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A Study to Evaluate the Structural Integrity of the

Plate Type Heat Exchanger using FEM Analysis

Seung-Min Lee

Department of Mechanical Engineering, Graduate School,

Korea Maritime University

Abstract

The purpose of this study is to evaluate a structural integrity of plate type heat
exchanger considering the behavior of the global structure and is to perform finite
element analysis and code calculation as the way to verify the structural integrity.
Recently, the research on plate type heat exchanger has been focused on performance
improvement considering the shape and size, however, this study is going to establish
the criteria for the supporting structure of the plate type heat exchanger integrity.
Structures under internal pressure flat plate, fixed frame and maximum bolt load were
evaluated a structural integrity by performing code calculation The advantages of the
plate type heat exchanger is that it is easy to assemble and disassemble, which is up to
1.5 times the actual weight of the evaluation of the structural integrity in carrying bar
of body part. The allowable bending stress of the beam type structures which carrying
bar and support column is applied to 0.66Sy and flat type like a base plate is applied
to 0.6Sy. In addition, the maximum deformation allows 6 inch per 100ft.

In this study, the pre-processing module using Visual Basic and ANSYS APDL has

been proposed to save time in FE modeling and analysis to improve an accuracy.

KEY WORDS: FEM; Plate type heat exchanger; ANSYS APDL; Structural integrity.



Nomenclature

E : ¥4 A9 (Young's modulus)

[M] A% 3 H(mass matrix)

[C] t %+4] ¥ d(damping matrix)

(K] 744 3 H(stiffness matrix)

T, : ) MY (maximum displacement)

o : A A S(mean linear expansion, um/mmK)

€ Q1% W3 E(tensile strain)

i : -19 AlF(square root of -1)

f : F3}4(imposed frequency, cycle/time)

W : A F(imposed circular frequency, radians/time)
o 0 Q1% & (tensile stress)

y : 3ok H](Poisson's ratio)

~ : A A3 E(shearing strain)

- : A $H(shearing stress)

o W9l AFZH(displacement phase shift, radians)

: 7k 914 ZH(force phase shift, radians)

{z(t)} : A e M9 WE(nodal displacement vector)
{z(t)} t HAH e £ ¥WE(nodal velocity vector)
{z(t)} » A 7S E ¥WE(nodal acceleration vector)
{F(t)} : #&3ts =¥l (applied load vector)

{9} DAl ey
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Plate type Heat Exchanger

Fig. 1
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No Descriﬁ)tion Material Q’ty Remarks
1 Fixed Frame A516-70 1 120t
2 Remove Frame A516-70 1 80t
A240-316L/
3 Plate / Gasket 595 | 0.6t
EPDM
4 Upper G / B A36 1 H 250 x125
5 Lower G / B A312TP316L 1 o 80 x 80
6 Tight Bolt A193-B7 6/8
8 Support A36 1 © 250 x 90
6/ | v200x150 x 25t /
9,10 Base plate A36 / A283-C
1 25t
19 Setting Bolt A307-C 14 | M50
20 Connecting Bolt A193-B7

Fig. 2 Geometry of plate type heat exchanger (2D drawing)
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g el ARGl we) A HolAd. ©)AAsFAA AL ArE Fal Ada
F

(D) AAYET 2=

Table 1 Design pressure and Temperature.

Pressure (bar) Temperature (°C)

Design 12.0 152.0

(2) A=
Table 2 Dead load

Weight (Kg)

Empty 11,101
Operating 14,748
Frame design weight 19,716

( Plate w/Gasket : 10.57kg/sheet, fluid weight :14,748 -11,101 = 3,647 kg )
( Frame design weight @ 14,748 + (10.57+ 3,647/595)%595+%0.5 = 19,716 kg )

- 14 -



3 == 3=

Table 3 Nozzle loads

Nozzle loading
Nozzle
F (kg/N M (kg-m/N-m
name (kg/N) (kg )
Fx Fy Fz Mx My Mz

Hot side

(12") 1,198/11,734 1,198/11,734 1,198/11,734 1,559/15,280 1,559/15,280 1,559/15,280
(N-1, N-2)
Cold side

(12") 1,198/11,734 1,198/11,734 1,198/11,734 1,559/15,280 1,559/15,280 1,559/15,280
(N-3, N4)

(4) < H2E =

Table 4 Hydrostatic test pressure

Hydrostatic Pressure (bar)
15.6

(5) T35

Table 5 Wind load

Wind load (kg)
827

Basic wind speed V : 125 km/h (34.72 m/s)
Exposure : D

Importance factor I : 1.15

Height above ground level Z = 16m + 2.9m = 18.9 m

Wind Directionality Factor Kd = 0.9

- 15 -



Wind Pressure (WP) Calculations

WP= q@*G* Cf
= 1.009*0.85*1.3
= 1.115kPa (114 kg/m?)

hoo2.
5= 55 = 1L16=Cf=13

Ne}

\]

Velocity Pressure qz

= 0.613* Kz* Kzt * kd* V?*
1000
0.613*1.319% 1.0*0.9% 34.72**% 1.15
1000

= 1.009kPa

a =11.5,29= 213.36 m
2

kz=:201*(32)“
zg

Therefore Wind force =WP x Area = 114 x 7.25 = 827 kg
Where, Area = 2.5 x 2.9 = 7.25 m’

(6)XA &=

Table 6 Seismic load

Seismic acceleration

0.57g (horizontal direction)

Response Factor : 3.0

Fa = 1.0, Fv = 1.3
Importance factor I = 1.25
Site Class : C, Ss = 1.425
ap=1, Rp =25

- 16 -



Sys= F,*8,= 1% 1.425=1.425

2

Sps = 3 * Sy =095
7o (249 S W, *(1+ 2*2)

P R, 3

L
%1% () Q%
_ (0471 gi 14,748 (1+2%* 1)}2 8,406kg > Wind Pressure(827kg)
( 1.25)

‘F;),max =1.6 * SDS*IP* V[/}?

= 1.6%0.95%1.25%14,748 = 28,021 kg
‘F;),min =0.3% SDS*IP* Wp*0.7
= 0.3%0.95%1.25% 14,748 = 5254 kg
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Table 7-& ¥ <19to] A-8-¥ 2} HFe] we Ay 81888, FEAE, dAATS
e,

Aee] AAe ASME Section 11 Boiler and pressure vessel code Part D!'?lej 4]
Frzste] A4 stk

o Aqds 25 mE B Wye uEsiA] dorw, 2k wa} W=
%11, AF A AsS AEgrh

AA7 s34 A 7hole vk vp el Hgel e AISI 482 2-8-3te] #7)
&-8-89o A9 0.66+Sys A&-slaL, wlo]x FHaolEet e He] A9 0.6+SyE
w3 sl 8- o=r A83sle] HUt gt

AA| we o EOH“OH AHE-EE A5 B4 Al 882 Table. 74 vel u
311, g Zogd o A AA BdoA i AE JAaAsr|7F ol F5e] A
=z el AL ASME Section VIII

=
x
ot
o
rlo
kI
&
QL
)

-
o?‘:'
9‘L
30
o
ki

SHEL2 FGrlshs YYRe £ VA= RIS zH el F4] (center of fixed
frame), Z# el mAF (edge of fixed frame), == 39 <A (near the
nozzle) = -kt 2 918l ot e o] Aol vhanh e F4lo Aee
9wl 1z =+2-# (general membrane stress) £} dwk 1x} w32 (primary
bending stress)= F7}slv, P EAE e} E ZA ] iEyele] Aol aH
1z} 222 (local membrane stress) ¢} 22} -2-#(secondary stress)= H7}alc}.

g o HIAE 20 wol] Hrhs ofge] YIEe| mET

7y 29 7S Table 89 Azl sttt

T

Table 7 Material summary

Allowable Yield Modulus of

. Stress Strength Elasticit

Material (Sa) (Sy% (E) y

(MPa) (MPa) (MPa)

Fixed Frame A516-70 138 232 194880

Remove Frame A516-70 138 232 194880

Plate A240-316L 87.2 131 185880
Tight bolt A193-B7 172 - -

Upper G/B A36 144.5 219 194880




Lower G/B A312TP304 115 154 185880
Support A36 144.5 219 194880
Base Plate A36 / A283-C 109.8 219 / 183 194880
Setting bolt A307-C - - -
Connecting bolt A193-B7 - - -
Table 8 Allowable limit for Fixed frame
Center of Fixed frame
Stress Limit
Loadi
oading P P+ P
Internal pressure 1.0 S 1.5S
Pm : General Membrane stress, Pb : Primary Bending stress
Edge of Fixed frame
Stress Limit
Loadi
oading Py P+ Q
Internal pressure L5 S 3S
P. : Local Membrane stress, Q : Secondary Bending stress
Near the nozzle
. Stress Limit
Loading PL P+ Q
Internal pressure + Nozzle load 1.5 S 3S
P. : Local Membrane stress, Q : Secondary Bending stress
Hydrostatic test condition
Stress Limit
Loadi
oading P P T Dy
Hydrostatic pressure 0.95Sy 1.43 Sy for Pm < 0.67Sy

Pm : General Membrane stress, Pb : Primary Bending stress

-19 -




4.1 = AA

79 duvle] RE F ARE F AL R PFL du A4 A
o] & BT 3Fo] wE RESY Fx Hrls A 31 H4S B8 2
A3

=
o] 21+ blank plate(end plate)& $FFo] A9+ HE3HA F== =g

Ir

E

t}. I A}o]= Plate packg ZYEE(tightening bolt)g A=AAH ZHF
q_ 1

2

‘

zH Yol AEHe steo2= WHY G 2E 29 3% stas 13
shof A A €.
Table 9 Frame design input data
Design Pressure 12 bar
Design Temperature 152°C
Ambient Temperature 85°C
Material A516-70N
FRAME Allowable Stress at Design T. (Sfo) 14.08 kgf/mm?
Allowable Stress at Ambient T.(Sfa) 14.08kgf/mm?
Ref. ASME SECTION II PART D
Material A193-B7
Allowable Stress at Design T.(So) 17.54 kgf/mm?
BOLT Allowable Stress at Ambient T.(Sa) 17.54 kgf/mm?®
Effective Diameter (db) 36.40 mm
MIN. Number & Size 14 [M39]
Material EPDM
Design Seating Stress (y) 0.14 kgf/mm?
Gasket Factor (m) 1.00
Normal Width (N) 12.00 mm
Effective Width (b) 6.00 mm
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Long span of frame measured perpendicular to short span : D-2358 mm
Short span : d-870mm

Perimeter measured along the centers of the bolts holes L-6158.17 mm
Distance across bolt holes B-974 mm

Attachment Factor
(Ref. ASME SEC.VIII, Div.1 FIG.UG-34) C-0.3

Schematic Diagram
Q NO

A
U AU R R T Ty

L8l

D
1. Calculation of total bolt load
Equation Calculated value
~ (@xDxP)
H= 100 246175.20 kgf
XboX2X XmX
pp— 12x0x2 (f(;;D BTES) 9296.64 kgf
w .= H+ HP 255471.84 kgf
W, o =mXbXdXy 2294.71 kgf
. Wml Wm2 2
A,,= Largerof or 14561.78 mm
So Sa
2
A= W 14562.91 mm’
Total required bolt areas, A, < Total Actual bolt areas, A4,
So, Bolt size is adequate.
(4, +A4,)xS8,
=5 255481.77 kgf
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2. Calculation of Frame thickness

Equation ‘ Calculated value
Z Factor
(0 23] s e 239 HE Yepli= 2 ¢l )
d
=34 — 24X — .
Z =34 (2 4 D) 2.5
Gasket moment arm
hg = (B 2_ d) 52.0 mm
Minimum Thickness of frame
Operating condition Gasket seating condition
i=d Z><C’><PJr 6 X W, 1 Xhg 75.88 t—d\/ 6 X WX hg 30.32
- SfoxE ' Sfox ExLxd® | mm Sfax Ex Lxd* mm

B 71 EddAs F7 120mme] FAE AEste] dAA & 76mm

Aoy =24 dA"ES & =+ o
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4.1.2 4#A BE A

v we} oY 7 & E (anchor bolt), ¢1ZE E(connecting bolt), A&

|
E E(setting bolt) o] vt B AF9 7|Endl ofJAEER HAHe= X

Aolnzg 47 AL FAEE LA HEDS =5 3

5,200

5,000

8—@55 HOLES 2,440
420
= .
N Vﬂ:‘» o
N
4 )

4-@35 SLOTS
CENTER OF
SETTING BOLT GROUP

2-@55 SLOTS

|

1.146

e
A -
s L
—| M
nf
}: o
| .
$ w3

100 1,420 111
1,531

Table 10 Anchor bolt design input data

FOUNDATION

430
B70
-

Z*—T
|
O

g
201 ®

Bolt size 2.00 inch
Number of bolt(N) 14 EA
Number of threads per inch(n) 4.5

Bolt Material A307-C

Nominal Tensile stress for bolt (Fnt)

3,166 kg/cm?® (45 ksi)

Nominal Shear Strength for bolt (Fnv)

1,689 kg/em® (24 ksi)

(1) Geometry and properties

Equation Calculated value
Ase = 07854 [D— 2312 _ 5 498 inch?
16.12 cm’
( D = Thread diameter = 2.00 inch ) 6 cm
( n = Number of thread perinch = 4.5)
(4 X0 +4 <4204 X 2440 + 2 < 5000)
L= 1531 mm

14

Ir=4x%16.12<153.12+ 4% 16.12 < 111.1>
+4%16.1290.9% +2 < 16.12 < 346.9°

6718791 c¢cm*

Ir=4x16.12<153.1>+ 4% 16.12 < 111.1>
+4>16.1290.9% +2 < 16.12 < 346.9°

315546 cm’

Iy= (Iz+Iz) = (6718791 + 315546 )

7034337 c¢cm’

(2) Max. tensile stress of anchor bolt (ft)

- 23




Calculated
Equation
value
Fy
N Mzx Mz
ft= 1 +(I X z+ 7 X )
5€ r o 412 kg/em’
—859 2714654 2240015
= X 346.9 + —————<45.
16 (6718791 346.9 315546 5:8)
(3) Max. shear stress of anchor bolt (ft)
Calculated
Equation
value
{522 i
N (N—6)? My > v z* +
fo= +
Ase Iy 5
162 kg/cm
_ /581564 + 1781041 ( 1351150 X v/462.3+ 120309.9 )
16.12 7034337

(4) Allowable stress

Equation ‘

Calculated value

Tensile stress (ft)

ft, = min (0.6 Fy , 0.33Fu)

1,347 kg/em’

Fnt
fty= 7” (at, 2=2) 1,583 kg/om’
ft=min(ft, , ft,) 1,347 kg/em’

Ft= 1.3Fnt — (2% 5 nt

nv

)X fv < Fnt, Fnt

3,166 kg/em’

Shear stress (fv)

fv, = min (0.4 Fy, 0.17Fu) 694 kg/em’
Fi

fuy = g” (at, 2=2) 844 kg/om’

fo=min(fv, , fv,) 694 kg/cm’
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Table 11 Tension and shear stress check

Unit : kg/em’

Design condition Tud )
Calculated Allowable uagmen
Tensile (ft) 440 1,347 OK
Shear (fv) 173 694 OK
AiE ST 8-S EHY HuE Tl A ®H FAEES AAHE H

skt
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Z(element)& 9=t}
S99 WHeE mAFR Fe AP
el HMLE FFoZH

59 BRPe FAHY TARE T Lohe AL B asE R
=0
=

i
Trianguler Option
{not recommended)

Fig. 3 Structural shell 181 element in ANSYS

<4node>°1E} l|:—77ﬂ‘?_]' g3t FH FALEFE 18l &8 dAe] 7hsshe
A A —Tvﬂ% T 3 &Y= Bl HEHY STt HY} ARE B &
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o B FHE JYstE 2 v P4k o
e Ble TARA Yol 4 Ede 74T, $9 4L A8
ATt
Me—A 0P
1 K.L
J
Prism Qplion
MM.O.P
i
K.L
K
£
Telrahedral Option -
nct recommended
Fig. 5 Structural solid 185 in ANSYS
Fig. 5ol e @4% 28 =4, o5 zam AdBL st ¥
57 2dE FA3517] 8l AMEE £3= 24(3-D, 8node)oltt. A
FHE de FE9 AL duitFd FAE 7 FRERYE U,
T3 7hET AA 2l fARH 2T e 2ESY S AA F
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gtgo] AL Stk E AAHE ke Adwe 92 vEAR o|BR, F
(@)
o

e 4ew mao

A4 mUe olF AF3 Zzaug
Parametric Design Language) 2 o|83la] 24 2SS 43 3y} |4

mde Fig. 69 Uehl gt

ELEMENTS

Fig. 6 Finite element model for full - FEM analysis

| =
g Azl HEHAY. AAZAL Fig. 6o YER T
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w3l v zE o] AHE AL [A

E
E .
Boundary condition
on base plate

Fig. 7 Applied boundary conditions for

LS
7 s wE BEel sjae FRAY. i Bl

83} 2},

full model

ELEMENTS

F
M

CE
PRES-NORM

.120E+07
.202E+08
.392E+08
.581E+08
.771E+08 i
.961E+08

.115E+09

.134E+09

.153E+09

.172E+09

Fig. 8 Applied boundary conditions for
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4.2.2 3% 2§

A AdA o 53 =1S

#d Z=o we} stFzde] S A= SHA T,
datse] A EA e 21oR FF2UE TR
E3 ot 9% 1 =y gl g A

7] o7 e wE = sAs FAIT. 4 sFHEd nE FES

Table 129 YeRH A

1%

Table 12 Analysis case

Nozzle Dead Seismic Design Hydr:statl
load weight load pressure
pressure
Carg};lrng Applied | 1.5 times | Applied - -
Full Support . . . i
model Column Applied | 1.0 times | Applied -
Base 3 . 5
plate Applied | 1.0 times | Applied - -
Sub Fixed | Applied : Applied -
model frame Applied - - Applied

of Brlsta, 2t steEE &5t S¥HS Ui

w3 B8 mde 12y e e A kgl o3 58 Bk A4
Z0 wet oF HEEE 13 AA 4Ee 1.3ME HE83 FHH4S
sttt
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423 7 &4 4 Az 2§ Hlw
77le] 8152 Agstel AL FASL, 2t LB A= $F e 3

g sl olgfo] Table. 132 e 5 Qlth

Table 13 Analysis Results for each components

Max. stress . Allowable limit Status
Loadin, intensit Deformation i
g y (mm) Stress Deformation
(MPa) (MPa) (mm)
Nozzle loads 0.39 0.03
Carrying | Dead weight 0.40 0.02 ] ]
bar Seismic loads 5.96 0.46 - -
Total 6.75 0.51 144.5 10.4 OK
Nozzle loads 4.65 0.09
Support | Dead weight 4.67 0.08 ] ]
Column | Seismic loads 2.09 0.42 - -
Total 11.41 0.59 144.5 13.0 OK
Nozzle loads 10.6 - - -
Base Dead weight 11.8 - -
Plate Seismic loads 223 . - -
Total 44.7 - 109.8 - OK

o33k ASME Section II Part Dol A
g5 Abgsksla, WE Z27]e e AF2 Ao WP
dojMe ¢ "ok
a4 AFe] h3 1YL ol 2 Fig. 9%H Fig. 17744 2+ BE9 515

(@)
(@)]
N
N)
)
Q
ofo
o
£
AN
—
(@)
(@)
=
oft
=%
=

@]

=
i

-31 -



AN
NODAL SOLUTION
STEP=1
SUB =1
TIME-1
SINT (AVG)
DMK =.251E-04 20.718
SMN =20.718
SME =391508 43564
87107
130650
174193 i}
217736“[
261279
304822
348365
391908

Fig. 9 Distribution of stress intensity due to nozzle loads for carrying bar

AN
NODAL SOLUTION
STEP=1
SUB =1
TIME-1
SINT (AVG)
DMX =.169E-04 66.222
SMN =166,222
SMK =399672 44556
88945
333835
177724
222114 m
266503
310893
355282
399672

Fig. 10 Distribution of stress intensity due to dead weight for carrying bar
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NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SINT (AVG)

DMX =.460E-03 11.853

SMN =111.853

SMK =.596E+07 = 661950
.132E+07
.199E+07
.265E+07
.331E+07
.397E+07
.463E+07
.529E+07
.596E+07

Fig. 11 Distribution of stress intensity due to seismic loads for carrying bar

AN

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SINT (BVG)

DMX =.989E-04 560,997

SMN =560.997

SMX =.d465E+07 ST
.103E+07
. 155E+07
. 207E+07
. 258E+07
. 310E+07
. 362E+07
L 413E+07
.465E+O7l

Fig. 12 Distribution of stress intensity due to nozzle loads for support column

- 33 -



NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SINT (AVG)
DMX =.786E-04
SMN =937.551
SMK =.467E+07

;/é\\x

937.551
519224
.104E+07
.156E+07
.207E+07
.258E+07 H
.311E+07

.363E+07

-415E+07

-46T7E+07

Fig. 13 Distribution of stress intensity due to dead weight for support column
AN
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
SINT (AVGE)
DMX =.424E-03 4048
SMN =4048
SMX =.209E+07 235508
466968
696428
929888 I}
.116E+07“l
.139E+07
.162E+07
.186E+07
.209E+07I|
Fig. 14 Distribution of stress intensity due to seismic loads for support column
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NODAL SOLUTION

STEP=1
SUB =1
TIME=1
SINT (BVG)
DMX =.622E-04 3.356
SMN =3.356

SMX =.106E+08 .118E+07
- \ .235E+07

‘ .353E+07

. .470E+07

.588E+07
.TO5E+07
.823E+07

* LG41E+07
& .106E+08 l

Fig. 15 Distribution of stress intensity due to nozzle loads for base plate

AN
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
SINT (AVG)
DMX =.687E-04 .047863

SHN 047863
SMX =.118E+08 L131E+07
ﬂ L262E+07
. .393E+07
6 L524E+07

.655E+07

.186E+07

L917E+07
.105E+08
.118E+08l

Fig. 16 Distribution of stress intensity due to dead weight for base plate
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NODAL SOLUTION
STEP=1

SUB =1

TIME=1

SINT (AVG)

DMX =.751E-04 1120

SMN =1120
SMX =.223E+08 L 247E+07
\ L495E+07 I
‘ L 742E+07
. . 989E+07

.124E+08
.148E+08
.173E+08

* .198E+08
* .223E+08I|

;/J\x

Fig. 17 Distribution of stress intensity due to seismic loads for base plate

Al

FiE 2dg o] &3t fEel o3t 3 Ao A= ol Fig. 18%FH
Fig. 21744 YepdIQich. B2 2de] 39 st59 FEo] AA 4 gt
<8 M A gE 1.38F 835 FAHZE stFoz FREIL, 2
£ Table 14¢) A7 stch

O

]

Table 14 Analysis results for fixed frame

Stress Intensity (MPa)

Location P P, + Py Remark
Category Status Status
Design | HYD Design | HYD
Center
. Actual 9.13 114 33.0 | 41.7 Path 1 of Fig.17
of Fixed OK OK
; Allowable | 138 | 220.4 207 | 332 APPENDIX A
rame
) Stress Intensity (MPa)
Location Remark
Category PL Status | PL + Q | Status
Edge of
g Actual 12.1 26.8 Path 2 of Fig. 17
Fixed OK OK APPENDIX A
frame Allowable 207 414
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. Stress Intensity (MPa)
Location Remark
Category PL Status | PL + P, | Status
Near the Actual 17.2 534 Path 3 of Fig. 17
OK OK
nozzles Allowable 207 414 APPENDIX A

Fig. 182 14 = d9 HriE9le 928 vehd™, 2 $x19 8 e
ANSYS Output © 2 APPENDIXZ E =& 1 82 HZ 3}

Fig. 19 AAYE stF A9 1y =g o] Az T &3/
£ JERAT

Pathl

Path3

Fig. 18 Path location on fixed frame
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Fig.

AN
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
SINT (AVG)
DMX =.152E-03 57912
SMN =57912
SMX =.128E+09 .143E408
-285E+08
.427E+08
.569E+08
. T12E+08
-854E+08
-996E+08
-114E+09
-128E+09
P X
(a) Front view
AN
NODAL SOLUTION
STEP=1
SUB =1
TIME=1
SINT (AVG)
DMX =.152E-03 57912
SMN =57912
SME =.128E+09 .143E+08
.285E+08
.427E+08
-569E+08
.712E+08
.854E+08
. 996E+08
-114E+09
.128E+09
Z
X
=

(b) Back view

19 Distribution of stress intensity on fixed frame for design condition
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Fig. 20 Finite element model for spectrum analysis
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Table 15 Modal Frequencies and effective masses

mode Frequency(Hz) effective mass(X) effective mass(Y) effective mass(Z)
1 7.566 0.986674 1.46E-05 4.75E-05
2 9.253 1.02E-05 9.74662 30.6957
3 20.97 4.13E-03 2.41E-08 5.16E-08
4 40.04 9.90E-02 2.35E-07 3.79E-07
5 46.35 3.89E-02 1.30E-06 1.32E-06
6 61.23 41.5557 6.69E-07 2.27E-05
7 62.71 7.90E-02 1.05E-06 6.46E-07
8 64.2 3.04E-03 1.17E-07 4.84E-08
9 70.26 0.176542 2.39E-04 8.47E-05
10 88 8.21E-03 9.98E-05 1.29E-07
11 88.38 8.62E-08 0.123953 1.50E-03
12 99.63 3.63566 1.01E-07 4.26E-05
13 103.5 1.25939 4.08E-03 3.45E-04
14 107.4 0.183442 9.40E-03 1.24E-03
15 113.4 3.74E-03 0.417037 8.37E-02
16 131.7 2.51E-05 4.63E-07 1.11E-05
17 147.2 1.61E-04 7.76E-07 2.27E-06
18 161 2.62E-06 1.01093 0.755312
19 161.4 7.29E-04 1.04E-03 7.93E-04
20 179.2 4.50E-06 6.83E-05 6.66E-05
21 189.4 1.43E-04 8.34E-07 1.06E-06
22 203.4 6.10E-06 7.46317 18.5936
23 221.7 6.00E-05 5.98E-03 6.40E-03
24 222.7 1.09E-07 8.57531 8.27572
25 231.7 3.19E-04 1.07E-06 3.23E-07
26 252.8 1.22E-03 3.09E-05 1.46E-06
27 258.3 1.74E-02 6.46E-05 3.13E-06
28 266 1.64E-03 5.31E-06 6.73E-07
29 271 1.98E-02 2.95E-12 3.44E-06
30 274.5 9.19E-04 2.88E-06 7.32E-07
31 286.7 2.73E-05 0.786123 3.32E-03
32 310 3.68E-03 2.94E-04 1.09E-05
33 314.7 0.119751 9.07E-03 2.05E-04
34 315.4 10.241 3.76E-02 4.11E-04
35 318.9 1.68E-02 26.6336 0.381229
36 322.1 2.86E-03 8.96E-02 1.02E-03
37 347.6 4.82E-05 1.13862 3.63E-03
38 353.8 4.85E-03 2.65E-03 6.80E-06
39 361.2 1.88E-04 9.83E-05 1.65E-07
40 369.8 3.41E-03 2.97E-05 8.70E-08
41 382.9 3.34E-05 0.972132 1.27E-02
42 404.2 7.70E-06 9.27E-07 2.50E-09
43 404.9 1.14E-04 2.44E-06 6.43E-10
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44 448.5 9.45E-05 3.84E-07 3.23E-10
45 449.2 8.93E-06 6.65E-07 5.06E-09
46 481.9 2.96E-11 0.396975 1.56E-04
47 492.8 1.65E-04 4.87E-12 3.15E-11
48 494.9 2.42E-05 9.05E-06 1.09E-07
49 513 2.11E-03 1.53E-06 5.90E-08
50 515.9 6.99E-06 1.47E-02 2.66E-04
51 538 3.97E-10 4.39E-05 3.43E-07
52 540.4 3.23E-08 7.17E-05 3.48E-05
53 561.8 1.90E-10 4.54E-03 3.89E-04
54 575 1.69E-05 1.28E-05 4.88E-03
55 582.8 1.69E-09 3.26E-04 1.08E-06
56 584.7 2.78E-12 5.13E-04 1.61E-07
57 607.9 4.68E-10 1.46E-03 1.86E-05
58 627.3 1.67E-09 1.37E-03 7.94E-06
59 635 2.91E-09 2.98E-03 1.13E-05
60 652.3 1.99E-08 3.80E-03 4.48E-05
61 677.2 2.83E-09 3.05E-04 4.56E-06
62 688.3 8.11E-10 5.52E-09 1.05E-06
63 709.6 3.92E-05 2.12E-06 4.34E-02
64 723.9 1.55E-09 6.81E-05 1.35E-06
65 736.3 3.02E-09 2.45E-07 1.67E-06
66 767.1 2.10E-05 1.07E-07 2.97E-03
67 770.2 1.01E-09 9.57E-06 1.32E-07
68 771.8 7.87E-11 2.90E-05 8.75E-08
69 789.7 2.94E-10 1.65E-06 2.37E-07
70 797.3 3.68E-12 4.93E-04 4.29E-08
71 820.3 1.96E-13 4.73E-05 2.70E-09
72 837.4 2.45E-10 9.15E-06 9.18E-08
73 869.6 5.65E-10 7.25E-04 4.55E-09
74 872.4 2.77E-07 0.163678 2.73E-06
75 886 5.00E-09 2.69E-03 6.52E-07
76 910.1 3.46E-09 6.70E-05 4.99E-07
77 920.1 6.42E-11 1.76E-05 2.18E-09
78 925.4 7.11E-06 6.85E-07 1.61E-03
79 930.6 2.11E-05 1.83E-05 2.22E-03
80 933.1 1.28E-06 1.54E-04 5.54E-05
81 952.8 6.66E-08 2.54E-04 8.02E-07
82 970.5 1.40E-09 1.78E-04 5.32E-08
83 993.4 5.70E-09 8.72E-04 2.38E-07
84 1015 5.82E-05 9.01E-05 2.48E-03
85 1020 1.14E-06 1.96E-03 4.76E-05
86 1035 1.51E-07 6.68E-03 5.78E-06
87 1049 1.19E-10 2.87E-06 2.28E-08
88 1077 5.17E-10 2.39E-04 1.03E-08
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89 1104 1.34E-10 5.16E-05 6.92E-09
90 1130 7.87E-11 7.02E-05 1.99E-11
91 1147 6.35E-05 3.69E-09 1.90E-03
92 1157 1.62E-10 3.23E-05 2.92E-08
93 1184 1.26E-10 4.01E-05 1.87E-09
94 1209 4.02E-08 1.23E-05 8.79E-07
95 1222 1.23E-02 5.93E-05 0.256213
96 1235 6.96E-06 5.84E-03 1.11E-04
97 1240 1.77E-06 3.54E-03 2.60E-05
98 1244 1.59E-05 4.03E-02 2.16E-04
99 1277 9.18E-10 1.15E-04 9.86E-08
100 1296 3.71E-10 2.35E-05 5.37E-09
58.8301 58.7148 57.7563

Sum of effective mass

*386=22708.4186

*386=22663.9128

*386=22293.9318
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DISPLACEMENT

STEP=1
SUB =1
FREQ=7.566
DMX =1.624

Fig. 21 First mode shape

DISPLACEMENT

STEP=1

SUB =2
FREQ=0.253
DM =.223648

Fig. 22 Second mode shape
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Effective mass (1b)
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Fig. 23 Effective masses for each direction
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@KOPEC PROJECT : 208W8 ’
CALC NO. : 9-320-C305-00%

Safety Related
FLOOR RESPONSE SPECTRA OF AUX. BLDG. FOR SSE
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Fig. 24 Spectrum curve for E-W direction.
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CALC NO. : 8-320-C305-001

Safety Related
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Fig. 25 Spectrum curve for N-S direction.
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Fig. 26 Spectrum curve for V-S direction.
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Mass : 10 kg "7

Input spectnum
(acceleration)

im

0 000Ny 2 G0he

[ ]
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ALL DOF

Fig. 27 Reaction test for spectrum analysis (1-point support)

Fig. 27sh 2] sh}el 5% Wo] I, o] ¥ A% & 10kgolete AP
of Itk Y AEEE AEstel shFol A48T W, WA o ool AHE
£ AlDOFE $ 7&3o] AMEY 42 T3 tehs w82 33
Atk CIEE : 9.8m/s, 48 ~HED 7FA(9.8m/s* * 4 =39.2m/5)

Y 2o A% £H E L BUT ALOZ I G 5 lrh 39.2m/8
« A%(10kg) = 392 N 42 & 5 93, 4 272 T3 22 & & Ak

Eesultant force and moment (SES3)

NODE FX FY FZ MX MY Mz
1 0.11e-14 33200 04T6E15  0Te-15 0114825 011e-14

Moo Freq sV Effect. M
1 03481 g2 013830
2 03481 192 074830
3 15678 382 10.0

Totd 1040

Fig. 28 Reaction test for spectrum analysis results

(1-point support, Input Acceleration. - Y-dir)
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NODE FX FY F2 MX MY Mz
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T e - g a 4g ( X-direction )
1 0.345¢-1 392 0.124e-4 :
2 0.345¢-1 302 2.9900
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Fig. 29 Reaction test for spectrum analysis results

(1-point support. Input Acceleration. - X-dir)
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Eesultant force and moment (SE35)

NODE FX Pf FZ M MY Mz
VALUE 0.826-12  0.23E-14 J352.00 05314 0.14E-13  0.IGFE-1S

Moda Fraq v Efffact. M
03451 02 07458832
034581 392 031730

3985 Wz W0

Tota 0.0

Fig. 30 Reaction test for spectrum analysis (4-point support)
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Muoda Freq gV Effect. M 59 i
1 0. 34581 382 | 0740052 i
2 34581 32 B.od
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Total 10.0 0.00000000ZR:  FEhr Gl

Fig. 31 Reaction test for spectrum analysis results

(4-point support. Input Acceleration. - Y-dir)
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Fig. 32 Reaction test for spectrum analysis (Suggest model)
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Fezultant force and moment (SE.88)
NODE FX FY FZ Mx My Mz
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Muoda Freq 5V Effect. M
1 0.345¢1 392 0749832
2 03451 392 &84
3 39.88 39.2 0.790e-23
Totd 100

Fig. 33 Reaction test for spectrum analysis results

(Suggest model. Input Acceleration. - X-dir)
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fini
clear
‘prep?

Iplate Dim

A=0_886
B=1.928
C=0.060
D=0.025
E=0.728
F=0.050
G=0.160
H=0.634
I=0.656
J=0.2325
K=0.2325
1=0.2325
M=0_2325

Base_ Wh=0.1 CU=0.15
Base_Whd=0.16 CT=0.15 n4_load FX=7800
Base_w =026 CV=0.008 n4_load FY=7800
Base dif =0.566 CW=0.012 n4_load FZ=7800
Base_ half d=0.1
Base_half_ h=0225 IMid guiden Dim n4 load MX=6178
Base_tk=0.02 MU=0.040 n4_load MY=6178
MT=0.125 n4_load MZ=6178
bolt_dis=0.35 MV=0.006
bolt_btw=1.6
bolt_dis_2 16
bolt_dis 3=0.12
|Eq_Plate IPlate_model IN1
eq E=199¢9 wpoff-(A/2) wpoff-T
eq_prxy =03 wpoff_I
eq_dens =7830 CYLIND,N1_OD/2N1_ID/2,-E,.0,360,
Ifix plate 24 :::ggj_l
fix E=199e9
fix_prxy=0.3 N2
fix_dens=7850 wpoff-L
i wpoff,-H
ICartying bar Mat CYLIND,N2 OD/2N2 ID/2,-
car_E=19%e9 wpoffL N T
car_prxy =0.3 wpoff ,H
car_dens=7850
IN3
Isupport_Mat wpoff.M
sup E=199%e9 W'poff;;H
supiprry= 03 CYLIND.N3_OD/2.N3_ID/2,E,.0,360,
sup_dens=7850 wpoff,-M
wpoff H
IN4
wpoffK
wpoff,.I
CYLIND,N4_OD/2N4_ID/2.-E._.0.360,
wpoff-K
wpro,,.-20 wpoff,.-I
wpro,.-90
CSYS.0 VOVLAP all
WPAVE,0,0,0 /replot
CSYS.0

Fig. 34 An example of ANSYS APDL

INozzle Dim

N1_OD=0.2191
N2 _OD=0.2191
N3_O0D=0.2191
N4_OD=0.2191

Ni1_ID=0.2027
N2_TD=0.2027
N3_TD=0.2027
N4_ID=0.2027

nozzle_T=1

ni_T=02
n2_T=0.
n3_T=0.
n4_T=0.

2
2

ICarrying bar Dim
YU=0.12
YT=0.18
YWV=0.008
YW=0.012

IColumn Dim

Inozzle load

nl_load FX=7800
nl_ load FY=7800
nl_load _FZ=7800

ni_load MX=6178
ni_load MY=6178
nl_load MZ=6178

n2_load_FX=7800
n2_load_FY=7800
n2_load_FZ=7800

n2?_load MX=6178
n?_load MY=6178
n2? load MZ=6178

n3_load _FX=7800
n3_load_FY=7800
n3_load_FZ=7800

n3 load MX=6178
n3 load MY=6178
n3_load MZ=6178
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Fig. 36 Front page in visual basic module
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Fig. 38 Beam section page in visual basic module
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APPENDIX A : Design Pressure
Linearlized Stress Intensity for Path 1 of fixed frame each load cases

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY PATH= 1 DSYS=

#xxdk POST1 LINEARIZED STRESS LISTING ***#%*
INSIDE NODE =1000301 OUTSIDE NODE =1002699

LOAD STEP 1 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING X,Y,Z STRESSES ARE IN THE GLOBAL COORDINATE SYSTEM.

** MEMBRANE **

SX SY V4 SXY SYZ SXZ
0.8475E+07 0.2305E+07 -0.6010E+06  3106. 2488. -0.5147E+06
Sl ) S3 SINT SEQV

0.8504E+07 0.2305E+07 -0.6301E+06 0.9134E+07 0.8077E+07

** BENDING ** [=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I 0.2346E+08 0.8169E+07 -0.4567E+06 -8265. 257.2 -319.8
C 0.000 0.000 0.000 0.000 0.000 0.000
O -0.2346E+08 -0.8169E+07 0.4567E+06  8265. -257.2 319.8

S1 S2 S3 SINT SEQV

I 0.2346E+08 0.8169E+07 -0.4567E+06 0.2392E+08 0.2098E+08
C 0.000 0.000 0.000 0.000 0.000
O 0.4567E+06 -0.8169E+07 -0.2346E+08 0.2392E+08 0.2098E+08

** MEMBRANE PLUS BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I 0.3194E+08 0.1047E+08 -0.1058E+07 -5159. 2746. -0.5150E+06
C 0.8475E+07 0.2305E+07 -0.6010E+06  3106. 2488. -0.5147E+06
O -0.1499E+08 -0.5864E+07 -0.1442E+06 0.1137E+05  2231. -0.5144E+06
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S1 S2 S3 SINT SEQV
I 0.3195E+08 0.1047E+08 -0.1066E+07 0.3301E+08 0.2902E+08
C 0.8504E+07 0.2305E+07 -0.6301E+06 0.9134E+07 0.8077E+07
O -0.1264E+06 -0.5864E+07 -0.1501E+08 0.1488E+08 0.1300E+08

** PEAK ** [=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I -0.1280E+07 -0.1424E+07 -0.7314E+06  1932. 2363. 0.2505E+06
C -1447. 1470. 1.734 -63.00 -2049. -0.2224E+06
O 0.1285E+07 0.1419E+07 0.7314E+06 -1720. 2092. 0.2509E+06
S1 S2 S3 SINT SEQV

I -0.6342E+06 -0.1377E+07 -0.1424E+07 0.7899E+06 0.7675E+06
C 0.2217E+06  1471. -0.2232E+06  0.4449E+06 0.3853E+06
O 0.1419E+07 0.1381E+07 0.6346E+06 0.7847E+06 0.7665E+06

** TOTAL ** I=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I 0.3066E+08 0.9049E+07 -0.1789E+07 -3226. 5109. -0.2646E+06
C 0.8474E+07 0.2306E+07 -0.6010E+06  3043. 439.3 -0.7371E+06
O -0.1370E+08 -0.4445E+07 0.5871E+06  9652. 4323. -0.2635E+06
S1 S2 S3 SINT SEQV TEMP

I 0.3066E+08 0.9049E+07 -0.1791E+07 0.3245E+08 0.2862E+08  0.000
C 0.8533E+07 0.2306E+07 -0.6604E+06 0.9194E+07 0.8127E+07
O 0.5920E+06 -0.4445E+07 -0.1371E+08 0.1430E+08 0.1256E+08  0.000
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APPENDIX A : Test Pressure

Linearlized Stress Intensity for Path 1 of fixed frame each load cases

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY PATH= 1 DSYS= 0

*xxdk POST1 LINEARIZED STRESS LISTING ***#%*
INSIDE NODE =1000301 OUTSIDE NODE =1002699

LOAD STEP 1 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING X,Y,Z STRESSES ARE IN THE GLOBAL COORDINATE SYSTEM.

** MEMBRANE **

SX SY SZ SXY SYZ SXZ
0.1049E+08 0.2663E+07 -0.7811E+06  5243. 2320. -0.6758E+06
S1 S2 S3 SINT SEQV

0.1053E+08 0.2663E+07 -0.8215E+06 0.1135E+08 0.1007E+08

** BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I 0.2983E+08 0.1047E+08 -0.5663E+06 -8954. 2753 -455.2
C 0.000 0.000 0.000 0.000 0.000 0.000
O -0.2983E+08 -0.1047E+08 0.5663E+06  8954. -275.3 455.2

S1 S2 S3 SINT SEQV

I 0.2983E+08 0.1047E+08 -0.5663E+06 0.3039E+08 0.2665E+08
C 0.000 0.000 0.000 0.000 0.000
O 0.5663E+06 -0.1047E+08 -0.2983E+08 0.3039E+08 0.2665E+08

** MEMBRANE PLUS BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I 0.4031E+08 0.1313E+08 -0.1347E+07 -3712. 2596. -0.6762E+06
C 0.1049E+08 0.2663E+07 -0.7811E+06  5243. 2320. -0.6758E+06
O -0.1934E+08 -0.7802E+07 -0.2148E+06 0.1420E+05  2045. -0.6753E+06
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S1 S2 S3 SINT SEQV
I 0.4032E+08 0.1313E+08 -0.1358E+07 0.4168E+08 0.3665E+08
C 0.1053E+08 0.2663E+07 -0.8215E+06 0.1135E+08 0.1007E+08
O -0.1910E+06 -0.7802E+07 -0.1936E+08 0.1917E+08 0.1672E+08

** PEAK ** [=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I -0.1628E+07 -0.1815E+07 -0.9344E+06  2456. 3426. 0.3290E+06
C -1954. 1994. -1.234 -73.33 -3005. -0.2921E+06
O 0.1634E+07 0.1808E+07 0.9344E+06 -2207. 3140. 0.3296E+06
S1 S2 S3 SINT SEQV

I -0.8031E+06 -0.1759E+07 -0.1815E+07 0.1012E+07 0.9851E+06
C 0.2912E+06  1995. -0.2931E+06 0.5843E+06 0.5060E+06
O 0.1808E+07 0.1765E+07 0.8036E+06 0.1005E+07 0.9838E+06

** TOTAL ** I=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I 0.3869E+08 0.1131E+08 -0.2282E+07 -1256. 6021. -0.3472E+06
C 0.1049E+08 0.2665E+07 -0.7811E+06  5169. -684.9 -0.9679E+06
O -0.1770E+08 -0.5994E+07 0.7196E+06 0.1199E+05  5185. -0.3458E+06
S1 S2 S3 SINT SEQV TEMP

I 0.3869E+08 0.1131E+08 -0.2285E+07 0.4097E+08 0.3615E+08  0.000
C 0.1057E+08 0.2665E+07 -0.8637E+06 0.1143E+08 0.1014E+08
O 0.7261E+06 -0.5994E+07 -0.1771E+08 0.1844E+08 0.1616E+08  0.000
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APPENDIX A : Design Pressure

Linearlized Stress Intensity for Path 2 of fixed frame each load cases

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY PATH= 2 DSYS= 0

*xxdk POST1 LINEARIZED STRESS LISTING ***#%*
INSIDE NODE =1004623 OUTSIDE NODE =1006741

LOAD STEP 1 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

THE FOLLOWING X,Y,Z STRESSES ARE IN THE GLOBAL COORDINATE SYSTEM.

** MEMBRANE **
SX SY SZ SXY SYZ SXZ
0.2399E+07 0.3156E+07 0.8089E+07 0.5092E+06 -0.2164E+07 0.4815E+07
S1 S2 S3 SINT SEQV
0.1118E+08 0.3410E+07 -0.9413E+06 0.1212E+08 0.1063E+08

** BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I 0.5176E+07 0.6605E+07 0.1258E+08 -0.8074E+06 -0.3742E+07 0.5444E+07
C 0.000 0.000 0.000 0.000 0.000 0.000
O -0.5176E+07 -0.6605E+07 -0.1258E+08 0.8074E+06 0.3742E+07 -0.5444E+07

S1 S2 S3 SINT SEQV
I 0.1680E+08 0.5562E+07 0.1994E+07 0.1481E+08 0.1338E+08
C 0.000 0.000 0.000 0.000 0.000
O -0.1994E+07 -0.5562E+07 -0.1680E+08 0.1481E+08 0.1338E+08

** MEMBRANE PLUS BENDING ** I=INSIDE C=CENTER O=OUTSIDE
SX SY Sz SXY SYZ SXZ
I 0.7575E+07 0.9761E+07 0.2067E+08 -0.2982E+06 -0.5907E+07 0.1026E+08
C 0.2399E+07 0.3156E+07 0.8089E+07 0.5092E+06 -0.2164E+07 0.4815E+07
O -0.2776E+07 -0.3449E+07 -0.4487E+07 0.1317E+07 0.1578E+07 -0.6289E+06

- 71 -



S1 S2 S3 SINT SEQV
I 0.2788E+08 0.9053E+07 0.1072E+07 0.2680E+08 0.2384E+08
C 0.1118E+08 0.3410E+07 -0.9413E+06 0.1212E+08 0.1063E+08
O -0.1638E+07 -0.2938E+07 -0.6137E+07 0.4499E+07 0.4011E+07

** PEAK ** [=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I 0.2522E+07 0.2811E+07 0.8697E+06 -0.7839E+07 -0.3457E+07 0.4010E+07
C -0.1258E+07 -0.1951E+07 -0.4690E+07 0.1440E+07 0.1980E+07 -0.1962E+07
O 0.1958E+07 0.3262E+07 0.4375E+07 -0.4274E+07 -0.2172E+07 0.2275E+07

S1 S2 S3 SINT SEQV
I 0.1284E+08 -0.1414E+07 -0.5219E+07 0.1805E+08 0.1648E+08
C -0.7512E+05 -0.1042E+07 -0.6781E+07 0.6706E+07 0.6279E+07
O 0.9038E+07 0.2290E+07 -0.1733E+07 0.1077E+08 0.9427E+07

** TOTAL ** I=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I 0.1010E+08 0.1257E+08 0.2153E+08 -0.8137E+07 -0.9364E+07 0.1427E+08
C 0.1142E+07 0.1205E+07 0.3399E+07 0.1949E+07 -0.1838E+06 0.2853E+07
O -0.8180E+06 -0.1876E+06 -0.1115E+06 -0.2957E+07 -0.5939E+06 0.1646E+07

S1 S2 S3 SINT SEQV TEMP
I 0.3733E+08 0.6727E+07 0.1476E+06 0.3718E+08 0.3437E+08  0.000
C 0.5567E+07 0.1993E+07 -0.1814E+07 0.7381E+07 0.6393E+07
O 0.3210E+07 -0.6361E+06 -0.3691E+07 0.6901E+07 0.5990E+07  0.000
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APPENDIX A : Design Pressure

Linearlized Stress Intensity for Path 3 of fixed frame each load cases

PRINT LINEARIZED STRESS THROUGH A SECTION DEFINED BY PATH= 3

##xdk POST1 LINEARIZED STRESS LISTING ***#*
INSIDE NODE =1011413 OUTSIDE NODE =1007466

LOAD STEP 1 SUBSTEP= 1
TIME= 1.0000 LOAD CASE= 0

DSYS=

THE FOLLOWING X,Y,Z STRESSES ARE IN THE GLOBAL COORDINATE SYSTEM.

** MEMBRANE **
SX SY Sz SXY SYZ
0.9961E+07 0.4187E+07 0.9861E+07 0.7527E+07 -0.3142E+07
S1 S2 S3 SINT SEQV
0.1535E+08 0.1048E+08 -0.1820E+07 0.1717E+08 0.1533E+08

SXZ
0.9212E+06

** BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ

SXZ

I -0.1888E+08 -0.7795E+07 -0.1477E+08 -0.1622E+08 0.5940E+07 -0.1513E+07

C 0.000 0.000 0.000 0.000 0.000

O 0.1888E+08 0.7795E+07 0.1477E+08 0.1622E+08 -0.5940E+07 0.1513E+07

S1 S2 S3 SINT SEQV
I 0.5425E+07 -0.1607E+08 -0.3080E+08 0.3623E+08 0.3156E+08
C 0.000 0.000 0.000 0.000 0.000

0.000

O 0.3080E+08 0.1607E+08 -0.5425E+07 0.3623E+08 0.3156E+08

** MEMBRANE PLUS BENDING ** I=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ

SXZ

I -0.8923E+07 -0.3608E+07 -0.4906E+07 -0.8689E+07 0.2798E+07 -0.5916E+06

C 0.9961E+07 0.4187E+07 0.9861E+07 0.7527E+07 -0.3142E+07 0.9212E+06
O 0.28834E+08 0.1198E+08 0.2463E+08 0.2374E+08 -0.9082E+07 0.2434E+07
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S1 S2 S3 SINT SEQV
I 0.3621E+07 -0.5568E+07 -0.1549E+08 0.1911E+08 0.1655E+08
C 0.1535E+08 0.1048E+08 -0.1820E+07 0.1717E+08 0.1533E+08
O 0.4614E+08 0.2656E+08 -0.7239E+07 0.5338E+08 0.4677E+08

** PEAK ** [=INSIDE C=CENTER O=OUTSIDE
SX SY Sz SXY SYZ SXZ
I 9255. 0.1030E+07 0.6341E+07 0.2124E+07 -0.3568E+07 0.9596E+06
C 0.5204E+06 0.1002E+06 -0.3815E+07 -0.4382E+06 0.2046E+07 -0.7498E+05
O -0.5372E+07 0.8568E+06 0.3524E+07 0.5595E+07 -0.1261E+08 0.6969E+07
S1 S2 S3 SINT SEQV
I 0.8134E+07 0.1983E+07 -0.2737E+07 0.1087E+08 0.9442E+07
C 0.1236E+07 0.2605E+06 -0.4691E+07 0.5927E+07 0.5505E+07
O 0.1499E+08 0.1158E+07 -0.1714E+08 0.3213E+08 0.2791E+08

** TOTAL ** I=INSIDE C=CENTER O=OUTSIDE

SX SY Sz SXY SYZ SXZ
I -0.8913E+07 -0.2578E+07 0.1434E+07 -0.6565E+07 -0.7704E+06 0.3680E+06
C 0.1048E+08 0.4288E+07 0.6046E+07 0.7088E+07 -0.1096E+07 0.8462E+06
O 0.2347E+08 0.1284E+08 0.2815E+08 0.2934E+08 -0.2169E+08 0.9403E+07

S1 S2 S3 SINT SEQV TEMP
I 0.2339E+07 0.6394E+06 -0.1304E+08 0.1537E+08 0.1460E+08  0.000
C 0.1512E+08 0.6330E+07 -0.6363E+06 0.1576E+08 0.1368E+08
O 0.5102E+08 0.3548E+08 -0.2204E+08 0.7305E+08 0.6666E+08  0.000
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