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BEHAVIOR OF A SQUARE PLATE EMISPHERICAL BULGE SUBJECTED TO
UNIFO SUTED LOADS
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NAPABHORN THIENSUWAN : BEHAVIOR OF A SQUARE PLATE WITH A
HEMISPHERICAL BULGE SUBJECTED TO UNIFORMLY DISTRIBUTED LOAD.
ADVISOR : DR. EK-U THAMMAKORNBUNJUT, 81 PP.

This research has purpose for studying characteristic of plate with
hemispherical bulge and plate with dent that are subjected to perpendicular
distributed load by fixing all lower edge of square plate. In the analysis, 2 parameters
were changed that’s diameter size and depth of bulge and dent. All parameter is
shown in the form of a ratio between diameter size and length of plate and the ratio
between depth and thickness of plate. Then compare the deflection of plate in
various loads.

The result of calculation in case of plate with bulge, the plate that has
depth bulge will have stiffness more than the plate that has shallow bulge. All size
of diameter has same deflection trend. The deeper bulge will have lesser deflection.
Even if the plate has large size of diameter but has shallow bulge, the deflection is
still large. But if the diameter size of bulge is small, the depth of bulge is not
effected with the deflection amount.

When consider the diameter of any bulge at each depth of the bulge, there
will be the intersect point at one distributive force that all diameter size of the bulge
have the same deflection value. This intersect point shown the limit strength which
reinforce to steel plate. If over this point, flat plate will has deflection less than
bulge plate. So the choosing size of depth and diameter of bulge, we have to
consider productivity and limit of force that suitable then the usage will be the most

efficiency.
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= P a mm
Geometry i. Model v a T : 0 -

5 a Setup v 4 fp
T p P3 a_2 50 mm

6 Solution v . 3 =
P 7 4) p. Pd b_2 50 mm

7 Results
s R h : =

K K 4 KK KN

Static Structural B Pe Ro 27 mm
l"p F7 E -15 mm
b s r1 2 mm
b Pe r2 4 mm

‘ [bd Parameter set

JUN3.4 Medusudsdmsunisuilegusiesesyu

3.3.2 Amuavlinvesian LavAaauUivesiaglu Structural steel faguil 3.5

A B|c|D E
< A - 1 Contents of Engineerr = Descrip
—3 2
1 b 7 ciatics:
o meters Fatique Data at zero mean
| i e | stress comes from 1998 ASME
2 | ) Geometry ‘\‘2 & EngneeringData v 3 % structural Steel - = Bpv Code, Section 8, Div 2,
Table 5-110.1
—»3 |[pd Parameters 3 M) Geometry v a4
Propertes of Ouine Row 3: Structuralstesl L ) v A x
Geometry : 6 Model v . x
5 Setuy v
| a P | A 1 Property
6 | §8 solution N % % B [ StanlifeParameters
P Bl 17 Dispiay Curve Type swan... |
B Reslits v
-l @ A B Strength Coefficient 9.26408 Pa =
>8 l‘ﬁl Parameters 19 Strength Expenent -0.106 [lid |
) Ductlity Coefficient 0.213
Static Structural 2 Y 5]
21 Ductility Exponent -0.47 (=] 1
2 Cydlic Strength Coefficient 1E+409 Pa -
2 Cyclic Strain Hardening Exponent 0.2
24 7] Tensie Yield Strength 2.5E+08 Pa 5 [E[=]E
|l' 25 4 compressive Yield Stength 2.5E408 Pa @@
P Parameter et 2% {7 Tensile Ultimate Strength 4.6E408 Pa =B
27 {4 Compressive Ultimate Strength 0 Pa | -

5U#3.5 nsisAnuaudRLaslinteian
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3.3.3 m3muuarioulalusunsy ANSYS Tunsinsnzsina

f9run Element Type 1uuy Hexahedral 8 Nodes wagiilosannlilusunsuadi
wlilaesnluff inlvduiulnuanaziodmudfldlunisduinazeglurae 143660 -
176039 111U wag 30100 — 41636 LOAWUARINAINU NIRUAAIUAUNTEYINAULEUTY
wadsannlneuduasurunn 5 i Tnefideulvveuwaduuuudauty (Fix) naauwiveu

AuaveLHuAVRsUAanslugun 3.6 uag 3.7

Outline
Filter: |Name - B: Static Structural
- - Pressure 2
J 2] 1 =] Tirne: L s
7] o2k Coordinate Systems AR S
-/ Connections B Pressure: Le+007P3
B, & Mesh [B Pressure 2: Le007 P

Bl =] Static Structural (BS)
------- w224 Analysis Settings

ﬁ Fixed Support
,,3: Fixed Suppart 2 %

/B, Fixed Support 3

....... ]

------- = Pressure 0o n.nlsn )
0.030

------- w. Pressure 2

= a ! <
EUV] 3.6 NANINITATEINLbIIUULLNULARN

B: Static Structural
Fized Support 4

Filter: | Mame j Time: L s

20#9/2559 5:25

A= ®H 8l

: i . Fixed Support

----- )!; Coordinate Systems
j% Connections [BJ Fied Support 2
Fixed Support 3
----- AL Mesh @
(= ,/El Static Structural (BS) . Fixed Support 4

Outline

Fixed Support

Fixed Support 2
Fixed Support 3
Fixed Support 4
E = Pressure
""" = Pressure 2

-

0.000 0,050 (pm)
)

0.035

UM 3.7 AsiruaRaulvvauLln

3.3.4 2A3123iNA9N Total Deformation tnevinisiiudeyarinisidesuiiuiniign

TunsagnIalNyNMInAaeanagu 3.8
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Outline i
Filter: | Name hd B: Static Structural
4= ] Tatal Deformation
i Comectons . Type: Total Defarmation
" Unit: m
B Mesh Time: L
B, tic Structural (B5) 204972558 5:37
et Analysis Settings B
/3, Fixed Support 0.0057556 Max
- M, Fied Support 2 0.0051161
o ﬁ, Fixed Support 3 0.0044766
- A, Fixed Suppart 4 0.0038371
ﬁg Pressure E 0.0031976
ﬁg Pressure 2 00025581 N
£,/ Solution (B6) 00019185
/4] Solution Information 0.001279 !
i M Total Deformation 0.00063052 0.000 0.060 {m) § *
i M Equivalent Stress — 0 Min 0.030 !

JU7 3.8 maiudeyanisnaasaiietluiiasei
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Flat plate
0.006

0.005

0.004

0.003 Flat plate

0.002

Deflection at center of a plate (m)

0.001

0 2 4 6 8 10 12

Pressure (MPa)

JUT 4.1 HaN1591889N15N TN BRSIAIUUUNUENUR LIS Y

8: Static Structural

¥
0.000 0025 0.050(m)
)
0073 0038

SUN 4.2 nan1391889u59N52A8UUIN 10MPa NSEiUUUNULTEY

4.3 HAN1TIATIZLTINTEABTINTEINUULRUMAN SiTos Y
4.3.1 WIguLguNaN1T91a89N19NTEINYUIBIVUULHUS B ULAYNANITTNADIVD IS
o | 1 = =) ) =
nszAensEyivisuNuiisayuL U BUBUANUGNTOEYY
- v g 1A =2 P § =3 i = =
RNNFUN 4.3 - 4.7 liiiuinilosserAnuanvessos iy anuKuasinisde
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a
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AUKANTITINA0INITNTTIUUTIAUUBHUISEU WiiwSeuaziianudesulatesnin Tuvaue
8n31dIuToYUADANUNUNTNINATY 2.5 AzliA1nsde U Tosnunuseulutisiues
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d/b=0.5
0.008
% 0.007 —
% 0.006 = . e h/t=1
”g 0.005 // . ;/ = h/t=25
9 0.004 — . h/t=5
g 0.003 /f/ h/t=8
§ 0.002 3’/ *—h/t=10
0.001 - ~— & Flat plate
0
0 2 4 6 8 10 12
Pressure (MPa)

JUN 4.3 szeglnansumiananansveusiuseuiuukuiisesyunaugdneg q e d/b = 0.5

d/b=0.4
0.008
£ 0.007
9
(©
< 0.006 - —+—h/t=1
° 0.005 " — = h/t=2.5
g 0.004 A = ~+ h/t=5
£ 0.003 N/ h/t=8
8 i
2 0.002 ¥ — % h/t=10
()
° 0001 4  « Flatplate
0
0 2 4 6 8 10 12
Pressure (MPa)

JUN 4.4 szeglnanduvenanansveiauissuiuwsulsesyunauanee 9 e d/b = 0.4
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d/b=0.3

0.008
0.007

0.006

—+—h/t=1

ok

0.005

—=—h/t=2.5
h/t=5

0.004

0.003 Flat plate

0.002

Deflection at center of a plate (m)

0.001

0 2 4 6 8 10 12

Pressure (MPa)

JUT 4.5 szeglnandunenenansvaususeuiuuwsiuisesyunauing1e 9 e d/b = 0.3

d/b=0.2
0.008

0.007

0.006

—+—h/t=1
0.005

—=»—h/t=2.5

0.004 p— -+ h/t=5

0.003 ~ @ Flat plate

0.002 §

Deflection at center of a plate (m)

0.001

0 2 4 6 8 10 12

Pressure (MPa)

JUN 4.6 syglnafdumlsfanansveusussuiuuwsiuilsesyunauing1e 9 e d/b = 0.2
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d/b=0.1
0.008

0.007
0.006

0.005 e h/t=1

P

0.004 g —=—h/t=2.5

Flat plate

0.003

0.002

Deflection at center of a plate (m)
\

0.001

0 2 4 6 8 10 12

Pressure (MPa)

JUN 4.7 szglnandumisnenansvesusulisuiulsuisesyunaugEnsne 9 e d/b = 0.1

4.3.2 WIYUWEURANTINADINITNTEUUTIAIULLHLITIULATNANITT 1A VDTS
nsrAnenseyivisuNuiisesyuw U BUB UdURNUAUE Na9TREYY
NFUN 4.8 - 4.12 Sndiuanudnsonavuviniuvile idurugudnansvesses
wuiiiawn 10 Tadwns wiumanaelidnsnsideguiiteeiigalleifisuiuwiumaniiduua
WUHUARENANNNINNTT WAkDYIIN531aRlAEN 1T HENTI@IUAINENRD A UMUNANIN
Tuanwagnsmaziinsudsundas Inglutiswiuveusinszanefinseyinles ) Anua1uisaly
= <@ 1 ‘Nld L4 1 & 1 a0 é’ d‘
nsideguvesnanuiuniiidurugudnaesesyuIwInlngIziAanaluazana s InTuLile
WiNTzeEANNANVRITRYYUNINTUDN WBTHUEUAUNANTINABINTINTE YUK LLTEY
wHUNToEYUIIANENURBAT L TE oL NUINN IS IU LagldlaliunUNaNNINTUTREYUNY
Yoo ¢ i 1 = i = v A 1 1
yatduEugudnaeiingaziiaununiudenisidesulaandukuseulugimeunuues
a1 v PO = A~ "o oA b o
wsensEeniledosuarimnsdesuniiuihiuusuieulunowrneveusenTzaenda

11N Feanunsouedladn seeyuifivwaduiugudnansluguazaiudnieezazlidnyazdu
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h/t=1
0.008
£ 0007
i e
< 0.006 — = ~+ d/b=05
o 0005 // = — = d/b=0.4
§ 0.004 /-/ . d/b=0.3
£ 0.003 o d/b=0.2
2 0002 o d/b=0.1
- 0.001 Flat plate
0
0 2 4 6 8 10 12
Pressure (MPa)

a

JUN 4.8 S2oelAasinuvianananaveauwau s Ui UL U Tog YUTLEUNTLANENANNTREYUANS 9

e h/t = 1
h/t=2.5
0.008
£ 0.007
9
2 0.006 ~+ d/b=0.5
$ 0005 ~=d/b=0.4
g 0.004 ~» d/b=03
£ 0.003 n d/b=0.2
z 7
£ 0.002 ./ ~x d/b=0.1
z Z/
0.001 ¥ -~ o Flat plate
0
0 2 4 6 8 10 12
Pressure (MPa)

a

JUN 4.9 szegliaisihumiananansveaususuiuikuilTos U ILALENa9TREYUAN 9

Lﬁa h/t = 2.5
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h/t=5
0.008
£ 0.007
1)
< 0.006 ~+ d/b=05
?, 0.005 — = d/b=0.4
5 0.004 ] d/b=0.3
L .002 L% Flat plate
- 0.00 ? 0
0.001 =
0
0 2 4 6 8 10 12
Pressure (MPa)

JUN 4.10 szeglnensuvanana1ave i uiuLHullTos Y udUR uAUENa9TREYUANS 9
W h/t = 5
h/t=8
0.008
€ 0.007
2
2 0.006
S 0.005 —+d/b=05
Y ———
g 0.004 e —=d/b=0.4
£ 0.003 o ~© Flat plate
Y )
2 0.002 :/ =
() /
0.001 %
0
0 2 4 6 8 10 12
Pressure (MPa)

A I Ao = I a 2 oA A v I & I
E‘U‘Vl 4.11 58881?1\11/]{5]'1LLWUQﬂQﬂa’NﬂJ@\‘]LLNULiﬁJ‘Uﬂ‘ULLNU@J?@EJEHV]Lﬁu&l']u@u&ﬂﬁ']\ﬁaﬁﬁéu@']ﬂ 9

Lﬁa h/t = 8
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h/t=10
0.008

0.007
0.006

0.005 N —+d/b=0.5
0.004 > -~ = d/b=0.4

0.002

Deflection at center of a plate (m)

0.001

N

0 2 4 6 8 10 12

Pressure (MPa)

a

JUN 4.12 szeglnansuianana1avesuiuss uiuurulisosyundur uaugnaeseeyusng 9

Lﬁa h/t = 10
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0.008
0.007
0.006
0.005
0.004
0.003
0.002

Deflection at center of a plate (m)

0.001

d/b=0.5

—+—h/t=1
—a—t —=—h/t=2.5

r el B, + h/t=5

/./ ,./// h/t=8
— } — h/t=10

| —
//% - Flat plate
2 4 6 8 10 12

Pressure (MPa)

JUN 4.13 speelnansiunienenaneveauwnius s uAuLNUIITosYuAINANAN 9

1319 d/b = 0.5 UlULUUTANRIVDILAULANTIA 4 AU

0.008
0.007
0.006
0.005
0.004
0.003
0.002

Deflection at center of a plate (m)

0.001

d/b=0.4

—+—h/t=1
—=— h/t=2.5
—— h/t=5

°

ﬁ.’lﬂ/"’

6 8 10

Pressure (MPa)

12

h/t=8
—=h/t=10

~ e Flat plate

dl I Ao = A Y] A d' =
E‘UW 4.14 3383&1\1‘1/]9”LL‘WUQﬂQﬂa’]QﬂJQQLLNULiﬂUﬂ‘ULLNUN?@UHUW@?WNaﬂWWQ g

3o d/b = 0.4ReuluLUUTATRIVDILNULANTIY 4 AU
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0.008
0.007
0.006
0.005
0.004
0.003
0.002

Deflection at center of a plate (m)

0.001

Pressure (MPa)

d/b=0.3
e o = h/t=2.5
o h/t=5
| & Flat plate
L
2 4 6 8 10 12

a

JUN 4.15 seaelnansunienenaneveauniu s uAuLNuiTog YA INans1e 9

1319 d/b = 0.3ReUlULUVTANRIVDILNULANTIT 4 AU

0.008
0.007
0.006
0.005
0.004
0.003
0.002

Deflection at center of a plate (m)

0.001

d/b=0.2

—+ h/t=1

—=— h/t=2.5

—— h/t=5

~ © Flat plate

4

6

Pressure (MPa)

12

dl I Ao = A Y] A d' =
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d/b=0.1
0.008

0.007

0.006

0.005 h/t=1

0.004 —s—h/t=2.5

0.003 e ot plate

0.002
p /

0.001

Deflection at center of a plate (m)

0 2 4 6 8 10 12

Pressure (MPa)

a
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1319 d/b = 0.1ReulULUUTATRIVDILNULANTI 4 AU
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h/t=1
0.008
£ 0.007
g
< 0.006 ~+d/b=0.5
5 0.005 . ~ = d/b=0.4
9]
g 0.004 d/b=0.3
£ 0.003 —x—d/b=0.2
9 0002 ~ % d/b=0.1
8
0.001 Flat plate
0
0 2 4 6 8 10 12
Pressure (MPa)

a
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o h/t = 1 RaulvuwuudaNnnvauHumaniiy 4 o

h/t=2.5
0.008
£ 0.007
9
< 0.006 —+d/b=0.5
2 0,005 — = d/b=0.4
g 0.004 ~+ d/b=0.3
£ 0.003 d/b=0.2
g T
g 0.002 ’ = ~«d/b=0.1
3
0.001 34// = ~ o Flat plate
0
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h/t=5
0.008
E 0.007
L
g 0.006 —+d/b=0.5
ks)
g 000 . = d/b=04
g 0.004
% . d/b=0.3
5 0.003 : ' : e d/b=0.2
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§ 0.002 . = Flat plate
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a
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0.008
0.007

0.006
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0.008

0.007
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a
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d/b=0.5
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.001705 1 1 0.00093812 1 1 0.00081397
2 25 0.004547 2 2.5 0.0034983 2 2.5 0.003002
3 5 0.0058311 3 5 0.0050671 3 5 0.0044478
a4 7.5 0.0065756 a4 7.5 0.0060653 a4 7.5 0.0052484
5 10 0.0070773 5 10 0.0068819 5 10 0.00585
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00074996 1 1 0.00071554
2 2.5 0.0027735 2 2.5 0.0026709
3 5 0.0042302 3 5 0.0041504
4 7.5 0.004995 4 7.5 0.0049058
5 10 0.0055588 5 10 0.0054596
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Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0019398 1 1 0.001369 1 1 0.0012034
2 2.5 0.0041031 2 2.5 0.0035201 2 2.5 0.0032663
3 5 0.0053772 3 5 0.0048213 3 5 0.0044953
4 75 0.0061335 4 75 0.00563 4 75 0.0052145
5 10 0.0066896 5 10 0.0062593 5 10 0.0057556
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0011067 1 1 0.0010509
2 25 0.0031522 2 2.5 0.003101
3 5 0.0043787 3 5 0.0043434
4 75 0.005079 4 7.5 0.0050408
5 10 0.0056011 5 10 0.0055576
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Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0020165 1 1 0.0017165 1 1 0.0015873
2 2.5 0.0038247 2 2.5 0.0035256 2 2.5 0.0033995
3 5 0.0049948 3 5 0.004678 3 5 0.0045187
4 75 0.0057053 4 75 0.0053811 4 75 0.0051839
5 10 0.0062368 5 10 0.0059161 5 10 0.0056829
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 75 4 7.5
5 10 5 10
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Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0020513 1 1 0.0019164 1 1 0.0018347
2 2.5 0.0036665 2 2.5 0.0035355 2 2.5 0.0034836
3 5 0.0047359 3 5 0.0045941 3 5 0.0045388
4 75 0.0053818 4 75 0.0052313 4 75 0.0051665
5 10 0.0058711 5 10 0.0057093 5 10 0.0056378
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 75 4 7.5
5 10 5 10
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0020789 1 1 0.0020298 1 1
2 25 0.0035829 2 2.5 0.0035479 2 2.5
3 5 0.0045877 3 5 0.0045568 3 5
4 7.5 0.0051821 a4 7.5 0.0051561 a4 7.5
5 10 0.0056318 5 10 0.0056064 5 10
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 7.5 a4 7.5
5 10 5 10
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0014096 1 1 0.0010699 1 1 0.00093539
2 25 0.0027195 2 2.5 0.0024177 2 2.5 0.0023078
3 5 0.0036211 3 5 0.0034426 3 5 0.0034088
4 7.5 0.0041364 a4 7.5 0.0040072 a4 7.5 0.0040067
5 10 0.0045159 5 10 0.004414 5 10 0.0044342
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00085938 1 1 0.00082223
2 2.5 0.0022149 2 2.5 0.0021546
3 5 0.0033624 3 5 0.0033189
4 7.5 0.0039777 a4 7.5 0.003952
5 10 0.0044202 5 10 0.0044024

29



al o o 1 oA 1 + = a A =~ o ! 1 <@ & 1
M990 N-7 G]']i%‘lﬁxlaﬂﬂiﬂqufﬁul,ﬁﬂﬂ’i%ﬁ]’]EJﬂia‘ﬁ‘Vl’]G]E]LLNU@JEU?N?QB‘L{&IL&I@ d/b =04 Tneiideulvdnfvoua s woHUL AN NYdnY

h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0015617 1 1 0.0010734 1 1 0.0012106
2 25 0.0029305 2 2.5 0.0027836 2 2.5 0.002731
3 5 0.0038488 3 5 0.0037854 3 5 0.0037787
4 7.5 0.0043784 a4 7.5 0.0043487 a4 7.5 0.004363
5 10 0.0047697 5 10 0.0047619 5 10 0.0047904
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0011354 1 1 0.0010923
2 2.5 0.0026634 2 2.5 0.0026128
3 5 0.0037386 3 5 0.0037055
4 7.5 0.0043349 a4 7.5 0.004306
5 10 0.0047701 5 10 0.0047451
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Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0017282 1 1 0.0015742 1 1 0.0014942
2 2.5 0.0031356 2 2.5 0.0030703 2 2.5 0.003035
3 5 0.0040683 3 5 0.0040516 3 5 0.0040391
4 75 0.0046089 4 75 0.0046145 4 75 0.0046139
5 10 0.0050133 5 10 0.0050323 5 10 0.0050408
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 7.5 4 75
5 10 5 10
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Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0018891 1 1 0.0018044 1 1 0.0017322
2 2.5 0.0033175 2 2.5 0.0032814 2 2.5 0.0032349
3 5 0.0042609 3 5 0.0042481 3 5 0.0042143
4 75 0.0048105 4 75 0.0048108 4 75 0.0047827
5 10 0.0052222 5 10 0.0052296 5 10 0.005206
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 7.5 4 75
5 10 5 10
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1 1 1
2 25 2 2.5 2 2.5
3 5 3 5 3 5
4 7.5 4 75 4 7.5
5 10 5 10 5 10
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 7.5 a4 7.5
5 10 5 10
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00062052 1 1 0.00039555 1 1 0.00033523
2 25 0.0018063 2 2.5 0.0010592 2 2.5 0.00087045
3 5 0.0034147 3 5 0.002175 3 5 0.0017404
4 7.5 0.0043234 a4 7.5 0.0031457 a4 7.5 0.0024897
5 10 0.0049187 5 10 0.0039924 5 10 0.0031178
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00030615 1 1 0.0002927
2 2.5 0.00078571 2 2.5 0.00073995
3 5 0.0015657 3 5 0.0014921
4 7.5 0.002248 a4 7.5 0.0021505
5 10 0.0028273 5 10 0.0027136
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0006809 1 1 0.00048305 1 1 0.00045124
2 25 0.0017395 2 2.5 0.0012798 2 2.5 0.0011266
3 5 0.0030194 3 5 0.0023347 3 5 0.0020571
4 7.5 0.0038579 a4 7.5 0.0031361 a4 7.5 0.0027607
5 10 0.00447 5 10 0.0037768 5 10 0.0033353
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00041971 1 1 0.00040261
2 2.5 0.0010475 2 2.5 0.0010082
3 5 0.0019321 3 5 0.0018762
4 7.5 0.0026101 a4 7.5 0.0025501
5 10 0.0031579 5 10 0.0030929
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00072842 1 1 0.00061137 1 1 0.00056587
2 25 0.0016828 2 2.5 0.0014304 2 2.5 0.0013285
3 5 0.0027391 3 5 0.0023975 3 5 0.0022446
4 7.5 0.0034574 a4 7.5 0.0030751 a4 7.5 0.0028877
5 10 0.0040108 5 10 0.0036123 5 10 0.0033917
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 7.5 a4 7.5
5 10 5 10
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00076738 1 1 0.00070253 1 1 0.00066502
2 25 0.0016407 2 2.5 0.0015239 2 2.5 0.001467
3 5 0.0025616 3 5 0.0024125 3 5 0.0023485
4 7.5 0.0031861 a4 7.5 0.0030216 a4 7.5 0.0029526
5 10 0.0036719 5 10 0.003497 5 10 0.0034214
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 7.5 a4 7.5
5 10 5 10
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h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00079791 1 1 0.00076772 1 1
2 25 0.0016185 2 2.5 0.0015806 2 2.5
3 5 0.0024632 3 5 0.0024252 3 5
a4 7.5 0.00303 a4 7.5 0.0029939 a4 7.5
5 10 0.0034704 5 10 0.0034357 5 10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 7.5 a4 7.5
5 10 5 10
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00046964 1 1 0.00034704 1 1 0.0003105
2 25 0.00098905 2 2.5 0.00078497 2 2.5 0.00072103
3 5 0.0015884 3 5 0.0013521 3 5 0.0012817
4 7.5 0.0020202 a4 7.5 0.0017936 a4 7.5 0.0017297
5 10 0.0023628 5 10 0.0021419 5 10 0.0021064
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00028895 1 1 0.00027778
2 2.5 0.00068117 2 2.5 0.00065847
3 5 0.0012337 3 5 0.0012014
4 7.5 0.001685 a4 7.5 0.0016498
5 10 0.0020662 5 10 0.0020304
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00053921 1 1 0.00048262 1 1 0.00041812
2 25 0.0011221 2 2.5 0.00099173 2 2.5 0.00094422
3 5 0.0017734 3 5 0.0016541 3 5 0.0016126
4 7.5 0.0022353 a4 7.5 0.0021352 a4 7.5 0.0021106
5 10 0.002599 5 10 0.0025185 5 10 0.0025099
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00039387 1 1 0.00037898
2 2.5 0.0009023 2 2.5 0.00087396
3 5 0.0015647 3 5 0.001527
4 7.5 0.0020753 a4 7.5 0.002034
5 10 0.0024725 5 10 0.0024341
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Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00061565 1 1 0.00055364 1 1 0.0005246
2 2.5 0.0012691 2 2.5 0.0011932 2 2.5 0.0011533
3 5 0.0019751 3 5 0.001919 3 5 0.0018862
4 75 0.0024648 4 75 0.0024298 4 75 0.0024085
5 10 0.0028474 5 10 0.0028289 5 10 0.0028164
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 75 4 7.5
5 10 5 10
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00069252 1 1 0.00065347 1 1 0.00062189
2 25 0.0014134 2 2.5 0.0013684 2 2.5 0.001322
3 5 0.0021643 3 5 0.0021319 3 5 0.002086
4 7.5 0.0026747 a4 7.5 0.0026545 a4 7.5 0.0026133
5 10 0.0030716 5 10 0.0030602 5 10 0.0030234
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 7.5 a4 7.5
5 10 5 10
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h/t=1 h/t=2.5 h/t=5
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1 1 1
2 25 2 2.5 2 2.5
3 5 3 5 3 5
4 7.5 4 75 4 7.5
5 10 5 10 5 10
h/t=8 h/t=10
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 1 1
2 2.5 2 2.5
3 5 3 5
4 7.5 a4 7.5
5 10 5 10
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Taad
d=40 h/t=5 d=30 h/t=5
Pressure Deformation Pressure Deformation
No. No.
(MPa) (m) (MPa) (m)

1 1 0.0044781 1 1 0.0044824
2 25 0.0060007 2 2.5 0.005941
3 5 0.0073997 3 5 0.0072676
a4 7.5 0.0083726 a4 7.5 0.008184
5 10 0.0091557 5 10 0.0089166
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d/b=0.5 d/b=0.4 d/b=0.3
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.00084654 1 1 0.0012518 1 1 0.0016276
2 25 0.0031319 2 2.5 0.0033314 2 2.5 0.0034319
3 5 0.004589 3 5 0.0045712 3 5 0.0045554
a4 7.5 0.0054195 4 7.5 0.0053061 a4 7.5 0.005227
5 10 0.0060533 5 10 0.0058633 5 10 0.0057324
d/b=0.2
Pressure Deformation
No.
(MPa) (m)
1 1 0.0018648
2 2.5 0.0034969
3 5 0.0045493
a4 7.5 0.0051771
5 10 0.0056469
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d/b=0.45 d/b=0.35 d/b=0.25
Pressure Deformation Pressure Deformation Pressure Deformation
No. No. No.
(MPa) (m) (MPa) (m) (MPa) (m)
1 1 0.0010012 1 1 0.001409 1 1 0.0017235
2 2.5 0.003161 2 2.5 0.003342 2 2.5 0.0034461
3 5 0.0044766 3 5 0.0045088 3 5 0.0045277
a4 7.5 0.0052319 a 7.5 0.0051986 a 7.5 0.0051724
5 10 0.0058003 5 10 0.0057198 5 10 0.0056553
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d/b=0.5 d/b=0.4 d/b=0.3
Ysunsnelusesyu Ysumsnmelusesyu Yunsnnelusesyuy
No. h/t No. h/t No. h/t
(M1519 1.4 (m1379 W.4.) (m1319 w.4)
1 1 1968.1 1 1 1261.467 1 1 712.149
2 2.5 4980.346 2 25 3216.251 2 2.5 1847.564
3 5 10384.932 3 5 6868.989 3 5 4150.189
4 8 18004.881 4 8 12401.19 4 8
5 10 24088.18 5 10 17096.5 5 10
d/b=0.2 d/b=0.1
Ysunsneglusesyuy Ysumsmelusesyu Ysumsnglusesyuy
No. h/t No. h/t No. h/t
(1519 1.4.) (1919 w.4) (M1579 1.40.)
1 1 320.612 1 1 88.908
2 2.5 877.922 2 25 314.524
3 5 2235.791 3 5
4 8 a 8
5 10 5 10
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