legs.

In the 1st report, the authors carried out theoretical and experimental investigations into
the rigidity and local strength of T-joint of circular tube under a concentrated normal load
transmitted from the brace. The T-joint model used in the study is composed of a chord
reinforced with a built~in center-rib and a brace, and is supported by a leg guide.

In the present paper, they studied the rigidity and local strength of the same T-joint model
under both a concentrated normal load and bending moment transmitted from the brace.
They performed series of theoretical analyses and experiments on the models.

Main conclusions obtained in this study are shown as follows.

1) The rigidity of the T-joint can be evaluated by formulae developed in consideration of
the effects of various sizes of the chord and brace.

2) The ultimate strength interaction curves of the T-joint are presented.

3) The failure modes of the T-joint are clarified.
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Fig.2-7 Deformation of chord and brace
by bending moment (Model VI)

WTHERA LI LA UERIC L > TRET B, Thbd,
BN TTED I LI 253 2 BT O T E -
EMBIROIERR &, WML A 4 RISk &
CIET L, BIEERNRE LY RTES OEESD
2ODEMDZREBRMKBEL TS, T OFEHHE-T
RDIeKE TN DRKEESY Table 2-1 1wR3,

3 E B OB W

ERRRTS, B IMEAEE, BRSSEYEE LTS
Do BREIAEL BEOARERECERLEE, £
DEYALI X L, BER O e BB A B 2 A L
FLCATERY T, SR X Y EEREY KR ST
o Th, BERVEIHLAULREN L SARTIEE
BD—DTH3 Zienkiewicz-Parekh-King DEZAH
B,

31 BIFEFTIL

BREVTIERET 6 20T LTH 5,
RIEL, ERTOENE a=0.1 D vz, HEHmEGT
4L a=0.15 I LTT 5, I, FENTE S O~
HHONFMERL L3 7L EARALL L, S
T DFEFEE S ERRE LT, Zhk Table 3-1 15
3

3.2 WEOHWEX

ERATCSLTh, BABME T v -2 hEEHL
B E— 2 v b 2ERICEA T 2 B8, FHESE
73 00 ERKEBFIEN 0 DHAIEESNfEaicf@o
,ﬁ§ﬁ@50:@t&,%ﬁﬁ&%voaa&ab%ﬁ
L, KBROBE LA ATHELZRE LCHEEE

4= >

ZiT56

Table 3-1 Particulars of models
(Theoretical analysis)

NAME OF MODEL MODEL
I[E(m W]V W]
DIAMETER OF CHORD, D (mm) 298.5
WALL THICKNESS OF CHORD, T (mm) 15.00
DIAMETER OF BRACE, d (mm) 135.1
WALL THICKNESS OF BRACE, t (mm) 9.82
THICKNESS OF RIB (mm) 5.70
YOUNG'S MODULUS , E (kgf/mm?) i 21000
| POISSON’S RaTIO ﬂ 0.30
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Table 3-2 Ultimate strength of models
(Theoretical analysis)

NAME OF

0Dz |MODEL ! MODEL | MODEL | MODEL |MODEL | MODEL
ULTIMATE~UODE I T v v s
|_STRENGTH i
AXIAL FORCE | gro| 830 | 700 | 535 210 | o
Pu {ton) !
BENDING MOMENT | o | 40 | 200 | 3.00 | 3.80 | 405
Mu (ton-m)
Pu/Puc 1. |0.954 | 0.805 | 0.615} 0.241 | O.
Mu / Mub 0. |0.296 | 0494 | 0.741]0.938 1.
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Fig. 4-2 Vertical load on two-dimensional
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T, 2DREICH2bLTERIE LU EEEY 5
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TIT, R (4.6) BXU (4T TORBFEORIMKE
~DEEEYR (4. 4) BV U5 DBELEELT
XD, EY, TU—AOERIOFER, XU HBL
V(4.5 OHEB Y TH-1ohy, =2— FRET R LOH
BROBEZ, “hbOHEERL VLIS fic, H
Fiest LT, F0fREAhAkE L, Thll, 3K
FYV v ZEFATIE, VY IEEALHELTWEWD
T, BEIEHOBENA > TS N1 DDORE
MlEE2OhD @i, Fig4-3 (b) £,

kic, d/R oBfTH D f (Or) OPEECOWTR
4%, BENOEATTRZO +0.2 FC T
»n, mEFOEAT X, —0.2 Feih3KRTY VI E
FAR L DHEELEFBEOREEY R T, 2hb, £
WA OBBLEL bbb, Tihbhb, 7V—ADD
DB X b 2 — PG IREE D & EEEEIHER
+5 2EENE LD, THBLDOFEETD = — FOREIMNE
HEHEOFETHY, BWOEREWRT 5. ZOXEH
TS WEE /R A& wE k&L, d/R HARE
WENE B, BE, =— FEFET d/R AREL
15 LIS EET A, WmTOEAT T, ko
WaK X\ o, EFREIEE d/R & RUEAIMRBEGRE
b0, D, T O XADEEERRT,

LI AT, HBAE, —ic, BEIEHTE- A
v EBI T B & O TR LIcRIMEE, FTHIOR
INEETRS R BB T A L O TH B DT, ZORBEE
WL, BEACH LTI @.6) %, fiFe—2 vt
wHLTER @D 2 EREFRERTE LV,

4.2.2 FLHERIMEAE

13 Eherrrikigesr L, BRERERC LS
TR EVWS E, R (4.6) Kkl 5 EEAEAK
Kaic BIO0F (4.7 ki 5 iy ZRERHE Kpe B
NERKROFER & %o

K4c=9.02x 10! (ton/mm) (4. 8)

Kge=5.72%10% (ton-mm/rad) 4.9
#-2L, T=15.0(mm), R=149(mm), d=135(mm),
E=21000 (kgf/mm?), f(0,)=4.53x107°

Fi, EdEFL (BTEN 18 FhET LD 3
BT T L LEA ORERIKIEY, ERRofEsX
(4.6) IV (A7) XHIRDBIENTE, KRDLD
b

K c=9. 02X 10 x3=2.71x10% (ton/mm) (4.10)

Kpe=5.72x105x 3=1.54x 107 (ton-mm/rad)

(4-11)

4.9.3 REHEERER X OEERIGEOBAKE

ChE IR LRIEREER S L O ERIEED S
Pz oL CTEZ B,

4, ZhbORIKEERS L OFLERIMEEL DRD

bhdold, Fig2-1 wRlLi-Lse, vva—Y 7%
BT THEBRESENS M FCELTHSEE DRI

TH 5o
F1o, BBEMTIE, ZOK, =— FEHFT FRRAA

FOFTRTOETELIELT WD, EVEXS &, B

BN I LT T» Tl B, EHEEY S L UERT
RREIAH 0, ThABIMCEERYRIET, £IT,

ME TR LRI RER & RBRER 2 BB L T4

bo ¥F, 7= AXWEENDOLNBERT HMERD
BEBEL .5 1T Fig 3-8k LUK TO Fig,

2-4 5 L 08 3-2 L b, EBRTOWMIRIMIIERET O

15 EMTE DRI W ERGN D, ThitH L, F 1k
DB CIE, 1/3 e egEEL, 2 -

A4 FORCEREY S 2 BEDAMEE BT T 78d

B, HA FOWMBEE =2 — FOMAERLD 2.5mm K
%<, FOFER, 2 — FIXTWMOATH A NICRERML
TWAHEEDRIMEE KD, & DFERELIIHHRINE
TEBRER L ZIE—FH Lo

fh75, BRI OWTiE, Fig.2-5 8 LU 3-3 T
FAUDOE - A a T 5 &, KL BERANT
TIEE A EENINT Edbnb, BV S E, 2
V& HA FOROREITHIFRIECH LTRIEEA LR
LR RITZRNZ EDRGH D,

PEmoa—rF&ra FOBOBREOZEDMIC, ZO
BOYF T, EWFHELOBEHLIETTHOT, &
ek - Th, RIEMET T %,

AEMHEER, R (4.6) FIO A7), k XUHKER]

il F @~ 1D *HATBE ko H
BETAULE DS,

5 TR KEOREEE

ST, H2ETRLEERS IOERBITER
e, wvx—Y TRETS2— FOTERLEHD,
FAFCEBIRTVWAHRIET, 7Vv—AXVEENL
B e — 2 v F 2\AEAT 2 5E ORKHEEI DL
TREHT D, £k L OBRMITER X » RKRERR
BEE RS & T, BRRERO REETICOVWTHF
MCEET 5o

51 EEAHLTHMITIE—AL IRERT DHBED

1 A B R R EEAHRARA R
5.1.1 7Uv—RXVEBENOZVEATIHEOR
IR

KT FL T, BATE T v—A X HEREEID
ZMERT B HA ORERECBEL T, B1HRTTS
BRI, £ETEOREYEURA LRI,

Pycl (oy - T?)=38.23—3.09 (5. 1)
- o, 0.346<8<0.546, f=d[D
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2 L ANALYSIS
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—x 0
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- X7 .0
R /340/
L 7
v
i /3
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/
Lo
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o
/
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Fig.5-1 Vertical load (P) and displacement (§)
relations under tensile and compre-
ssive loads (Theoretical analysis)

BB LW FEREORBED TEE S 7 L
—ANDEREED ¥ X5 EEENIMERT 5840
BARIREE Py 13, %< OEBRERL I ICME Uiy
BRI LD ERRTELINS,

(a) EHEENCHT3RRBE

Pyucl(oy - T =(4.1+20.38)-Q (5.2)
1.0 £<0.6
0.3/8(1—0.8338) £>0.6

(b) BIREBE N T2 BRI

Py/(oy-T?=2.15(4. 1+20.38)-Q (5.3)

LR LD LFIRBORKBETERRD 2. 15 f2io
8B TENBND, R, BETNAL FE L TD
BEC L HMEMETHD o0, FOMRESICL b,
FERERF ESRIEO BB T — FARA D10 &, B
DERC LD EEZBND, Thbb, FROTEBRTO
BB, EMED 5\ 3B R ECR T 5 BATE
THY, KN TOTRCLIDRKBEL b, Brd|E
WEDOHE, 1t VEVEXRTIDEEL b5,

TLT, KFROEFVCH L, BIENERL EHH
ERFCOEBOMERY, BRIEFIC L VTN TR, =
T TN USSR EIMER LB AOTWE - g
TEMBWERFA I HBE & BB LT Fig5-1 105
To HX VORISR LTH B8, Bk E
8% LML DB BROANECHELRL, 0
ZRIRELR>T0L, CRIRER BN T2 &
TOEHE— FOMRIZ LB EE: bhd, L Lies
D, AR DERICHE > TREBERRET S & iR
T X 5v:}f%ﬁﬂ%&?l?éﬂ#ﬂi&A&‘%ﬁiﬁ,fbhfgbo L
AT, RKRFREEWTUL, 4 FCFEIhz—F
WKU7§%?6Tﬂ%ﬁ%@£ﬁ%&ﬂ%ﬁ®%&ﬁ
guﬁuvé%&%z,%m,ﬁ@&)ﬁﬁmvgé%
NET D,

I, Q={

1.2 FVv—RIVHiFE~x vt 2 pnfEETS
BE DRKEE
MRS XA, BEICENETE— £ v F D2t

AT 2HEORMBE Muy 2K & 5 1 EEAR 3=
bEIhB,

Mys/(oy-T?-d)=6.1-B-(D[2T)05 (5. 4)
ERIERD X512, =2~ VOB L Sy 1

'ﬂ&m%ﬁ%ﬁ%&urwao:n&x%%fﬁ%eu

rm%%ﬁ%mﬁm?écé%%iaoiﬁvm,ﬁ%
@gm(Dﬂﬂwous%me?%o:h%ﬁ%%ﬁ
KL OIS, AL COBBRIFEFL D = — FiRE
Tt 15mm THBA, ZDREN % 10mm i (h
3%t%ﬁ@mmﬁﬁﬁ%$&toTzwmm@%%,
%@@gﬂgbm4namqnvéotomﬁb,T:
IanK?%&1%0M2JMm¢niT@TLto:
D2ODRRTIE, BREEL, R 5.4 LR,
me)O&HQS%Kﬁ%LTM%OtﬁL,%?
w®%#%l@§%ﬁ§©%§@ﬁﬁ®%@&bf,ﬁ
@4)@5@@%&&1&@3?5%%%@0,xm%
?@%ﬁﬁ®MEﬁﬁ%@§u,%E,%ﬁfibéh
N
Myp[(oy-T?-d)=3.11-8-(Dj2 T)0-5 (5.5)

Lﬁ%,:~FWETKEELTE6&,ﬁ%ﬁEMu
uT@LS%K%%LTM%C&ﬁ%ﬁéo

1.3 BEDLUFE~ 2 v 1 @RI R+ 258

& DR E BB R

AR THGIE TA OFES L O 8 B
ﬁ?&éfﬁtf%%ﬁ,%$%fwﬁm%$®%ﬂ£
Do LD, R L VELNBRBREY FOF &
mVTﬁ%ﬁEm%%%%ﬁac&m@%&woﬁm
== FOMBOBERIETT oy 3 LORET OBz~
@%%@k%b&%i&h%@f,if,:@%E%ﬁ
5

5L1 BRI 512 /ID gy HI0T ORKEE
NOEEIRRTELIND 2 L0 » oy

(a) BEENLEGHERT2HBEORKERE

Pye, Pyiocoy-T? (5. 6)
(b)) #Fe— 2 v b EIHEAT 2B &0 RKERE
Mypyccoy-T15 G.D

%:T,Lﬁ%ﬁﬁbf,%&m;b%%htﬁ%ﬁ
E%ﬁELto?tb%,%@%?weayxmeg
HRETETARELLAEB LS CHIE L CRKRES
HEE LI, ZDfER%E Table 5-1 133,

2B, BT COMERE X OMi o BgS
B, Puc BI Myp RFIT, EBks L OHRAHIC
LOBORIEEN &€~ 2 v AEBICEET5
BEDORMEE (Py, M) REATAL Licy & DRER
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Table 5-1 Ultimate strength of models
(Experiment)

ULTIVATE NAME OF MODEL  ImoDEL |MODEL |MODEL | MODEL | MODEL | MODEL
STRENGTH 1 i bi v v W

Pu’ (Pu FOR T=15 8:0y=301 | g0 | 94.8 | 686 | 64.6 | (54| O.
| on

Mu' (Mu FOR T=15 & Oy=30)

tonmy 0. | 1.42 | 1.84| 3.88| 4.71 | 5.02
pu' /Puc (ANALYSTS) 1011 | 1.080] 0.789| 0743 { 0.177] o©.
Mu' /Mub (ANALYSIS) 0. |0.349]0.455|0.884] 1163 | 1.239
1.5+~

Pu TANALYSIS (PNM) P
Puc P~ A EXPERIMENT l

M

/'N

FULL PLASTIC INTERACTION
CURVE OF BRACE_

.\ .
\\Av
\
Voow
YN
1.5
Mu /Mub

Fig.5-2 Interaction relation of ultimate
strength

% Table 3-2 s L' 5-1 ©iRd, “hbDFHEERZ
HTELTE, Fig5-2 RT X5 iR REEBIBIfR
RELKhD, =T, BRMINCXHELIHEBEA
BEZE, TOBREACEL, LMK TEDLT
S EMTE B,

(PulPye)?+ (Mu Myp)*=1 (5.8
5.0 THERSHORKRECHTZEE-T ol
D EAEREEE)

ChE TR LERS LOBRBITCL VB ohi
BTREEEGEY L EEBENR LOMFE -2 v b
PRI EA T 5 B A IRO RAKEE RO EREEIC O
TEEYIT )0

5.9.1 SRR L BRMBTERO LK

¥¥, Fig 5-2 R LcERER L BRATTRER T I
T 5, MEHFOBEIL 2 OOBEFNTE—HLTVD
M, HIFOERNAE IS EEREROHVETFE
BHmEY RHAERCH D, S, Ei, HERMBHTT
BIMTE Y ZE LT icdEELbhb, Titbh
b, BAESCEAT AT E— 2 v FRESLBD L,
SRR B IR K E RO TR £ U5 IR
NHY, MITOEEIKEILbo

5.2.2 7 U—XDREKBEMHBEBER

BRBEROREN, 22— FNETrv—ADWTHhTE

LTWBOnERETHH, 22T 3, 7Vv—3A
DERHEEAHBRARE KD D,

TV —AD X 5 i FEETE A T ET) P &g
E— 2 v FMAMERT A HAOLWEBMERE, T7ch
5, HEOMTE LA & LB E O FK BB
R, "R TELINS,

Lyp=M|Mpp—cos(wP[2Ppp)=0 (5.9
AR BT BEITEFA DT v —AFER LORR
EHDEE, Ppp B IV Mpp LRDEEL TS,
P,,=115.9(ton), My,=4.62(ton-m) (5.10)
#2721, d=135(mm), ¢=9.82(mm),
oy =30(kgf/mm?)
FRofEy, £ G.9) KRAL BASORMKEELS
FKE, BRI I D Pue B X0 My I X » TEKIT
{b#&AT - 1o 7 L — AR E BB % Fig. 5-2127R 30

5.2.3 BAIOFEED)

Wiz, EBR I OBHREITC L VEORIE AR
REREEMARIEIR L 7 v — AORKHE (RETEEEN) 18
Bghig 5, 0>, HaMTC X 51EBIBRfR
L7V — ADMEBMEGRIT R INTEEEZZER L TV igw
DT, FHEDHEINTED, ¥F, EAMIERTLE
BEHLEFE—2 v D5, BENPIEBTHSY
20, HHME T V= ALTHEREWANE-TED
BIRRERIC 2 — FARELTWA L EX DR o —
%, e — 4 v FATEMEER, ERR JOER
MITERY B &, BERAERK, 7Vv—ARI0=2—
Fir, A fe b AEE b oo TEBHEAERLTE
D, BEEVCRBBES B, 2T, WTRARELT
W DR FEND b, FORENMEITRED
FACH T A EREY MR Lo TOKER, (i)
B EROME LRI, = - FOFA L DIREEC
bitoTWb o &, b, (ii) Fig2-7 wirlLicd
512, FU—ADEEIIERL 2 - FOBEEHARATED
TWB o &, REBNMBRI, THHDERNLHETL
T, ROEHRIEDBRD, Ticbb, ARETHEEL
T BHEREFLOBE, HOPIEBENR IO
-2V FOEARHECK LT, EAHMOMEL2—
FOREZ X » THEIhTVWBEE L bR b, £
C, kic, 32— NHEETABEDT - FIZOWTEX
B 7L, FEMAELL, - FERTET VRO
HEHBRENATEE LI DSPLETTSE, 71—
AP BRRRECE D, SAHSHETS LT

LEZbID,
5.3 TEEISHOSZKAECHYTHER-II (3—F
DOREE—F)

W%K%bf,ﬁﬁ%f@Tﬂ%ﬁﬁ@%ﬁ,ﬁEﬁ
B IUHITFE— 4 v P OESRWECH LT, HE 2
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Fig.5-3 Assumed plastic hinge lines and o 1
resulting mechanisms 25
Mu /Mub

— FRIDSRACIREICE - TRARS BHET 5 - L85
MITIE 5o ETAT, 2— FOEBRD T - 1 &
LT, RD220F2bh5, 192 — FOLHH
£UB L5 e EHBIETI X A U T 5 B2 T,
b5 127 v — R EDEAO B SRR DR
MR E LB BETH D, WMHBIEIRIC X ol L LT
TR x DRENE L bhb, —F, MK E LTI,
THIHIST 2 EIIRANC I D DI, SRR RIS 7

VAL DERHINELTELABETHLDT, &
DESIOREEF R E TR IV U, =2 - Fogs
- ND, D200 T~ FOWFRIZE G AR
15,

531 EMEBIARIC X 2 BIEITR S h 5 BADH

BHE

2 FRRZEETAH 5 0T, BHEBIERIC & 5 i
EEECRFE L, TORNMIEYEGHET & &2kl
Vo ZITHL, - NEEHEES, BE&EmomkryE
BB IVHREERELY b L0 TF B3 B ic {5
BLT, ZTORBEREYRDTHS,

Y, MEMOBECTLTELD, ZOBLDORY
Hp7cBIETRAR & LTI, Fig5-3 (@) Rt X 54
WRBEZ RSB, Zhil, F1HTRREEOHER
TECRE LR ER UTH B, BFEDE LS
L@, KRB IOERBITKEYBZCRE LY, =
— FRE T=15mm ¥ XORBERIET oy =30kgf/mm?2
KT 5 DIBEDEHERE Py 13 92.1ton Lig s,
CHITEERR S X OB SRR A B FE BT oy

R, METOFEEEL 5, ZOBEDOED Ml
BIEARAIR & LTi, Fig.5-3 (b) D X 5 ki »
bhd, - DBIEHFIE, Fig 27 1R Lz k 51z,
BT OBAR, BHERC RTINS & A S 4
CTigh & ST g, CDPEDERE E — »
Vb My, 13 10.0ton-m TH3, = hITEH: & O
MENTRER L D b k&,

HLEDHERE G & OMEH T ST E S, E8k & ovm

Fig.5-4 Interaction relation of ultimate
strength by shear yielding and
mechanism

Fig.5-5 Assumed stress distribution
for shear yielding

ARFHTIER & LB LT Fig. 5-4 LOMITHRS,
532 SETEBIMBERME U BE O BENE
R, BRI DBEOBEREYE 22, 71—
AL DBEWCEED LT — 2 v L SRR EET
DHEDEEE T O — RIS A F % Fig,
55 DISKRET B, HEDD, o Th, a— K
EVHEEEL TS, 02— FEFED SIBTE L v
—ADWHAEDIEITH D, ZORTERSTEE Lic
£D, TREFVEI VR I DVDIERABEE L IO
HFE—xvirEdRpBzENTES, CDENEER
RAZRT,

M| Ms— cos(z P2 Ps) =0 (5. 1D
ABIFC R BB ETALOBE, FRO Py & 100
M BWRDfEE 5,

Pg=111.0 (ton), M;=4.81 (ton-m)  (5.12)
7CEL, d=135 (mm), T=15 (mm), Ty=0y/VT
(Mises D& H)=17.32 (kgf/mm?)

A (G 1D BIV (5.12) TH> SN 5 SUKTRE (AR
BIth#, Fig 5-4 \oBifg CRd,

5833 - FOH#E— FoHkE

ZIT, =2— FDREiE — Mo Ti#ET %, Fig
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Fig.5-6 Assumed plastic hinge lines and
resulting mechanisms for bending
moment
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