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Structural Integrity Analysis of Heat Plate in Plate and
Shell Heat Exchanger used in Small Modular Reactor

Noh, Hyun Seok

Department of Mechanical Engineering,
Graduate School of Korea Maritime and Ocean University

Abstract

several countries have been pioneering the development and
application of ocean nuclear power plants utilizing the innovative
features of Small Modular Reactors. A shell-and-tube heat exchanger
has been used as a passive residual heat removal system in a small
modular reactor, which functions to reach and maintain the reactor
coolant system in a safe shutdown state. However, shell-and-tube
heat exchanger require larger space for heat transfer area.
Therefore, it is necessary to investigate the applicability of a welded
type plate heat exchanger which is excellent in thermal efficiency and
can be used at high temperature and high pressure. In this study, We
investigated the environment in which the heat exchanger was used
and materials that could withstand corrosive characteristic and high

temperature and high pressure conditions.
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Stuctural integrity of the heat transfer plate through finite element
analysis is performed. Because it is very important to select finite
element modeling and boundary conditions due to the complicated
structure characteristics of the heat transfer plate, the feasibility of
the shell element was confirmed by comparing the 2-layer solid
element and the shell element of the heat transfer plate. In order to
verify the effect of contact boundary conditions, 2-layer and 4-layer
models were compared and compared with the full model to verify
the validity of the 1/4 model. In addition, because of local yielding,
elastic - plastic analysis was performed and the most suitable
analytical modeling method was selected. The method of evaluating
the analysis results was evaluated according to ASME Section VII
Division 2 and the analytical model was structurally safe for the given

environmental conditions of the SMR.

KEY WORDS: Structural integrity &% 4J; small modular reactor &% =
E YA=; welded type plate heat exchanger €33 A3 dws];

heat transfer plate A <& % high temperature and pressure 112, 1.9
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Nomenclature

AT . 252} (temperature difference)
o . 57128 (equivalent stress)

01,0903 : 532 (principal stress)

P Y 21933 (general primary membrane stress)
P 35U 2 239 (local primary membrane stress)
P, : Y2888 (primary bending stress)

Q . o] 228 (secondary stress)

Sps . 3837 (allowable limit)

: nH-8-2 (alternating stress)

. 3] 8¢9 (allowable stress)

; 222 (minimum specified yield stress)
er 54 3%¥W ¥ E (Limiting triaxial strain)
Eru 15H¥E A (limiting uniaxial strain)
Epeq % 57} 24 WM¥E (equivalent plastic strain)
Eof : W17by WE¥E (cold forming strain)
oy S YPE A S (material factor for multiaxial strian)
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Table 1 Comparison between welded plate heat exchanger and shell and

tube heat exchangers[10]

Welded Plate heat

Shell and tube heat

Collectior

(D
)
—

exchanger exchanger
Approach AT ~1°C ~5°C
Multiple duty Possible Impossible
Piping connection From one direction From several direction
Heat transfer ratio 3~5 1
Operating weight 1 3~10
Hold-up volume Low High
Space ratio 1 2~5
Sensitivity to vibrations Not sensitive Sensitive
Leakage detection Easy to detect Difficult to detect
Access for inspection On each side of plate Limited
Disassembly time ~15min 60~90min
Repair Easy to replace plates Difficult
Fouling ratio 0.1~0.25 1
- 4 -
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Fig. 1.2 Construction and operation of plate and shell heat exchanger[13]
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1: Reactor Core

2: Steam Generator

3: Reheater

4: Passive Decay Heat Removal System
5: Containment

Fig. 2.1 SMR concept design[19]

Fluid 2
> Cold side flow

Fluid 1
Hot side flow

Plate & Shell HE

I T T W S S S T T S - - - — — -
N N N W NN N EE NN NN N NN BN e s wf

.

Fig. 2.2 Geometry of heat plate in plate and shell heat exchanger
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Fig. 2.3 Geometry of real heat plate pack[21]

Gasket 1
Plate pack

End plate

Metal plate

Gasket 2
End plate

Fig. 2.4 Exploded view of heat plate pack
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Plate pack il il

qﬁ} Nozzle
. L

ik

Welding region

Fig. 2.5 Geometry of welding region between end plate and plate pack

End plate
Nozzle

Welding region

Fig. 2.6 Geometry of welding region between nozzle and end plate
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* Flow director parts

1y Metal plate
2) Gasket
3) Gaskel

+ Gasket matenals
= EPDM
* Mitrile
= Silicon
* Silicon HT
* Fluor Sillcon
« PTFE Taflon
* Graphite

= AIS] 6L  only for condensers

<150 °C
<100 *C
<200 °C
<250 °C
<200 °C
<280°C
<550 °C

7 A

)
L

AV I- \ ;

Flow director parts  Fiate pack

Fig. 2.7 Flow director parts[22]

Fig. 2.8 Photo of real flow director parts
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Gasket 1

! Metal plate

Metal plate

Gasket 2
J

Metal plate

(a) Metal plate and gasket 1

(b) Metal plate and gasket 2
Fig. 2.9 Modeling of flow director parts
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TiG EDGE WELD

LASER EOGE WELD

o 2

LASER LAP WELD

) vaHTERUS

Fig. 2.11 Geometry of real laser

Fig. 2.10 Welding methods[22]
edge weld[22]

Front

Fig. 2.12 Modeling of heat plate by NX sheet metal
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Front Side

Fig. 2.13 Modeling of port hole welded plate set

Side

Fig. 2.14 Modeling of outer line welded plate set
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Fig. 2.15 Photo of real heat plate
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Height (H)
216mm

Fig. 2.17 Variable of

Fig. 2.16 Geometry of heat plate
geometry for groove[20]

R:2mm Pitch : 9mm

Z1. _ thickness:
1.5mm

SECTION A-A

Fig. 2.18 Section geometry of heat plate

_17_

Collection @ kmou



2.4 A 5AA

°C ~ 600°c 7kA AHg Zhsdte W] Tio, 2 AR 4bs Feo g <l o
REo| stetgdel e AFAol i3 YR Edo] tha] AFgol
G 2H gREe] 4AY AH§ EopllA Belgtw dES 74 EEE AST
o ok =3, dHE 540 ¢k o] S oA UARE, 2H A
2 2" FFROE 53 4S8 7HAL AL Boleke @5 SellA 53] AL
<, 2gte] ¢rg&7)o) thai A e Grade 9& Z&3Tha ASME ZE=of A A o]
ATHIL g}

°o]& T3 SMRY EAA EuIr|2 ALSEHE ASEA UAES, 2H<QI
g2 28 g, Boley Fus SEFATEd i A, Aurdgl 59
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Table 2 Material property of titanium grade 9

Tyoe/erad SB265-Gr 9
ypergrace (Ti-3A1-2.5V)
Temperature [°C ] 20 300
yield stress [MPa] 485 293
Tensile stress [MPa] 620 444
Allowable stress [MPa] 177 120
Poisson;s ratio 0.32 0.32
Modulus of elasticity[GPa] 110 87

Fig. 2.20 Irradiation assisted stress corrosion cracking[28]
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ﬁpl 155 |
Use design loads

————Use operating loads

=L

Primary Secondary
Cg:::.}?w General Local Bendi p:::rgl;ﬂ: Feak
Membrane M e naing 9
Descrip- | Average primary | Average stress Component of Self-equilibrating | 1. Increment
tion (For | stress across across any solid primary stress stress necessary added to
examples, | solid section. section. proportional to to satisfy contin- primary or
see Table | Excludes dis- Considers dis- distance from uity of structure. secondary
5.2) continuities and continuities but centroid of solid | Occurs at struc- stress by a
concenfrations. not concentra- section tural discontinui- concentration
Produced only tions. Produced Excludes dis- ties. Can be (notch).
by mechanical only by mech- continuities and caused by 2. Certain ther-
loads. anical loads. concentrations. mechanical load mal siresses
Produced only or by differential which may
by mechanical thermal cause fatigue
Iloads. expansion. but not distor-
Excludes local tion of vessel
stress shape
concentrations.
Symbol Pm Py Pu Q F
|
i ' >
P+ Py+Q 3:\!

+Py+Q+ {f

Fig. 2.21 Stress categories and limits of equivalent stress[29]
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Hlwshr] g8 AbgET) ol AH8dE SVt 82 Hu HER YA FE
71&(von-Mises &7} &)olm (12)21e o3 JeER A

o= [5{(01—02)2+(02—a3)2+(a3—01)2}]1/2 (12)

T4 849 MHP S
of oAstAd AL H F7F &
ASME Section VII Division 214 gelsl= 57 82 M3t 9 1o 483}
= 3& gol d3 Mg == Fig. 2.210] YERAL &S

1. ¥zak89
Pm < S (13)
Pl < 1.5S (14)
Pl+Pb < 1.5S (15)
2. o]ak-g-¢
PI+Pb+Q < Sps (16)
3. =59
PI+Pb+Q+F < 2Sa a7

o714 S+ 31889, Sy= FEAE, Spse 358} 2SyzolA & Fkelal Sae=
¥ -g-H(alternating stress)o|t}. Fig. 2.22+ ASME Section VIII Division 2 3-8
g 7 A" 71Es YERTL
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Below Room
Temperature Room Temperature and Above
Product/Material
Tensile ield Tensile Yield Stress Creep
Strength Strength Strength Strength Fupture Rate
Al wrought or cast,

Ferrous and .

e B 5 5r RS, Min(F,,S; .0.85; ) [10S
product forms 24 15 24 15 =2 ' hd
except holting

All wrought or cast.
austentic and non- 5 5 5 S 09S5S.R )
Ferrous product 7—1 v T Min (=%, Aﬁn(FmgSja:n‘ :G-SSRm) ]--OS(';_g
forms except 24 15 24 15 10 -

balting [Note(13]

Fig. 2.22 Criteria for establishing allowable stress value for VII-2[29]

w
o
W
P
Ve
o,
o

12
ot
N
N

e
P~
oX
oo
i)
oo

e FHasY 24WMY 2 WPRse AR WY

do| AREE 3] A FEEY ASS Br 2 FEFOR w4 ¢
g3t wmste] FHAx HHT FE AFA BaY N Frh AR
L oo 2

WA By BANE H83tel TRANS AY B F, TR BAS)
4 T3 2e $8PFel Ushis 72U RS AYsEs dh A

Q49 F2AFE B9 24 94X d&l F89 (0y, 0y, 03), von-Mises-&H(0,),

< T T AN st & AE WP B(e)S

&L = €1, €xXp| — 3 an

_24_

Collection @ kmou



Table 5.7
Uniaxial Strain Limit for Use in Multiaxial Strain Limit Criterion

Uniaxial Strain Limit, £, [Note (1], [Nete (2)], [Note (3)]

Reduction of Area

Material Maximum Temperature s Elongation Specified Specified [ ]
Ferritic steel 480°C [200°F) 0.60{1.00 - R] 2. In{l 4 ] "{ 100 :| 2.2
100 10
Stainless steel and nickel 480°C (900°F) 0.75(1.00 - R) 3. !’{1 . ] m[ 100 :| 0.6
base alloys 100 100 - R4
Duplex stainless steel 480°C (900°F) 0.70(0.95 - R) 2.4 ’{1 . } m[ 100 ‘J 22
100 100 - R4
Super alloys [Note (4)] 480°C (900°F) 1.90{1}_93 - _q} in[l . _] J‘n[ 100 :| 22
100 100 - B4
Aluminum 120°C (250°F) 0.52[033 _ R] 173_“’{1 . _:I J‘n[ 100 :| 2.2
100 100 — R4
Copper 65°C (150°F) 0.50(1‘00 _ R} 2 -rn{l N L] !'n[ 100 ] 22
100 100 — RA
Titanium and zirconium 260°C (500°F) 0.50(0_93 - _q]. 13 -fn[l . L] h{ 100 ] 22
100 100 - R4
NOTES:

(1) If the elongation and reduction in area are not specified, then €Ly = Mz, If the elongation or reduction in area is specified, then £, is the
maximum number computed from columns 3, 4, or 5, as applicable.

(2] R is the ratio of the minimum specified yield strength divided by the minimum specified ultimate tensile strength.

(3] £ is the % elongation and R4 is the % reduction in area determined from the applicable material specification.

(4] Precipitation hardening austenitic alloys.

Fig. 2.23 Uniaxial strain limit for use in multiaxial strain limit criterion[29]

ASME Section VII Division 2 Part 6°] uwet Mg = Ax Wi =43
BENFE(e )= AAsh=H wef dA 27} Part 60 weh o] FoiHTH A9
WP E(e, )2 002 7RI ol%, FA8ne] F24a% #9 2 fx]o s
(184 ol Yei 7lEs W ANHH F2ES Fol3l stsx

g T Ers &g (18)
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Fig. 3.1 Modeling of heat plate by NX sheet metal
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ANSYS

AREAS R17.0
TYPE NUM

Fig. 3.2 Iso view of heat plate in solid 2-layer quarter model

ANSYS

VOLUMES R17.0)

TYFE NUM

Fig. 3.3 Side view of heat plate in solid 2-layer quarter model
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ANSYS|

ELEMENTS R17.0|

il

Fig. 3.5 Iso view of element mesh in solid 2-layer quarter model
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Fig. 3.6 Side view element mesh in solid 2-layer quarter model
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* Contact point
» 7 direction displacement constraint

* Symmetry constraint

Fig. 3.7 Boundary condition of heat plate in solid 2-layer quarter model

Fig. 3.8 Applied pressure load on heat plate in solid 2-layer quarter model
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Table 3 Stress value of three points in solid 2-layer model

Stress value Allowable Stress
Type of stress
[MPa] [MPa]
Pl Membrane 51.6 1.5S 210
Membrane + Bending 268.1 3S 420
P2 Membrane 31.3 1.5S 210
Membrane + Bending 185 3S 420
P Membrane 11.1 1.5S 210
Membrane + Bending 168.9 3S 420
T ANSYS
NODAL SOLUTION R17.0|
DMX =.100432 . 46256
SMN =.46256
SMX =4939.39 549,232I
1098
1646.77 |
2195.54
2744.31 /8
3293.08 ‘
3841.85 |
4390.62 4
‘VL’ 4939.39
X

Fig. 3.9 Von-Mises stress distribution in solid 2-layer quarter model
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ANSYS
NODAL SOLUTION R17.0
STEP=1
SUB =1
TIME=1
SEQV (avE)
DMX =.100432 0
SMN =.46256
SMX =4939.39 32.5556
65.1111
97.6667
130.222
162.778
195.333
227.889
260.444
293
g

Fig. 3.10 Von-Mises stress distribution under yield stress in solid 2-layer
quarter model

0

32.5556

65.1111

97,6667

130.222

162.778

195.333

227.889]

260,444

293

Fig. 3.11 Position of three points and stress distribution in solid 2-layer
quarter model
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Fig. 3.12 Direction of path
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Fig. 3.13 Stress value along path P1
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200 - — Membrane + bending
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Fig. 3.14 Stress value along path P2
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Fig. 3.15 Stress value along path P3
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ANSYS

AREAS R17.0¢
TYPE NUM

&1

Fig. 3.16 Iso view of heat plate in shell 2-layer quarter model

ANSYS

AREAS R17.0
TYPE NUM

Fig. 3.17 Side view of heat plate in shell 2-layer quarter model
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J
Triangular Option
(not recommendsd)

Fig. 3.18 Structural shell element in Ansys
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ANSYS

ELEMENTS R17.0

Fig. 3.19 Iso view of element mesh(eshape-off) in shell 2-layer quarter
model

ANSYS

ELEMENTS R17.0

Fig. 3.20 Side view element mesh(eshape-off) in shell 2-layer quarter
model
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ANSYS

ELEMENTS R170

Fig. 3.21 Iso view of element mesh(eshape-on) in shell 2-layer quarter
model

ANSYS

ELEMENTS R17.0

Fig. 3.22 Side view of element mesh(eshape-on) in shell 2-layer quarter
model
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3.2.2 AAxA 2 siA

Fig. 3.73 #Zo] &g= Rdy 3 AAxHAA Agsta stz

Fig. 3.23°] uel A

Fig. 3.23 Applied pressure on heat plate in shell 2-layer quarter model
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Table 4 Stress value of three points in solid and shell 2-layer model

Stress value

[MPa] Allowable Stress
Type of stress Solid | Shell (MPa]
model | model

Pl Membrane 51.6 85.4 1.58 210
Membrane + Bending | 268.1 | 239.8 3S 420

P2 Membrane 31.3 37.8 1.5S 210
Membrane + Bending 185 165.3 3S 420

P3 Membrane 11.1 16.4 1.5S 210
Membrane + Bending 168.9 | 147.5 3S 420
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ANSYS
NODAL SOLUTION R17.0
STEP=1
SUB =1
TIME=1
SEQV (AVG)
DMX =.092253 1.69608
SMN =1.69608
sMY =545,524 62.1658
122,636
183.105
243.575
304.045
364.514
424,984
485.454
- 545.924
BL

Fig. 3.24 Von-Mises stress distribution in shell 2-layer quarter model

ANSYS
NODAL SOLUTION R17.0¢
STEP=1
5UB =1
TIME=1
SEQV (avs) 0
DMX =.092253
SMN =1.69608
SMX =545.924 32.5558
65.1111
97.6667
130.222
162.778
195.333|
227.889
k4
260.444
: 293
3L

Fig. 3.25 Von-Mises Stress distribution under yield stress in shell 2-layer
quarter model
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Fig. 3.26 Position of three point and stress distribution in shell 2-layer

quarter model
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ANSYS

RREAS R17.0|

TYPE NUM

;
o

Fig. 3.27 Iso view geometry of heat plate in shell 4-layer quarter model

ANSYS

AREAS R17.0

TYPE NUM

Fig. 3.28 Side view geometry of heat plate in shell 4-layer quarter model
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Prsm Option

I MMNOLP

Tetrahedral Optior
not recommended

MM, O P

Pyramid Optlun N
not recommeanded

Fig. 3.29 Homogeneous structural solid element in Ansys

Connect solid

Internal shell

Fig. 3.30 Shell and solid element connect geometry
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ELEMENTS

v

ol

Fig. 3.31 Iso view of element mesh(eshape-off) in shell 4-layer quarter

model

ELEMENTS

ANSYS

R17.00

Fig. 3.32 Side view of element mesh(eshape-off) in shell 4-layer quarter

model
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W

ELEMENT3

Fig. 3.33 Iso view of element mesh(eshape-on) in shell 4-layer quarter

model

ELEMENTS

-

Fig. 3.34 Side view of element mesh(eshape-on) in shell 4-layer quarter

model
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3.3.3 AAl=x
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Fig. 3.35 Target element in Ansys
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Surface of Solid/Ehell Elems

R = Element x-axis for isotropic friction
X, = Element axis for orthotropic friction if ESYS is not supplied (parallel to global X-axis)
x = Element axis for orthotropic friction if ESYS is supplied

Fig. 3.36 Contact element in Ansys
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* Weld joint
solid element sharing

»

* Zdirection
displacement constraint

@
* Symmetry constraint

* Weld joint
shell element sharing

Fig. 3.37 Boundary condition of heat plate in shell 4-layer quarter model

Fig. 3.38 Applied pressure on heat plate in shell 4-layer quarter model
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Fig. 3.39 Contact boundary condition in shell 4-layer quarter model
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Table 5 Stress value of three points in shell 2-layer and 4-layer model

Stress value [MPa] Allowable

Type of stress Shell Stress

2-layer 4-layer [MPa]
Pl Membrane 85.4 95.9 1.5S | 210
Membrane + Bending 239.8 316 3S | 420
) Membrane 37.8 128.7 1.5S | 210
Membrane + Bending 165.3 287.5 3S | 420
P3 Membrane 16.4 79.3 1.5S | 210
Membrane + Bending 147.5 256.3 3S | 420
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: . ANSYS|
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TIME=1
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Fig. 3.40 Von-Mises stress distribution in shell 4-layer quarter model

R ANSYS
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TIME=1
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Fig. 3.41 Von-Mises stress distribution under yield stress in shell 4-layer
quarter model
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Fig. 3.42 Position of three points and stress distribution in shell 4-layer

quarter model
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Table 6 Variables for limiting triaxial strain

) Strain Stress [MPa]
Location
er gpeq 01 09 O3 o,
P4 0.8462 0.01879 0 -201.6 -371.4 322

g; + Limiting triaxial strain

€y, + Total equivalent plastic strain

0y, 0y 04 : Principal stress

o, : von-Mises stress

e

Table 7 Constant for limiting triaxial strain

€ru

Qg

my

R

gcf

0.14202

2.2

0.14202

0.695962

e, - Uniaxial strain limit

o,  Material factor for the multiaxial strain limit

m, : mechanical strain tensor, mechnical strain is defined as the total strain

minus the free thermal strain.

R : ratio of the specified vyield strength divided by the specified ultimate
tensile strength.
&, + forming strain
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Table 8 Stress value of three points in shell 4-layer elastic and plastic

model

Stress value [MPa]

4-layer

Type of stress

Elastic-
Plastic
model

Elastic
model

Allowable
Stress
[MPa]

P1

Membrane

95.9 91.3

1.5S

210

Membrane + Bending

316 258.2

3S

420

P2

Membrane

128.7 84.3

1.5S

210

Membrane + Bending

287.5 249.5

3S

420

P3

Membrane

79.3 55.8

1.5S

210

Membrane + Bending

256.3 230.4

3S

420

400

350

300

Stress (MPa)

100

250
200

150

50

Strain

0 L L s 1
0.000 0.002 0.004 0006 0008 0.010 0.012

strain

stress

0.00181

15741

0.002

168

0.0022

182

0.0024

194

0.0026

205

0.0028

215

0.003

223

0.0032

231

0.0034

237

0.0036

244

0.0038

249

0.004

254

0.0046

266

0.0052

276

0.006

287

0.007

298

0.008

307

0.009

314

0.01

320

0.0104

322

Fig. 3.43 Multilinear Stress-Strain curve of Ti grade 9
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Fig. 3.44 Von-Mises stress distribution in shell 4-layer quarter model
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Fig. 3.45 Von-Mises stress distribution limit yield stress in
quarter model
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Fig. 3.46 Position of three points and stress distribution in shell 4-layer
quarter model
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ANSYS

AREAS R17.0

TYPE NUM

Fig. 3.47 Iso view geometry of heat plate in shell 4-layer full model

ANSYS

ARERS R17.0

TYPE NUM

Fig. 3.48 Side view geometry of heat plate in shell 4-layer full model
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ANSYS

ELEMENTS R17.0

Fig. 3.49 Iso view of element mesh(eshape-off) in shell 4-layer full model

ANSYS

ELEMENTS R17.0

Fig. 3.50 Side view of element mesh(eshape-off) in shell 4-layer full model
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ELEMENTS

Fig. 3.51 Iso view of element mesh(eshape-on) in shell 4-layer full model

ANSYS

ELEMENTS R17.0

Fig. 3.52 Side view of element mesh(eshape-on) in shell 4-layer full model

_69_

Collection @ kmou



old a3} T doro] EAEA gornw o o] oFAHES wef
- gEiAs X, Y, 298 "4 21S o s9a & sts 2 A4

]
A= ZHOlE 4-Holofs UlF 2-Folojd A 8-S Hrieti

4-#olo] 1/4 =3} vlw s} Fig. 3.5600 A
SHEXE YeRATH Fig. 3569014 Holx= niel o] &4
I ZHolEVL FF s A AVle FHEOIEY HEFFHNA HeH
923 MPaZ YEela ol d 2d FHoE 4-#olo] 1/4 =] 1487.7 MPa
of Blsl HA Jepbgds &2l stk =3 A& vluE ¢ ASME Section
VII Division 2014 gt P8 B ojx-&H S Faf Blal sttt
g 4 -golo] A md mEgE A 3d 4-go]o] /4R vyt 2 dat o

5
A5 e 2ANA Gn FH AR o RgHwe] AL FYY

[
<
o
T
=
»n
&

o

5
Q4 =9 4-Folo] AA =Y EF FEAE
93 Fig. 3570 Uehisich $um 8 A 4-volo] 14 mWo|A 9
8 BE A9l AT U YT SRS} A9 FUsH Uehgon
2 ge A9 EAECA 3y o 23y + FUYL Bh 9T Fig.
3.589) Lteh) gich
7h7ke] iAo ma|A 4-elolo] 14 w4 md 4-glojo] HA wAL
= Table 991 UEHAAT 4-glolo] QA mo] ms) U = 4-7

=
Bl
e
iihd
i)

I

ojo] 1/4 mdo] w-g¥ 3 v-g¥ + F3Y kol o A UEHT ol &
& 4-dglojo] 1/4 mdo] 4 md 4-golo] HA e HE BLH 7133
AAEATGE " SHEZIE AL At A& B YoE 1M4RER
A& sto] AR W REE AA ARESte] EE&H O R sjof F& &<l

_70_

Collection @ kmou



* X, Y, Zdirectial
displacement capstraint

Q

* Weld joint
shell element sharin

* Weld joint

Fig. 3.54 Applied pressure on heat plate in shell 4-layer full model
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Fig. 3.55 Contact boundary condition in shell 4-layer full model

Table 9 Stress value of three points in shell 4-layer quarter and full model

Stress value [MPa] Allowable

Type of stress Shell Stress

1/4 model | full model |  [MPa]
Pl Membrane 95.9 57.0 1.5S | 210
Membrane + Bending 316 304 3S | 420
P2 Membrane 128.7 74.1 1.5S | 210
Membrane + Bending 287.5 269.8 3S | 420
P Membrane 79.3 56.4 1.5S | 210
Membrane + Bending 256.3 241.1 3S | 420
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Fig. 3.56 Von-Mises Stress distribution in shell 4-layer full model
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Fig. 3.57 Von-Mises Stress distribution limit yield stress in shell 4-layer full

model
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Fig. 3.58 Position of three points and stress distribution in shell 4-layer full

model
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