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9 APENDICE | — Célculo das deformacdes admissiveis sob
efeito de flambagem localizada utilizando a DNV OS-F101
(2000)

DNV OS-F101 - Flambagem local - Deslocamento
Controlado
1. Introdugao

Os célculos a seguir s&o apresentados para o célculo das defomagdes permitidas pela DNV
(2000) para o critério de flambagem loclaizada com deslocamento controlado

2. Dados de entrada:

2.1. Dados de entrada dos dutos

DE:= 12.75in Diametro externo do duto

t:= 17.5mm Espessura de parede do duto
tc:= 85mm Espessura do revestimento
o= = 18.506

t

2.2. Dados de entrada do material

Propriedades do material do duto, DNV (2000), Secso 12
H101:

API 5L X-60: SMYS := 414-MPa SMTS := 517-MPa E:= 207-GPa

2.3.Dados de entrada da embarcacao

Diametro do carretel: D, = 18m Raio do aligner: = 9m

Rulg_u

2.4. DnV safety classes, factors and parameters

Classe de locagao, distancia <500m de atividades humanas, ref. Tabela 2-2: 2
Classe de seguranga para instalagao, ref. Tabela 2-3 e Se¢ao 12 K100; Baixa

Fator de de carga, ref Tabela 5-6 (combinagéo de carregamento =12
gy

Fator de condigio do efeito de carga, ref Tabela 5-7 (Suportado Y= 082
por superficie rigida continuamente):

Fator de resisténcia a deformagao, tabela 5-8: g =21
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3. Metodologia
Verificagao do enrolamento de acordo com a Secgéio 5 0507, para pe = pi = 0 MPa.

3.1. Verificacdo da deformacao longitudinal compressiva
devido ao enrolamento:

A maxima razao de escoamento permitida de acordo com a requisigdo
suplementar P da Segao 6 D300

oy = 092

A espessura de parede para ser utilizada nestes célculos € o valor nominal sem efeitos de
corrosao, ref. Segao 5 C302.

t =t {para instalagao)

Fator de garfganta de solda, Segéo 12 F900, na forma algébrica:

.. DE
Oy = 1 1I‘T<1)

1 -06 { DE -
1 | — ~ 20| otherwise 1
60-20\ t Qg =

Deformagao caracteristica de acordo com D507 (sem pressao diferencial).

" t " -15
£,:=0. rR-(E 0 Il)-l’th gy

Deformagao longtudinal analitica devido T —. . S
ao enrolamento: ANAIHCO ™ D gr + DE+ 2t
k- car
Deformagao de projeto, Segao 5 D50T: . Fe
(Fatores de accordo com Segdo 5 D204, eq. Ed= ‘T_
3
5.12)
&d
Deformagao admissivel. eanalitico deve ser emnor que este®adm = o
valor. Fc
¥ g Eanalitico
Fator de Utilizagao da deformagao compressivel permiida: i s ————
fadm
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4. Resultados

DE = 323.85-mm
t=17.5-mm
DE _
— = 18.506
t
€, = 3.893-%

ara = 7 L0
analitico = 1-7°1-%

Eadm = 1.884-%

FU,, = 92.96:%

204

Diamefro externo nominal do duto

Espessura nominal da parede do duto

Deformagao caracaterisitca DNV
Deformagao longitudinal analitica

Deformagao admissivel da DNV

Fator de Utilizagao
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10 APENDICE Il — Célculo das deformacdes admissiveis
sob efeito de flambagem utilizando os critérios da APl RP
1111 (1999)

APIRP 1111 - Calculo da deformacao sob efeitos de flexdo pura aplicada
ao processo de enrolamento

Dados de entrada:

DE:= 12.75n Digdmetro externo nominal DE= 323.85mm
t:=17.5mm Espessura
Dipax= 327mm Diametro Maximo (valor proveninente do modelo de enrclamento 30)

D,

mini= 319.7mm  Digmetro minimo (valor proveninente do modelo de enrolamento 3D)

D e = 18m Diametro do carretel

Célculo da ovalizagéo:

D, D,

max min

D,

max " “min

5=1.129%  Ovalizagao
Cilculo do fator de reducédo de colapso:

=)
g5:= (1 + 20.5)

26 = 0816

Cilculo da deformagio de flambagem sob flex#o pura:

L
By, ~—
b 5DE

: Rl
£ = 2.702%

Ciélculo da deformagio analitica quando um duto é flexionado sob o carretel:
DE

N e gt
analitico = 4
DE + Dy

Eanalitico = 1.767 %

Avaliagdo do critério:

B
admAPT. e5Critério para resisténcia a carregamentos de flexao

£p
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Logo:
EadmAPl = €185
2.204%

BadmAPL =

Caélculo do Fator de seguranga:

€

dmAPL

FS = —

Eanalitico
Fs=1.247

No entanto, a AP| sugere que para evitar flambagem a relagdo seguinte deve ser obedecida

EadmAPI = r’_"sam] itico

Onde 2 € o fator de seguranga para efeitos de flexo. A AP sugere que seja utilizado para 2 o
valor de 2. No entanto, f2 pode ser menor para céculos de enolamento em dutos.

=2

Reorganizando a equagao acima, tém-se a seguinte relagéo:

_ FadmAPI
O g
analitico t

E
TodmATY 1.102%  Um valor menor que o analitico, e portanto este duto n&o estaria

2 aprovado pela API, porém questionavel pela prépria abertura da API

No entanto, no mercado vém sendo adotado para f2 o valor de 1, ja que o valor igual a 2 estaria
considerando os efeitos dinamicos de langameto. No processo de enrolamento, néo existe
razéo para utilizagio deste. Portanto, o valor & ser considerado deve ser de cadm=2.204%,
neste caso.
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enrolamento (“back tension”)

Calculo da minima carga para enrolamento

A Tigura ahaixo apresenta uma representacdo simplicada do enralamento de um duto

Unidade:
Jap = 10000

Dados de entrada:

Diametro Externa: DE := 12 75in
Espessura de parede: t-= 17 Smm
Raio o caretel. g = B

Dados de material:
Minima Tens3o de Escoamento Especificada: SMYS = 414MPa
Talerncia do SMYS: EMY 8, = 120MFa

Maxima valar de SMYS: EMYE, = SMYE + BMYS,
SMY S, . = 534 MPa

Calculo do mddulo de segio plastico:
Diametro Interno: DI=DE- 2t DI= 283 85mm
Maximo valor de espessuta de parede (+18%): - 118t [ 20.65 mm

Maximo didmetro externo: Dipastol = DI+ 2t Dy = 33015 me
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Momento de Inércia do duto:

4 )
Dinaxtol DI g
2 2

4

I:= n-

I=2415x ll_lgrnm:1

Do,
Distancia da linha de centro do duto g SHBOL o e

& I L) ~
a fibra mais externa: <

Médulo de sego pléstica: Ziom = Z=1463x 10°mm’

Calculo do Momento Platico:

Momento Plastico: Mp = SMYS, -2
MP = 781.18kN-m
Calculo da minima carga requerida para o enrolamento:
M. "
Carga Minima: Fonin = ——
rcar
F = 86.798 kN F. = E.6% ton

min min
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12 APENDICE IV — Célculo do limite da zona eléstica ao
longo da secédo de um duto sob esforcos de flexdo

Calculo do limite da regido elastica em um duto sumbemtido a esforgos
de flexao

Dados de entrada:

Diametro Externo do duto: DE:= 12.75m
Diametro do carretel: Dy = 18m
Limte de Escoamento: S}, = 414MPa
Mddulo de Elasticidade: E:= 207GPa

Calculo do raio de curvatura da linha neutra:

; DE
Raio externo do duto: Tt = Tayt = 161.925mm

" " Dcar 3
Raio de curvatura da linha neutra: TN Taxt o ey = 9.162x 10" mm
Raio de curvatura plastico: "p]as;l LN
Cilculo da deformagio de escoamento:

3,
Defromagao de escoamento €, = ?\ g, =02%
Calculo do limite da regido elastica:
Limite da regido elastica em um duto sob S
esforgos de flexao:
yy = 18324 mm
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finitos para verificacdo dos critérios de momento limite
plastico e deformacéo caracteristica

13.1.DE=6.625", t=19.05mm, DE/t=8.8

LE, LELl
(Bvg: 754
+3.189e.0

LE, LE1l

PN allowable ptrain of &' pipe with HT of 19, 1lmm

P Buckllrit PSWTLY.odb ABAQUS/ STANDARD Vereicn 6.6-3
Step: Step-1

Increment 11l: Step Time =  0.6851

Primary Var: LE. LELl

B i allowable gkrain of 6" pipe with WT of 19.1lmm
40DE: BucklCrit PSWT13.odb ABAQUS/STANDARD Wereion 6.6-3
Steps Step-1

Increment 72: Step Time =  0.5917
Drimary Var: LE, LE1L

LE, LE1l
(Awers 75%)
¥
+10
+10
+EL
+31
-il

Fle ptrain of 6" pipe with WT of 7 ﬂ’ eigirain of 6" pipe with HT g
T D6WTIS.odb  ABAQUE/ETANDARD Vere & ch g Prosvtis o ABAQusfs'mumnn

S: Step Time =  0.8688 T / 27 Step Time = 1.000
1 B yis

1
13 :
Var: LE, LEL EE, LEIL

1E, LELl LE. LELl
(Bvg: 75%) (Avg: 79%)
+3.1832-08 +1.305e-01
+7.561e- 08 +1l005e-01
+hi133e-0F +i.043e-02
+3.505=- 0% +5.0d3e-0F
+310772- 02 +4.048e-02
+115432- 08 +3.048e-0F
+3.1d3e-04 +40715e-04
-1.507e-0d -1.55e-02
-3l03de-03 -3l354e-02
-al5h3e-03 -5.354e-02
-6.030e- 03 -7.355e-03
-7.61l9e-03 -9.355e-02
-4l1d6e-03 -1l1dBe-01
Min: -3.14fe-02 Min: -1.136e-01
Elem: PIPELZTHWTLTMM-1.1000 Elem: PIPELITNWT1TMM- 1.&&0
Hode: 239 Hods: 243
Maximum allowable etrain of 6] Maximun allowable etrain of 6"
30DE: BucklCrit P6WT13.odb 1 Mon 30DE: BucklCrit PG6WT19.odb H Mon
Step: Step- Htep: Step-l
Tncrement Tir Step Time = Increment 111: #tep Time =
Primary Var: LE, LELL Primary ¥ar: LE, LELL
1E, LELl LE. LELl
(Bvg: 75%) tAvg: T5%)
+1.98ge-0l Wiids R +2.48le-01
[505e i +I1l94%e-01
+102352-01 i +10405e-01
+3435=-02 . +El670e-02
i5riiEenad N Hridesiod
425e- -iiDEBe-
~Z.960e-02 \\\*—'-‘.- -7.467e-02
-BL76e-0d -1liif5e-01
-1.057e-01 -1l3iZe-01
-1.437e-01 -Z.if0e-01
-1igl7e-01 -Z.338e-01
-&i137%e-01 -ildife-01
-3i57de-01 -3l37d4e-01
Min: -1.5T¢e-01 Min: -3.974e-01
Elem: DIDELZTHWTL7MM-1.840 Elem: DIPEL:TNWT17MM-1.840
Hode: 15 Hode: 15
Maximum allowable strain of 6" Maximun allowable etrain of 6" pig
30DB: BucklCrit_D6WT13.odb 62 Hon 30DE: BucklCrit PSWT19.odb 6-3 Hon

Step: Step-1 Step: Step-l
Increment 135: Step Time =
Primary Var: LE, LELL

Increment 143: Step Time =
DPrimary Var: LE, LELl
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13.2.DE=10.75", t=25.4mm, DE/t=10.8

1E, LE1l
(BRvg: 75%)
+7.476e- 02

+§
+5.003e-03
+3.776=-03
+%.5

Emen| 34: Step Time =  0.71I9
Drimary Var: LE, LE1L

Allowable etrain for 10" Pipe with WT of 5.4
BucklCrit_P1lOWT2S.odb RBAQUY/STANDARD Vereion 6.6
Htep-

Increment 153: Step Time =  0.3032
Drimary Var: LE, LE1L

LE, LELl
(Avg: 75%)
+

7. -
+6.1dde-03
+5.009=-03
+3.776e-03
+%.5432-03
+1.
+7.

JE AN

Min:
Elem: PIPELZINWTLTMM-1.2010
Hode: 349

Mazimum Allowable ekrain for 1
.30DB: BucklCrit P1OWTZS.odh
Step: Step-l

Increment 34: Step Time =
Primary Yar: LE, LEIL

of
&

1E, LE1l

(Avg: 75%)
+1.204e-0
+1.07de-0
+3.437a- 10
+6.134a- 1,
+31 -
+1.

JETSVICTE Y

Min: -1.460=-01
Elem: PIPELZINWTLTMM-1.1830
Hode: 15

Maximum Allowable etrain for 10)
3[1]1E= BucklCrit P1lOWTZS5.odb A
Step: Ftep-1

Incrament 153: Step Time =
Primary Var: LE, LE1l

LE, LE1l
(Awg: 7381
Fo.08le

-0,
+6. 7dde-

F
F

+5.407e- 02
-0

113: Step Time =
LE. LELl

. Allowable etrain for 10* Pipe with WT of 25.
BucklCrit_PLOWT:S.odb  ABAQUS;STANDARD Vereio:

ep: Etep-l

ncrement 161: Step Time = 1,000

rimary vVar: LE, LEIL

LE. LELll
(Awerr 75%)
*E.08le-02
+6.74de-0F
+5040%e-0F
+3.070e-02
+3.733e-0F
+10
+5.

e

Min: -7.963e-02
Elem: PIPELZINWT17HM-1.1010
Hode: 249

Maximum Allowable etrain for 1
Mo 30DE: BucklCrit P10OWTZS.odb
Step: Step-l
Increment 113: Step Time =
Brimary Var: LE, LELL

of
A Mo

LE, LELll
(Avg: 75%)
+1.552e-0

e

1
o1

3
02
03
0z
0%
01
01
o1

o1
33%e-01
Min: -2.333e-01
Elem: PIPELZINWT17HM-1.1930
Mode: 15

Maximum Allowable etrain for 1
Mo 33“3: BucklCrit P1OWTZS.odb A
Step: Step-l
Increment 161: Step Time =

Primary ¥ar: LE, LEll
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13.3.DE=12.75", t=25.4mm, DE/t=12.8

LE, LE1l
(Ao e

LE, LE1ll
Aver; Ta

(A

et

aximum allowable etrain for 13" pipe with HT of 35.4mm Foximnn allowable etrain for 13° pipe with WT of 25.4mm
DE: BucklCrit F1iWTi5.odb ABAQUE/STANDARD Vereicn 6.6-3 Mo 10DE: BucklCrit PLIWTiS.odb ABAQUS/STANDARD Vereion 6.6-3 Hes
- Step: Step-1
64: Step Time =  0.6035 Increment 70: Step Time =  0.6302
E1L Primary Var: LE. LELl

LE, LELl
(Avyg: 75%)
+

owable gtrain for 12° pipe with WT of
rit b

rain for 1I* pipe with
13HTiS.odb ABAQUS/STANDARD Vereio:

Bt
ELIWTZ5.odb ABAQUS f STANDA

83

TK1C

34: Step Time =  0.3483
11

106: Step Time = 1.000
Drimary Var: LE, LE 11

: LE, LE

LE, LELl LE. LELll
(Avg: 75%) lave: 75%)
+6.257e- 02 ¥E.668e- 02
+50 -3 +5.571e-0F
+3. R +3.27de-0F
+30 ] +30376e-02
+31 -03 +3.373e-0F
+1 B +1l11e-0F
+ -0 +5.371e-04
- -0l -1i0lde-02
-03 Z.1lle-03
-03 5.309e-03
R 4.3062-02
H 5.3042- 02
- -03 §.501e-03
Min: -6.066e-02 Min: -6.50le-02
Elem: PIPELZINWTLTNM-L.3040 Elem: PIFELIINWTLTMN-1.2040
Hode: 348 Hods: 348

Mazimum allowable ekrain Maximum 2llowable etrais
.50D: BucklCrit _P1lIWT35.o0 - Mo 30DE: BucklCrit P1IWTIS. - Mo
Step: Step-l

Increment

Brimary Yar:

4:_ Step T

i4: 70: Step
1E, LEIL

E1l

LE. LEll LE. LEll
(Avg: 75%) {Aveg: 79%)
+3.672e-03 +1.01%7e-01
+7.175=-02 +6.448e-02
+4.579e-02 +1.715e-02
+2.483e2-03 -3.386e-03
+8.628e-04 -4.722e-02
dig
1l03e-02 -1.583e-01
493e- -1l.362e-01
«l3oe- -i.33de-01
4i3e- -1.706e-01
-l.fifSe- -3.073e-01
. 1 n 3.073e-01

Elem: PIPELZINWTLTHM-1.l830 Elem: DIFELIINWTL7MM-1.1331
Hode: 15 Hode: 185
Maximum allowable etrain for Maximum allowable etrain for . dum
3[1]1E= BucklCrit P1lIWT35.odb wh Mo 33“3: BucklCrit P1ZWTIS.odb on. G5.6-3 Mo
Step: Ftep-1 Step: Step-l
Incrament 34: Step Time Increment 106: Step Time =

Primary ¥ar: LE, LELL Primary Var: LE, LELL
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13.4.DE=12.75", t=17.5mm, DE/t=18.5

LE,
|
¥ I
I
T-3.870e-02 To-3.952e-02
Elem: PIFEL2INWTLTMM- 1.2008 Elem: PIPE1ZINWT17MM- 1.3008
MNode: 211 Hode: 311
2 2
Maximum allowable deformation for 12" Pipe with WT of 17.5 Maximum allowable deformation for 12" Pipe with WT of 17,5
{ODE: BucklCrit PLIWTL7.odb ABAQUS; STANDARD Vereion 6.6-3 {ODE: EucklCrit P1IWT17.odb ABAQUS/STANDARD Vereion 6.6-3
gtep: Step-1l Step:s Ztep-l
Increment i4: Btep Time = 0.4416 Increment 25: Ztep Time = 0.4463
Primary ¥ar: LE. LE1ll Primary Var: LE, LEll

LE, LELl

LE, LEl1l )

(B
+1.
+T.
+3.
-3,
3.
3

Maximum allowable deformation for 13" Dipe with WT of 17.Smm lowable deformation for 11" Dipe with
4GDB: BucklCrit PI2WTL7.odb ABAQUE/STANDARD VYereion 6.6-3 1Crit_P13WT17.odh ABAQUE/STANDARD Ve
Step: Step-l ;

Increment 43: Step Time =  0.6481 71: Step Time = 1.000

Primary ¥ar: LE, LELL 1E, LELL

LE, LELL
(Avg: 75%)

+5.062e-02
. -02
+3.407a-02
-02

-0
-03
-0z
-02
-0
-02

A

Min: -4.863e-02
Elem: PIPE1ZINWT17MM-1.30
Hode: 243

Min: -4.7%de-03
Elem: PIFELZINWTLTME-1.20
Node: 243

2 2
Maximum allowable et T Mazimum allowable et
3DDB: BucklCrit PLOHT| b L6-2 ?DE: BucklCrit PL1OWT
Htep: Step-l Steps Step-l

Increment

Increment S8z
Frimary vVar: LE.

55:
Primary var: LE.

1E. LELL LE. LElL
(Aveg: 75%) (Bvg: 75%)
3. +1.0562-01
+7. +7.335e-03
+5. +51321le-03
+3. +1.700e- 0T
+3. +7.831e-04
+3. -1.53%e-02
-1, -5.165e- 01
. -7l788e- 0T
-1.04le-01
-1l303e-01
-1.565e-01
-1i827=-01
- -Ti0gde-0l
Min: - Min: -2.089s-01 1
Elem: PIPELZINWTL7HE- 1.1 Elem: PIPELZINWTL7HMM- 1
Hode: 15 Node: 235

Maximum allowable e
AHDE: BucklCrit PLOW

Step: ftep-l
Increment
Drimary Var:
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critérios de momento limite plastico e deformacéo caracteristica

13.5.DE=12.75", t=15.9mm, DE/t=20.4

1E, LE1l

(Avg: 75%)
+3.414e-03
+3,8520,

ximum allowable etrain for
10DE: BucklCrit PLIHTLS.odh
Step: Step-

Increment 13: Step Time =
Primary Var: LE, LELL

LE, LELl
(Rvg:
it

e etrain for L

12WTL5. odk

. 44:_Step Time =
Primary Var: LE, LELL

LE, LE1l

(Rvg: 754)
+3.41lde-02
431
4301
+1.7
+1.1
46,1
+5.1
-5.0

-1.0
&
1
7
3
3

s

Min: -
Elem: FIPELZINWTLTMM-1.3010
Node: 349

Maximum allowable etrain ff

Increment

Primary Var: LE, LELL

LE, LE1l

Min:

1.292e-01
Elem: PIPELZINWTLTMM-1.1830
Hode: 15

wm allowable etrain

Drimary Yar: LE, LE1L

12" Pipe with
ABAQITE/ STANDA

0.3737

2" Pipe
ABAQUE/

0.5300

HT of 15.3mm
FD Vereion 6.6-3

Ha1

Ha

214

LE, LE1ll

i

ximum allowable etrain for 12" Pipe with WT of 15.3%mm
4ODE: Bucklfrit PLIWTLS.odh  ABAQUS/STANDARD Version 6.6-3
Step: Step-
Increment i0: Step Time = 0.4008
Primary Var: LE, LELL

= Etrain for 13' Pipe witiy
t_PLIWT1S.odb AEAQUS / STANDAREN

65: Step Time = 1.000
: LE, LELL

LE, LELll

(Awg: 75%)
+3.7ide-
+3.110e-
+1.497e-

Min: -3.637=-02
Elem: PIPELZINWT17MM-1.1980
Mode: 350

Maximun allowable etrain
30DE: BucklCrit PLIWT1S.ox
Htep: Step-l

Increment i0: ftep Ti
Primary Var: LE, LELL

LE, LE1l
(Avg: T5%)
+1.331le-01

4B
+i.1dd4e-02

PRIV
e
I3
o
ft

Min: -4.167=-01
Elem: DIPELZINWTL7MM-1.1309
Mode: 291

Maximun allowable etrai

Primary var: LE,

Mo

Mo

Mo
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14 APENDICE VI — Resultados dos modelos de sapata de
anodo com duto engastado 3D

14.1.DE=6.625", t=19.05mm, Dsapanodo=60mm; Lsapanodo=50mm

Dips 6"

Anode Pap diameter of 60mm -

WT of 19.05mm

ODE: Pipefiin ANGOmm _HTLl3mm Diet30mm.odb ABAQUE/ STANDAFD

étep: Ztep-2, Enrolamenko

37 _Step Time = l.000
ar: LE. LElL
Deformed VYar: U Deformation Zcale Factor: +1.000e+00

Increment
Primary W

CO6601350

LE - LE11

X107
000 f [ —— [ — ]

800

00 [ }

000 | T

12,00 |- [ R i

0.00 2.00 4,00 6.00 8.00 [x1 03]
Trie distance alona nath 'C.ORRN1950"
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14.2.DE=6.625", t=19.05mm, Dsapanodo=80mm; Lsapanodo=50mm

Dips 6"

Anode pad diameter of $0mm - WT of 13.05mm
ODB: Pipe6in_ ANSOmm_WTLl3mm DietS0mn.odb ABAQUS/ STANDARD Version 6.

dteps Step-2, Enrolaments

Increment 3
Primary War: LE. Ll

Deformed VYar: U Deformation Zcale Factor: +1.000e+00

Co6801350

LE - LE11

4: Step Time =
E1l

X107

l.000

0.00

4.00 |-

6.00 |-

'
|
|
|
|
-
'
'
'
'
|
|
|
'
'
'
.
|
|
'
'
'
|
|
-
|
'
'
'
'
|
|
|
|
'

[ A

-8.00 |-

-10.00 —---

-12.00

0.00
Tre

2.00 4.00 6.00 8.00 [x10°]
distance alona nath 'C.OARN1950'
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14.3.DE=6.625", t=19.05mm, Dsapanodo=80mm; Lsapanodo=100mm

Dipe 6" - Anode Pad diameter of 20mm - WT of 19.05mm - DiBtan
ODE: Pipefiin ANSOmm WTL13mm Dietl00mm.odb ABAQUS/STANDAED Weremion 6.067%

étep: Ztep-2, Enrolamenko

Increment 37 _Step Time = l.000

Primary War: LE. LEll

Deformed VYar: U Deformation Zcale Factor: +1.000e+00

X107

1771 — —— —— -

200}

400 b

r___
'
'
'
'
'
'
'
'
'
'
[ _ -
'
'
'
'
'
'
'
-

6.00 |1 311 S S S o

LE - LE11

[ S

8.00 [ b O A ¥

TV J S S S S -

-12.00 —---+----- [ L R F—

0.00 2.00 4,00 6.00 8.00 [x1 03]
Trie distance alona nath 'C.OG8N19100"
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14.4.DE=6.625", t=19.05mm, Dsapanodo=80mm; Lsapanodo=150mm

Dips 6"

Anode Dad diameter of $0mm -
ODB: Pipe6in_ ANSOmm WTLl3mm DietlS50mm,odb

dteps Step-2, Enrolaments

Increment 3
Primary War: LE
Deformed VYar: U

CO68013150

3

LE - LE11

Step Time = l.000
. LE11l
Deformation Zcale Factor: +1.000e+00

1073

WT of 13.05mm - 1
ABAQUS/ STANDARED Wereio:

Diptance

0.00

-2.00 |-

___________

____________

________

4.00 |-

___________

_____________

__________

-6.00 |-

R

[

-8.00 |-

-10.00 -

12.00 [

""" AN 0 S T

N s
R [ -
_____ I

0.00

2.00

4.00

6.00

8.00 [x10°]

Trie distance alona nath 'C.OG8N19150'
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14.5.DE=6.625", t=19.05mm, Dsapanodo=100mm; Lsapanodo=50mm

étep: Ztep-2, Enrolamenko
37: Step Time = l.000
LE1l

Increment

Dipe 6" - Ancode Pad diameter of 1l00mm - WT of 13.05mm
ODE: Pipefin AN1OOmm HTL19mm DietS0mm.odb ABAQUS/STANDAFD Wermion .67

Primary War: LE.

Deformed Var:

Ccofl001350

Deformation Zcale Factor: +1.000e+00

LE - LE11

1073
0.00 f—---i---lobs S Lo [

w00 |

6.00 |-

---=
'

'

'

'

|

|

|

'

'

'

b a-
T

|

|

'

'

'

|

|
---A

_____________

[

-a.uo—-t- ----- S S— A1 B

-10.00 |—-------- \J ----- S R

0.00 2.00 4,00 6.00 8.00 [x1 03]
Trie distance alona nath 'C.0&1001950'
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14.6.DE=10.75", t=25.4mm, Dsapanodo=80mm; Lsapanodo=50mm

Pipe 1I" - Anode Pad diameter of 80mm - WT of 25mm - Diptance Anode Pad to We s
ODE: Pipelfin AN2Omm WT2Smm DietS0mm.odb ABAQUR/STANDARD Weremion 6.6-2 Mon g

étep: Step-2, Enrolamento

Increment fi0: Step Time = 1.000

Primary War: LE, LEll

Deformed Var: U Deformation Hcale Factor: +1.000e+00

10
0.00

4,00 |- —

-8.00 | —{--—-----

12,00 |-} ,
-16.00 |—-- Y. o] ‘/\1 R S S

20,00 |—---booeeheeeedeea ] | . —
|

LE - LE11

0.00 2.00 4.00 6.00 8.00 [x10°]
True distance alona nath 'C.108025480)
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14.7.DE=12.75", t=25.4mm, Dsapanodo=80mm; Lsapanodo=50mm

Pipe 1I" - Anode Pad Diameter of #0mm - WT of 25.4mm
ODE: Pipelzin AN2Omm WT2Smnm.odb ABAQUZ/STANDAFD Veremion 6.6-2

étep: Step-2, Enrolamento

Increment T9: 8tep Time = 1.000

Primary War: LE, LEll

Deformed Var: U Deformation Hcale Factor: +1.000e+00

-
0.00

-4.00

T
'
'
T
'
'
i
'
'
'
i
'
Lol
v
'
'
'
Loo-b
'
'
'
R,
'
'
'
'
.
'
'
'
'
r
'
'
— e
1

800 ||

e

:

:

IR S

.

:

:

:

L S

\

:
—

AFAA
'
'
T
'
'
R
'
'
T
'
oo
h
'
'
oo
oo
1
'
o
'
'
'
'
R S
'
'
—

-12.00 |— }

LE - LE11

w00 [

2000 oo Al

2a00l

0.00 2.00 4.00 6.00 8.00 [x103]
True distance alona nath 'C:1280255K0)
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14.8.DE=12.75", t=25.4mm, Dsapanodo=80mm; Lsapanodo=100mm

12" Pipe - Anode pad diameter of 80mm - WT
ODE: DipelZin ANSOmm WT2Smwn_Dietl00mm.odb

étep: Htep-2, Enrolamento
Increment 1l00: 8tep Time =

Primary War: LE, LELll

1.000

of mm - Diptance anode

23
ABAQUR/ZTANDARD Vereion

Deformed Var: U Deformation Hcale Factor: +1.000e+00

Clig025100

LE - LE11

x109
4.00
0.00
-4.00
-8.00
-12.00
-16.00
-20.00

-24.00

6.6~

_____

j[/

T
'
'
h
'
'
T
'
L
'
[ R
S,

i

L

&

{IE.

SEESSS

0.00
True distance alona nath 'C128025100"

2.00 4.00

6.00 8.00 [x10°]
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14.9.DE=12.75", t=25.4mm, Dsapanodo=80mm; Lsapanodo=150mm

pe 12 Anode Pad diameter of S0mm - WT of 25.4mm - Dimtance Anode P
ODE Plpelan AN2 Omm_WTZSmn_DietlS0mm.odb ABAQUR/STANDARD Vereion 6.6-3

étep Step-2. Enrolamanto

Increment Btep Time = 1.000

Primary War: LE LEll

Deformed Var: U Deformation Hcale Factor: +1.000e+00

x109
0.00

T

s00 | [

who

16,00 _\ ...... NN N

__r______
|
1

LE - LE11

20.00 [ --bo-bobb L

Y70 J A 0 I O | O O S S O

0.00 2.00 400 6.00 8.00 [x10°]
True distance alona nath 'C128025150)"
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14.10.DE=12.75", t=25.4mm, Dsapanodo=100mm; Lsapanodo=50mm

Pipe 1liin -
Dipeliin AN100mm WTZSmn.odb

ODE:

étep: Step-2. E
Increment
Primary War: LE, LELll
Deformed Var:

Cl11002550

nrola.
d: &

Deformation Hcale Factor: +1.000e+00

LE - LE11

mento
ep Time =

x109
0.00
-4.00
-8.00
-12.00
-16.00

-20.00

-24.00

0.00

Anode Pad diameter of 100mm -

ABAQUS

1.000

W

T of 25.4mm R
/STANDARD Vereion 6.6-3 Mon Hov T

_____________________

—————————————————————

B R e e e —

200 400 600 800 [x10°]

True distance alona nath 'C121002550"
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14.11.DE=12.75", t=25.4mm, Dsapanodo=120mm; Lsapanodo=50mm

12" Pipe - Anode Pad Diameter 1ll0mm -
ODE: Dipeliin AN1ZOmm WT2Smn.odb

étep: Htep-2, Enrola:
9: &

Increment q

mento
ep Time =
Primary War: LE, LELll

1.000

WT 5. dmm
ABAQUE/STANDARD Wereion 6.

Deformed Var: U Deformation Hcale Factor: +1.000e+00

Cl11202550

LE - LE11

x109
0.00
-4.00
-8.00
-12.00
-16.00
-20.00
-24.00

-28.00

0.00
True distance alona nath 'C121202580)"

2.00

4.00

6.00

8.00 [x10°]
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14.12.DE=10.75", t=17.5mm, Dsapanodo=80mm; Lsapanodo=50mm

Pipe 10" - Anode Pad diameter of 80mm - WT of 17.5mm - Dlsta
ODE: DipelOin ANSOmm WTLTmn_DietSOmm.odb ABAQUE/STANDARD Vere
étep: Htep-2, Enrolamento

Increment fi9: 8tep Time = 1.000
Primary War: LE, LELll

Deformed Var: U Deformation Hcale Factor: +1.000e+00

10
0.00

4.00 [ -

B.00 |5 e b h e 1

2,00 |- e -

LE - LE11

-16.00 |—-------d--o

7101 SRR S ) | S S -

0.00 2.00 4.00 6.00 8.00 [x10°]
True distancea alona nath 'C10801750'
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14.13.DE=12.75", t=17.5mm, Dsapanodo=80mm; Lsapanodo=50mm

Dips 13"

- &node Pad Diameter of 80mm -
CCE: Pipelfin ANSOmm_HTL7mn,odb

dtep: step-2. Enrolaments

Increment

Deformed War:

Cl2801750

ao:
Primary Var: LE, L

o

Deformation ¥cale Factor: +1.000=+00

LE - LE11

Ztep Time = l.000
ELlL

[x107)
0.00

WT of 17.1mm

ABAQUE/ STANDARD Vereicn §.F

400 -

800 .

-12.00 —-\-

___________

-------

_____________

-16.00 ———\ ————— o

———————

,,,,,,,,,,,,

-20.00 [

___________

_______

_____________

-24,00 |-

-28.00 |—---

0.00

2.00

4.00

6.00

8.00 [x10°]

True distance alnna nath 'C12801750°
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14.14.DE=12.75", t=17.5mm, Dsapanodo=80mm; Lsapanodo=100mm

Pipe 1I" - Anode Pad diameter of 80mm - WT of 17.5mm - DI
ODE: DipelZin ANSOmm WTLTmn Dietl00mm.odb ABAQUS; STANDARTF:

étep: Htep-2, Enrolamento

Increment 8fi: 8tep Time = 1.000

Primary War: LE, LELll

Deformed Var: U Deformation Hcale Factor: +1.000e+00

x109
0.00

-4.00

T

-8.00

I e e S

-12.00 —-

__1_
|
|
i
i
|
i
|
|
|
|

-
T
i
|
|
|
i
i

-
|
|
|
|
|
i
i
i
i

[
|

LE - LE11

22000 |—---booeooeee e T

2400

0.00 2.00 400 6.00 8.00 [x10°]
True distance alona nath 'C128017100"


DBD
PUC-Rio - Certificação Digital Nº 0510810/CA


PUC-RIo - Certificagdo Digital N° 0510810/CA

APENDICE VI — Resultados dos modelos de sapata de anodo com duto engastado 3D
229

14.15.DE=12.75", t=17.5mm, Dsapanodo=80mm; Lsapanodo=150mm

pe 12 Anode Pad diameter of S0mm - WT of 17. - Dietance Anode Dad % -
ODE Plpelan AN2 Omm_WTL7wn_DietlS0Omm.odb ABAQUS{STANDARD Verpion 6.6-3

étep Step-2. Enrolamanto

Increment Btep Time = 1.000

Primary War: LE LEll

Deformed Var: U Deformation Hcale Factor: +1.000e+00

x109
0.00

R T e L1
wl T

-8.00 |-

i IE

-16.00 —--\ ------ RPN TS N O \/_
SatcdumneY| Vemnir
20,00 |—---t-oodeeeeeee ] S SO BSOS

|

LE - LE11

24,00 [+ R ot et

0.00 2.00 4.00 6.00 8.00 [x10°]
True distance alona nath 'C128017150)"
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14.16.DE=12.75", t=17.5mm, Dsapanodo=100mm; Lsapanodo=50mm

Pipe 1I" - Anode Pad diameter of 100mm - WT of 17.5mm
ODE: Pipelzin AN1OOmm WTL7mm.odb ABAQUE/STANDARD Weremion 6.6-2

étep: Htep-2, Enrolamento

Increment Ta: Btep Time = 1.000

Primary War: LE, LELll

Deformed Var: U Deformation Hcale Factor: +1.000e+00

Cl11001750

x109
0.00

400 bt

soo [l

ool
anoo |l
e | i

2000 A

LE - LE11

2400 |l

2800 L LT
0.00 2.00 400 6.00 8.00 [x10°]
True distance alona nath 'C121001750"
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14.17.DE=12.75", t=17.5mm, Dsapanodo=120mm; Lsapanodo=50mm

12" Pipe -

étep: Step-2, E
Increment
Primary War: LE, LELll
Deformed Var:

Cl11201750

Anode Pad Diameter of 130mm - WT of 17.5mm
ODE: Pipelzin AN12O0mm WTL7mm.odb ABAQUE/STANDAFD Vereion

nrola.
o: &

Deformation Hcale Factor: +1.000e+00

LE - LE11

mento
tep Time = 1.000

x109
0.00

asol |

1000 -l
20,00 |-t A

2000 bbbl

T
0.00 2.00 400 6.00 8.00 [x10°]

True distance alona nath 'C121201750"



DBD
PUC-Rio - Certificação Digital Nº 0510810/CA


PUC-RIo - Certificagdo Digital N° 0510810/CA

APENDICE VI — Resultados dos modelos de sapata de anodo com duto engastado 3D

232

14.18.DE=12.75", t=15.9mm, Dsapanodo=80mm; Lsapanodo=50mm

2

ODE: DipelZin ANEOmm_WT1Smm.odb

btep: step-2. Bnrolaments
Increment g0: 2t
Primary Var: LE, LEIL

Deformed Var: U Deformation #cale Factor: +1.000e+00

plz201550

LE-LE11

ep Time =

*107%
0.00
-0.40

-0.80

WT of 15.3mm .
ABAQUE/STANDARD Vereion

Pipe 12" - Anode Pad diameter of &0mm -

1.000

2.00 4.00 6.00 8.00 [x10%]
True distance along path 'P12801550'
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14.19.DE=12.75", t=15.9mm, Dsapanodo=80mm; Lsapanodo=100mm

2

ODE: PipelZin ANSOmm_WT1Smm_DIST100mm.odb

Pipe 12" - Anode Pad diameter of &0mm -

btep: step-2. Bnrolaments
Increment g0: 2t
Primary Var: LE, LEIL

Deformed Var: U Deformation #cale Factor: +1.000e+00

plzg0l5100

ep Time = 1.000

*107%
0.00

WT of

15.3mm - Dietance inode D3
ABAQUE/ STANDARD Vereion 6.6-

a0 J\

om0 _\..

240 |-

0.00

2.00 4.00 6.00
True distance along path 'P128015100'

8.00 [x10]
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14.20.DE=12.75", t=15.9mm, Dsapanodo=80mm; Lsapanodo=150mm

2

ODE: PipelZin ANSOmm_WT1Smm_DIST1S50mm.odb

Pipe 12" - Anode Pad diameter of &0mm -

1.000

btep: step-2. Bnrolaments
Increment 85: 2t
Erimary Var: LE, LEIL

ep Time =

WT of

mm - Dietance Anode Pad to wel

Deformed Var: U Deformation #cale Factor: +1.000e+00

plz20l15150

LE -LE11

15. 9 i
ABAQUE/STANDARD Vereion 6.6-2 Tue Dec W

x107%
0.00
! . ! !
0.0 —\ ------ e /—
ot b
120 _.\(. ...... SRR || NS S SR S /_
160 —--\ ------ R o L
T . :
200 b R 1| N — b ]
240 |—---iooao- R R E | I S (RS S -
i i i i
1 1 1 1
0.00 2.00 4.00 6.00 8.00

True distance along path 'P128015150'

[x10*]
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14.21.DE=12.75", t=15.9mm, Dsapanodo=100mm; Lsapanodo=50mm

2
Pipe 13" - Anode Pad diameter of l00mm - WT of 15.%mm
ODE: PipelZin AN10Omm_WTLSmm.odb AEAQUE/STANDARD Vereid

btep: step-2. Bnrolaments
Increment 93: Ztep Time = 1.000
Primary Var: LE, LEIL

Deformed Var: U Deformation #cale Factor: +1.000e+00

121001550

x107%
0.00

N

= : ! :
3 om0 L oA | S roommereeef "
R : : ‘ :
- P r— e ST
200 - AR A N -
250 | S N Eh] S S S -
.3.00 | I I |
0.00 2.00 4,00 6.00 800 [x10%]

True distance along path 'P121001550'
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236

14.22.DE=12.75", t=15.9mm, Dsapanodo=120mm; Lsapanodo=50mm

2
Pipe 13" - Anode Pad diameter of li0mm - WT of 15.%mm
ODE: PipelZin AN13Omm_WTLlSmm,odb AEAQUE/STANDARD Vereis

btep: step-2. Bnrolaments
Increment Si: Ztep Time = 1.000
Erimary Var: LE, LEIL

Deformed Var: U Deformation #cale Factor: +1.000e+00

DP121201550

x107%
0.00

at0 _\ .................

[
w—\-- ------ . o T s/—

LE - LE11
; 5
8
l
2

-2.00 e : """""" ': T vTTT=s i’ """""" I'—
P77 SRS RS S R | R SN -
280 i I | i
0.00 2.00 4.00 6.00 8.00 [x10%]

True distance along path 'P121201550'
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15 APENDICE VII — Célculo analitico da deformacéo
acumulada para um ciclo completo

Calculo analitico da deformagdo acumulada em um ciclo
completo de enrolamento

1. Dados de entrada

1.1. Dados de entrada do duto:

DE:= 323.85mm Diametro externo nominal do duto

t:= 17.5mm Espessura nominal de parede do duto
tc:= 3mm Espessura do revestimento
= = 18.506

t

2.2. Dados de entrada do material

Pipe material properties, ref. DnV OS-F101, Section 12 H101:

AP| 3L X-60: SMYS := 414-MPa SMTS := 517-MPa E:= 207-GPa

2.2.Dados de entrada da embarcacao:

Diametro do Carretel: Dy, = 18m Raio do Aligner: R = 9m

algn

2.Calculo da deformagdo acumulada

1. Introdugao

NO processo de ernolamento so considerados os seguintes passos para o célculo da
deformagao acumulada:

1. Enrolamento

2. Desenroclamento

3. Flex&o sobre o "aligner”

4. Retificagao no "straightener”

MNotas:

- O efeito de endurecimento n&o € considerado neste caclulo.

- O duto fica retilineo apés o desenrolamento (passo 2).

- Deformagao devido a trag&o nao é considerada, uma vez que a analise & estética.

- A deformagao no passo 4 é considerada igual ao valor negative SMYS, a fim de garantir o
retorno do duto & sua condigdo inicial no fim do processo de enrolamento.


DBD
PUC-Rio - Certificação Digital Nº 0510810/CA


PUC-Rio - Certificacé@o Digital N° 0510810/CA

APENDICE VIl — Célculo analitico da deformac&o acumulada para um ciclo completo

2. Metodologia
Deformagao
elastica:

2.1. Enrolamento

DE

Deyr + DE + 2¢

t;'l =

Elplast = ®1 ~ Felast

Elace = B1

Eelast =

238

SMYS
—F Balgst = 0.2%
g1 =1767%

€1 plast = 1.567%

3 767 %
E]gee = 1-767 %

2.2. Desenrolamento (entre o "aligner” e o

carretel)

Eqi=0

E2plast = £ 2-Eg]ast
E2acc = B1 — B2

e

S 2plast = 1-367 %

: 767 %
Eagas = 1.767 %

2.3. Flexao sobre o "aligner”

DE

®37 3R, +DE+ 2t
2Ry jgn + DE + 2

. ~
E3plast T ©3 7 “Felast ~ 52

E3acc = £3

£3=1767T%
€3plast = 1.367 %
B3500= 1.767 %

2.4. Retificacdo no "straightener”

B4 = “Eelast

Edplast = ¥3 ~ 2B glast ~ €4

®4ace ™= £3~ 84

£4=-02%
S 4plast = 1367 %
€ gacc = 1-967 %

2.5. Deformacao plastica acumulada

+ £9,

Bape ™= Elplast * ©2plast ¥ 3plast * Fdplast

Egop= 2.B6T %

2.6. Deformacao total acumulada

Ftotace = Slace * 52

2ace * ®3ace * Fdace Etotace

= 1.267%
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16 APENDICE VIII — Resultados das analises de elementos
finitos para verificacdo dos critérios da deformacéo
caracteristica com a presenca da sapata de anodo

16.1.DE=6.625", t=19.05mm, DE/t=8.8

LE, LELL
(Aweg:

LE, LELl
(Avg: 75%)
+

1ODE: BucklCrit_P6801550_letp.odb ABAQUS/STANDARD Version 6.6-3
Step: Step-1l, Definigdo do Contato

Increment : o Step Time = 0.3419

Drimary Var: LE, LELL

DE: BucklCrit_P6801350_letp.odb
Definigdo do Contato

;o Step Time = 0.4274
Drimary Var: LE, LELL

ABAQUS/STANDARD Version 6.0

LE, LELL LE, LELL
1 T5%)

Fiuck1Crit_P601350_letp.odh  ABAQUS/STANDARD Vere 8 cklCrit_PAE0LSS0_lekp.odh  ABAQUS/STANDARD Ver
T: Step-l. Definido do Conkato il Step-l. Definigdo do Conkato
crement 31: Step Time =  0.6650 ent 120t ime = 1

ime ooo
Primary Var: LE. LELL ¥ Var: LE, LELL

LE, LELL LE, LELL
(Avg: 75%) (Avg: 75%)
+3.643e-02 Gie-0L
+3.083e- 02 Gie-0Z
+6.51d4e-02 O3e- 02
+4.965e- 02 Sle-02
+3.405e- 02 die-0F
lgdfe- 0 3de-0f
[8fda- 03 19=-04
(i73e- 0% 85e- 02
«B33e-02 43e- 02
«333e-02 O3e- 02
351e- 0 6le-0%
(51le-0% e 0%
07ie- 02 ie-01
070e- 02 L168e-01
PIPESIN _ANSOMM WT13MM _DISTSO| : PIPESIN ANSOMM WT13MM DISTS(
45 Node: 230
2
ODE: BucklCrit_PEE01SS0_letp reion 6.6-3 3 J ODE: BucklCrit_P6E01SSO_lety reion 6.6-3
Step: Step-l, Definigda do ¢ Step: Step-l, Definigdo do
Increment 34: Stap Time Increment Si: Stap Time
Primary VYar: LE, LELll Primary VYar: LE, LELll
LE, LELl
1 75%)
377e-01
gie-01
93e-01
02e-0Z
S3e-02
Tde- 02
Sée-01
15e-01
32e-01
2e-01
13e-01
Ole-01
§0e- 01
.590e- 01
: DIPESIN_ANSOMM_WTLIMM_DIS
77

3 J ODB: BucklCrit_PE301350_Led breion 6.6-3 ODB: BucklCrit_PE301350_Lel o 6.6 -3
Step: Step-1, Definigdo do Step: Step-1, Definigdo do T
Increment 31: Step Timd Increment 120: Step Tim

Primary Var: LE, LE1L Primary Var: LE, LE1L
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16.2.DE=10.75", t=25.4mm, DE/t=10.8

LE, LELL

Moment Plagtic - Pl0802550
J 1ODE: BucklCrit P10802550.odb ABAQUS/ STANDARD Vereion 6.6-3

Step: ftep-l, Definigdo do Comtato
Increment 65: Step Time = 0.
Primary Var: LE, LELL

4110

LE, LE1Ll
T5%)
L33le-0L

ent Plaetic - P1l0O802550

BucklCrit_P10803550.0db  ABAQUS/ STANDARD Version 6.6-3
Step-l. Definigdo do Conkato
Increment 205: Step Time =  0.7353
Primary Var: LE. LELL

o
ODE

LE. LELl

(Awg: 75%)
+7.084e- 03
+6.074e
+41865e- 0F
+31658e-
+3.430e- 02
+1.
+3

1

-3

IEN
2
7

Min: -7.223e-02
Elem: DIPELOTH AN:OMM_WTZSMM_DISTSOM

Mode: 625

2 foment Plaetic - Elosnisso
S_J ODE: BucklCrit_P10E03S550.o0db
Step: Step-l, Definigdo do Cont.
: Step Time =
Drimary Var: LE, LEIL

LE, LELL

Min:
Elem: DIPELOTH_ANSOMM WTZSMM_DISTSOMM
Hode: 517

2
Moment Plaetic - P1l0O80I550
B—J ODE: BucklCrit_P10803550.0db
Step: Step- L. i
Increment 205
Primary Var: LE.

LE, LE1L
(Awer: 75%)

Moment Plagtic - Pl0802550
ODE: BucklCrit_Pl0803550.o0db ABAQUS/ STANDARD Vereion 6.6-3

#tep-1l, Definigdo do Contato
Increment 145: Step Time = 0.
Primary Var: LE, LELL

5983

LE, LELL
(Avg: 75%)

+1.§53e- 01

+1.315e- 01

+3.970e-02
633e-

TSOMM- 1

Moment Plaetic - P1l0O80I550

{ODE: BucklCrit PLD§0I550.0db  ABAQUS/STAMDARD Verwion 6.5-3
Step: Step-l, Definigdo do Contato

Increment 225: Step Time = 1.
Primary Var: LE. LELL

ooo

LE, LELl
(Avg: 75%)

: -1.050e-01
Elem: PIPELOTH_AN3OMM_WTZSMM_DISTSO)
[

Moment Flagtic - P1080:550
B_J ODE: BucklCrit_P10E03S550.o0db
Step: Step-l, Definipdo do C
: Step Time =
Drimary Var: LE, LEIL

LE, LELL

[ tust 7.4

Bie-01

Min: -2.183e-0L
Elem: DIPELOIN ANSOMM WTZSMM_DIST
Mode: 517

2
Moment Plaetic - P1l0O80I550
B—J ODE: BucklCrit_P10803550.0dy
Step: Step-1, Definigdo do d
Increment 235: Step Time
Primary Var: LE. LELL
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16.3.DE=12.75", t=25.4mm, DE/t=12.8

LE, LEll LE, LEll
(Ave: 75%
= I
-1.108 5 -
5 T T B L] INEERAR
513
066 ko g T
i 14
¢ BucklCrit P12803550.0db ABAQUS/STANDARD Vereion 6.6-3 Crit_P12202550.0db ABAQUS/STANDARD Veremion 6.6~
Sfep: Ftep-l, Definigdo do Contato Step: Ftep-l, Definigdo do Contato
Increment 31: Step Time =  0.3661 Increment 63: Step Time =  0.5133
Primary Var: LE, LELL Primary Var: LE, LELL

. LE11 -3 .596e-001

LE, LELL

(Awvg: 75%)
+1.338e-01
Hihide-g

s
!
S

ABAQUS/ STANDA!
do Comtato
Time = 1.

#ETE 02550
_Pl1802550.odb ABAQUS/ STANDARD Vereion
-1, Definigdo do Contato
03 & T =

0.6643 oon

3: Step Time
LE. LELL

LE, LELL LE, LELL
tavy: 75%) lavy: 75%)
+5.7352- 02 +3.331e-02
+31g03e- 02 +6.945e- 02
+31623e-02 +5.5002- 02
+21637202 +31054=2- 02
+11651=- 02 +216092- 02
+816472-03 +11163=-02
liilSe-03 “3.Egle- 03
-Il10fe-02 723e- 0%
-3.094e- 02 173e-02
-3.0B0e- 02 “1lE13e-0%
-3l066e-02 -§.0Fde- 02
-5.052e-02 -7.509e- 02
-§.038e- 0% -8.355e- 0%
Min: -6.039e-02 : Se- 02
Elem: PIPELZIN ANSOMM WTZSMM- 1.4 Elem: PIPELZIN_ANSOMM WT2SMM-1.
Node: 628 Node: 628
2 2
Moment Plastic - P13802550 Moment Plaetic - P1380I55
3 GDB: BucklCrit P128Di550.q 60603 3 GDE: BucklCrit P12803550.4 on 6.6-3
Step: Step-l, Step: Step-l, Definicdo of
Increment : Increment §3: Step Ti
Drimary Var: LE, LEL Drimary Var: LE, LELL
LE, LE1l 1B, LELL
(Avy: T5%) (Avg: 7%
T iiee. 01 +3.0502-01
ti-dgent +1.573e-0L
ti-0Eded +111052-01
+51763e- 02 +6.331e-03
+31225e- 0% +.87
+6.563e- 03
“1l§5ie-02
-4l330e-02
-§.313e- 0%
-31357e- 02
-1lg0le-0l
-I.454e-01
“Ll708e-01 ;
Min: -1.708e-01 Hin: -3.538= 01
Elem: DIPELZIIN AN3OMM WTZSHMM-1.4 Elem: PIPE1ZTH ANSOMM WT2SHM-
Hode: 538 Hode: 711

= H
Moment Plaetic - P13801550 _J

B—J ODE: BucklCrit_P11803550.0d 3

Step: Step-l, Definigdo do

Increment 103: Step Timd

Primary Var: LE. LELL

Increment
Primary Var:s LE, LELL
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16.4.DE=10.75", t=17.5mm, DE/t=15.6

LE. LELL LE, LELL
(Avegs (Avers 75%)
=
5 W||m T il
[ 38e- I
AL OMM_WTZSMM_DISTSOMM- 1.4148 = [ WTZSMM _DISTSOMM-1.4143
ode: 643 aa TF]
K 2
Moment Flaetic - PL030LTSO Moment Flaetic - PL030LTSO
1UDB= BucklCrit_P10201750.0db ABAQUS/STANDARD Vereion 6.6-3 1UDB= BucklCrit_P10201750.0db ABAQUS/STANDARD Vereion 6.6-3
Step: Step-l, Definigdo do Contato Step: Step-l, Definigdo do Contato
Increment 36: Step Time =  0.347¢ Increment 63: Step Time =  0.4704
Primary Var: LE, LELL Primary Var: LE, LELL

s

o
R

et

S
‘o‘:\‘:t“ o
St

LS
et hamay

ment Plaptic - P1lO801750

DB: BucklCrit_Fl0E01750.odb  ABAQUS/STAMDARD Version 6.5-3
tep: Ytep-l, Definigdo do Contato
Increment 116: Step Time =  0.6633
Primary Var: LE. LELL

LE, LELL LE, LELL
(Awg: 75%) (avy
+4.385e- 08 +6.568e- 02
«083e-02 + - 02
(iBle-0F + -0%
3g0e- 02 + -0
Se- 0% +3. -0%
Je-03 +10 -02
fe-03 + -0
fe-03 - =02
Te-02 - 0%
je-0% -0
ne g
- B
(%33e-02 -0
.733e-02 Min: -6.309e-02
em: DIPELOIM_ANSOMM WT2SMM DI Elem: PIPELOTH_ANSOMM WTZSHM DI
Hode: 642 - - - Mods: £43
H 2
Moment Flastic - Pl030175(] Moment Plaetic - Bl080175(
3 J ODE: BucklCrit_P10801750 b 6.6-32 3 ODE: BucklCrit_P10801750 b 6.6-32

Definigdo
: Step T
I

Moment Plaetic - P
6.6-2 ODE: BucklCrit_P10E017
Step- 1, Definigdd
Increment 143 Sten
Primary Var: LE. LELL

Moment Plaetic - P1l0O801750
B—J ODE: BucklCrit_P10801750.0d
Step: Step-l, Definigdo do
Increment 116: Step Timd
Primary Var: LE. LELL
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16.5.DE=12.75", t=15.9mm, DE/t=20.37

PUC-Rio - Certificacé@o Digital N° 0510810/CA

LE, LELL

+540774-
T HT LI

1 E
—I.[fazef 02 H
3.

LEdlel D

aeti Moment - PlIsolSso
ODE: BucklCrit P1i201550.o0db

Step: Step-l, Definigdo do Contato
Time = 0

Increment 16: Step
Primary Var: LE. LELL

LE. LELl

(Awg: 75%)
+3.405e- 02
+6

LE, LEll
(Avery
H T 0%+
Il - e
Il 816574 BITITiH
§704d- 0z
Hinel oz
) BE1 Moment - P1I801550
ABAQUS/ STANDARD Vermion 6.6-3 4ODE: BucklCrit P14301550.0db  ABAQUE/STANDARD Version 6.5-3
Step: Step-l, Definigdo do Contato
.g930 Increment 28: Step Time =  0.4333
Primary Var: LE, LELL

RE - D12801550
T BucklCrit_P1I801550.0db
Step: Step-l, Definigdo do
Increment S6: Stap Time
Primary VYar: LE, LELll

M
S

REAQUS/ STANDARD Vereion 6.6-3 é
Contato S é,

LE, LELL

Min:
Elem: PIPELITN AN3OMM WTZSMM-1.4157
Mode: 645

2
Plaeti Moment - P12801550
B—J ODE: BucklCrit_P13801550.0db
Step: Step-1, Definigdo do Con|
Increment 16: Step Time =
Drimary Var: LE, LELL

LE, LELL
(Awg: 75%)

Min: -1.43le-0L
DIPELZIN_ANSOMM WTISMM-1.4158
: 646

BAL
it
SR
L
v‘}“\“}“‘e}}} .
0, i

ABAQUS/STANDARD Ve
do Contato
ime = 1.

0.5608 ooo

LE, LELL

Elem: PIPELITN AN3OMM WTZSMM-1.4157
Mode: 645

ODE: BucklCrit_P13801550.0db
Step: Step-1, Definigdo do Con
Increment 29: Step Time =
Drimary Var: LE, LELL

2
Plaeti Moment - P13801550
3

LE, LELL

Min: -3.460e-01
Elem: DIPELIIN AN3OMM WTZSMM-1.315
Mode: 539

2
Dlaeti Moment - P13801550
3 ODE: BucklCrit_Plig0l550.odb

Step: Step-l, Definigdo do Contad

Increment S6: Step Time =
Primary Var: LE, LELL

ODE: BucklCrit_P11301550.0db
Step: Step-1, Definigdo do Col
Increment 30: Step Time =
Primary Var: LE. LELL

2
Plaeti Moment - P12801550
3
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