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Design and Cost Estimation
for Pressure Vessels

in the web based Environment

Eun-Jeong Cho

Department of Mechanical Engineering

Graduate School of Korea Maritime University

ABSTRACT

Internet service has now become available to anyone who has a
personal computer and as more computer networks have been built.
One can take advantages of the internet anywhere and anytime.
Many web sites have been built according to personal needs, for
example, personal homepages, on-line newspapers, search sites etc.
Besides, many web users who are attracted by engineering
calculation have studied to have the calculation and cost estimate
done in the web based environment.

So in this study, we have developed a design and cost estimation
tool for pressure vessels in the web based environment by using
javascript, ASP (Active Server Pages) and MS-SQL (Structured
Query Language) database. The tool is based on the ASME Boiler

and Pressure Vessel code section VIII Div 1. The execution of



engineering calculations is done with javascript. The performance of
this program has been verified by both manual calculation and BASIC
program. In the near future, many web applications for engineering

calculation in the web based environment will become popular.

keyword: web based environment, javascript, ASP (Active Server
Pages), MS-SQL (Structured Query Language), design and cost

estimation
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ﬂ_n UW=13.2

Zpp 2.Y,5

Expansicn joints
App. B8

Shirt length
Par UG-32,33
Fig UW-13
Por, UHT-13

Fillat welds
Por. UW-18 ond 36

Renforced openings
Por UG-37-41,

40&13&{

Kruckle thickness L n\ fpp L-T
Toriconical head
Par. UG-32 Par UW-15 Alignment Tapered plote
tolerance edges
Insgection opening Heod attoch- HoTiethickness | pociwozs Por. UW-9,13,32, Blind fio
Por. UG- 46 ——= " 1 M mentoveriap 1O US43 Circumferential 13 34 = Par UG-H1 34,44
Por. UW-2 and 13 joints UHT-34 Tubes
Conicol head Fig uw-12 Fig. Uw-9 Far UG-B,16,27,28,31
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fpp 1-5,L1,L2 t @
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Table UG-43 UHA-B, NF- 25 iy B agp F \,
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Fig. 2.1 Reference chart for ASME Pressure Vessel Code

Section VIII, Division 1



2.1 A7 (design)
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Hjof2i s 2= s =7 4 M=o ME

HEY, efEd, HAY § HE

ALY, dA=x
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Table 2.1 Basic contents for pressure vessel design



DESIGN TEMPERATURE T | MATERIAL | PLATE PIPE FORGING FITTING | BOLTING
SA240-304, | SA312-304, | SA182-304, | SA403-304,
-254~-19 | STAINLESS
304L, 347, | 304L, 347, | 304L, 347, | 304L, 347, |SA320-B8
CRYOGENIC 6 STEEL
316, 316L | 316, 316L | 316, 316L | 316, 316L WITH
TEMPERATURE
-195 ~ SA194-8
102 9% NICKEL| SA353 SA333-8 SA522-1 | SA420-WPL3
-101 ~ 31/2
60 NiokeL | SHE03TDE
59 = 2172 SA333-3 | SA350-LF3 | SA420-WPL3 |\ oo oo
SA203-A
-46 NICKEL WITH
Low 45 SAS37-CLI SA194-4
TEMPERATURE|  _gp SA516(IMPA| SA-333-6
CcT T) SA350-LF2 | SA420-WPL6
_29 ~
16 CARBON SA516-ALL [SA333-1 or 6
15 ~ o | STEEL SA285-C
T < 16 SA53-8 SA105 SAPBIWPE
INTERMEDIATE 7 —aro SAS16-ALL | Sa106-8  |SA181-60.70 SA193-B7
TEMPERATURE SA515-ALL WITH
413 ~ 468| C-1/2Mo | SA204-B | SA335-P1 | SA182-F1 | SA234-wpi |SA19472H
Cr-1/2Mo |SA387-12-1| SA335-P12 | SA182-F12 |SA234-WP12
469 ~ 537111/20r-1/2
v SA387-11-2| SA335-P11 | SA182-F11 |SA234-WP11
o}
SA195-B5
ELEVATED |538 ~ 593|21/4Cr-Mo |SA387-22-1| SA335-P22 | SA182-F22 | SA234-WP22 SA194-3
TEMPERATURE
STAINLESS
SA204-347H| SA312-347H |SA182-347H | SA403-347H
594 ~ gi5| STEEL SA193-88
INCOLOY SB424 SB423 SB425 SB366 WITH
ABOVE SA194-8
. INCONEL SB443 SB444 SB446 SB366

Table 2.2 Classification according to operating temperature

A A2 ¥§27%, A 574, Mo, Cr-M7, NiZd, 2349
7, SZzHYolE AHH AT, vlEEIAOE AH YA~ T
E 2Hdd= A so] Atk




2.1.2 7%= A%k (strength calculation)

D AA A=

(a) A€ 74 (applicable code)

HEE7] AA, Az #we A4S ZF vt wet 24 A Eetn
Aem H 5ol 7+ yete VlEs F¢ets APl U

7Hd HEAQ AoRs FHATAA A=t k=& A F
gto] PED (Pressure Equipment Directive)o]al & #] 7} o] A}-&-3}
= AL v=9 ASME SEC. VI, <=9 BS5500, =<2 AD-
merkblatter, Z#&2~2] CODAP, U2 &=2] Stoomwezen, ¥ +¥2] JIS B
8270 1231 sk= o] KS B 67335 °] Ut}

(b) A ¥=# (design pressure)

|71 AANE L A0 FAolA &7 H A AFelA e 2
gk AlolA FHolth

W<t (internal pressure)= 7|9 F7AE ZAAst= 23 2xrt @
t}. 9] ¢f (external pressure)< ZHU &7 ¥ =& v JF Fo] o
o EAH &A= hE e Aolrt fgtow A8 e QUTh

(c) AA &% (design temperature)

Adutg o g HAPAALES VFow &8 &9 S Fato] AL FA
E Tat7] witel] wr=Al g e st

(d) 82 A5 (dimension)

HHE719 AL T/ ALE AdA= Ao WA, 9stel A8
B Aol do] mela HgFH R A Feof 4 9 Ag 5ol dofof



Ela=y

(e) ¥2] o (corrosion allowance)

- 5 HoE DT 5 des FAdd i ofolnE FEAt =
Aleldtt BHE F2Aof= 6mm o]stolal 1

=iy e e adS AREske Aol vhEA sk

(f) 318 &9 (allowable stress)

58§82 AAREdd wet AR, 72 veke] A we bgE
gko] Fo it

(g) &Hol&a4 (joint efficiency)

SR WARAAE Aol wel AFAES Fojste Ao2A WA
ANl T A9 100%, WA Aol F-EA(Spot)?l B+
85%, WA AlAE SHA & AT 0% W] olgEE&S A&t
2 Zbo] disf &4 ol &> 1.0, 085 0.72 A&}

(h) 718 st= (load)

e SHElE 2R, g 3E AR 3 raE Sol Ak

2) 384 (pressure part) At

FE R A FA AAE FAYR Flo] A FolA At A}
dol oJg =S Atste] 8§ §8 Hu weE AAstojok g
ofgiell = ASME SEC. VI Div.19] Wil thgh 57 A2 S 27)e
ct.
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a. Ao AA

AL Fig. 229 #2o] ¢+¥8719 F&o sidste Fiolvh Wgtel 9
st 5 Ao T/ & Fig. 22 9F 2ol WHE 7= & wo T4 A
A2 A(2.1), Fig 23 3 Zo] AE 7Fo= & o] T/ AL 2
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Fig. 2.2 Cylindrical shell based on inside dimensions
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1 1<
[l A YL
Fig. 2.3 Cylindrical shell based on outside dimensions
_ P-R
b= s E—oep T4 D
_ P-R
b= S E+oap T A (2:2)

11



= gl 4H&7I7F AAE A5, Sl oA s

71+ AA &= (buckling)o] HAgtt ASME F=ol A qf8sks o<

A2 (external pressure check)A] 3-8 §=52 2] (2.3)% (24)°] YERY

St

1714, p

S
E

CA :
R
A L/D,,D,/t 2 &% (ASME F=9] Fig. UGO-28.0)

D,

_4-B

Pa - (3-D,/t)

P 9. A-E
“= @B-D,/t)

CAA Wk
D RATe] A wkA
CHY 8 A9 &

Dl og e ol gES

2o (Corrosion Allowance)

(2.3)

(2.4)

B! A, BAAF, 229 34 (ASME =9 Fig. UCS-28.2)
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b. 3= A

=
3 28, 474 o o7l ohe BUAE chFd ggle] ok vt o
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=

t}. Fig. 249 #eo] 89A W4 AFE 7|2 3 A F74 Ak
21(25)E, Fig. 259 o] 974 AFE 7|22 3 ZA%E 21260 o
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Fig. 2.5 Ellipsoidal head based on outside dimensions

. PDK
b= 9.5 E—02p T (25
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=7} "t A 28)3 29%E = EFgle] 2 1 1 B Al Bl wie
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= 4¢] A7+ ASME Section VII UG-45 o] @&tk UG-45(a)(1)
A A UG-22 o olg 77 Atel] 24 oFE Hg se=w 4
(211)3 2o

_ Px R,

ol
riu

N

=E FA= A Q1DCAA TR g 2t FE A =E 7
O~

e

o ada wFo] B REE )Y o FAY A4 2Hg= ¢

g}o] i (standard wall pipe) F71% 22 %k, o F gtEc} #Aofstt}.
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Fig. 2.6 Typical flange
2 =
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Fig. 2.7& 7WAI5 A

2o A= ASME sec. VIII =9 Fig. 2-4 (3a) Loose B¢l &
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Fog vehdl 1¥le) 1, Fig.
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Fig. 2.7 Determination of bolt load for gasket seating condition
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H; H; (or Hp)

G

] i b

gasket [N A :
B
flange t
ring
T
g —
nozzle
t!
!_! W= W, orW,,
B
+ Hp

Fig. 2.8 Determination of bolt load for operating condition

FAA Aol BAE A AEH VeE v 2k

FAdAe p, 94,
D, W74,
D, EE 77 71A 9 A7

M=ol G, - 914,
G, - W73,
N: A% Z(ASME 3=¢] Table 2-5.1)
b, 71 A" Z (ASME =9 Table 2-5.2),
y: A& AA AY $8 (ASME IZ=9] Table 2-5.1)
m - ZHs A9 #E (ASME Z=9] Table 2-5.1),
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G A=A HE e 9
EES] d: A%

Q: M

B, A& A4 @wH

A, EBES F o dwy

A s AAE W s U] A NS A sk, oln AA
A EHE FE=9] table 2-529 7]+ A|®%o] 025 inch °]3df

A A= A (212)F, 025 inch 2349 49 2 (2149)F o] &gt

b, < 1/4dinch p = p, (2.12)
G= G,—2b, (2.13)
b, > 1/4inch p = 0.5 Vb, (2.14)
G:AQ%#ﬁ (2.15)
2. M7l BE A

FAA AAA AAT EEVL Hadd FAA S A=Y SFS
A (216) ~ 2192 T8 2 ¥& AE BES dHAHS 4 (220, F
S G Ae 4 22DE o] &3ste] e
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A= W4 4% ¥ H,=2-7-b,-G-m- P (2.16)

xRz ot g LG P 42‘P (2.17)
HA 84 BE o5
25X W, = H + Hp (2.18)
MN=Z AN”GA W, = 76, - G-y (2.19)
BE F @94 4, = Q- B, (2.20)
BES F o7 UHAL HAXEE 35 wE BE 889 SE U
grelth

A — lSV (2.21)

W = (A, +2Ab) S (2.22)
Az 27 N2z A" =
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FE L7 AEAE A (224) —(22DE o] &kl RAEES Taw

Fe 8717t ARBEE A (2289 ol st muES e

Hy = ”'ZZ"P, Ly, = PSPy, = myoim, 220
HG - Hp’ LHG - Dcz_Gi’ MG = HG'LHG (225)
HT H_HD, LHT == LHD—ZI—LH R MT = HT'LHT (226)

T RUNE M= M, + M;+ My (2.27)

HG - VV, MA - HG‘LHG (228)

20



ool A P HWES S Hn A (2208 o] §3te] HaA

D;
ZWA A AR t= | LM (2.29)
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o714y sE 747t RAES F&89S Yehdt
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Hl gt o] Aale v d wAe ~AE (Ho)x~ ) #H1 , 21
2T sEEY WA I e AX FrRe] A Yz el
E 1

H1, 27 E ByolAa & AA(erection) x| AAF 1E]an U

Lo

/9% W, BAE, fol= AE 29, 4987 715 5 Aol 9

N}
\"}
B
p
-+
=
g
-
=
o
=
o
7
e

FEAM] BUE BAG A FA, FF L NG ) ks
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AA Foz YA A% AAL 71 BOM Bill Of Materia) S Al
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design condition

mairn de sign

shell Aae=
shell design HEEw material
T | asuedata0p
PVD DB
head E.=2xd
a4 2 o :
QUL ALES) i 5BEH
save head design Hasw
Saj0inie ,_T
3
word file i 18,52
e nozzle design HEza
[~ B
Bill Of Material IW‘ na.es
BOM DB ign TEEY
AENO} AT ok

=F.5M

MHE EaE
A EHE ¥
pma ] A =0
Saddle
dimension D
PVD ga2t0ias 53 =0l
Estimate DB AR EHE
Sl L Saddl
A dmension Sl
BOM save word filg dirmension

Fig. 3.1 The block diagram of a system
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32 A EAX dHolgHH ol =

AR FRE exd 47 58 $He BE dAAS £3 depdd)
At opepd

zststol A eme] %A B7k stel g SN GHATE T
Fig. 32 & 4249 Ad 5§ 22 e

YIELD MAX, ALLOMABLE STRESS, Ksi [ Tew, F |

MATERIAL | FATHO | ropea{ 100 | 200 | 300 | 400 | 500 | 600 | 650 | 700 | 750 | 800 | 850 | 900 | 550 | 1000 1050 11100 | 1150 | 1200
5A193-85 i1 B0 | an.oiw.s 14.5[10.4]7.6 5.6 (42131 [20(13
[ SMga-b7 o & [ 108 250|243 6(21.0(17.0(12.5| 8.6 | 4.5 T I
SALG3-ETH 4 B0 | w.0|w5[182128]85 45 I I
SA33-E16 ] 6 | 108 [ | | |=.0]/=.5/20.5/16.0|11.0| 6.3 28

SAI-HFL 1 | | ! 13.8(13.5(13.2[12.7[ 8.2 [ 4.8 } i
SAZIA-HELZ L | 1 | 15.0014,6/1.0112 3] 7.2 (4523 01.8]1.1
SAZ34-HPLL 6 | X 15.0]16.8014.4/14,0)13.619.3 (63 (422811912
SA234-HP22 10 | 30 150413 6(108[s0lsTlasfzalna
SRI34~-HFS 11 30 15.0114.524.4 14.4(14.2/113.9|13.7)13. 2|12 8]12. 1109/ B0 |58 (4229 118 1.0
SAZ34-HPR 2 5 1504 4|13 0(108) 8.7 |66 ) 486 |25 ] ]
SAZI4-HPY 12 | 3 15.0[14.5]14.414.84[14.2/23.9/13.7(13.2/12.812.1[1: 4[10.6/ 7.4 |50/ 3,3 (2.2 | L.5
SAZI4-HPC 2 40 17.5[16.6/14.8[12.0 | | |
SA36 5 E 14,5 13,91 ¥ |
Shasi~C 1 30 I 13.8 I [

SA2BS-C 1 30 | 13.8/133/12.1/10.2| 8.4 |65 |

SA515-50 2 3z 15.0/14.413.0/10.8|8.7 | 6.5 | 4.5 | 2.5

SKE15-65 2 3 16,3[15.5[13.9[11.4[9.0 |65 [as]|zs

SAS15-T0 F 8 1751668 [12.0]93 (65 [as2s 1
SA516-55 2 30 13.8(13.3[121]w.2]84 |68 [e5]25 |
SAS16-60 FEE 15014 411301081 8,7 |65 | 45|25 | 1
SAS516-65 5 | 35 ] 16.3)15.5/13.9 |11, 4190 |6.5 |45 | 2.5 i

SAS16-70 5 [ = 175|16.6/14.8[120/53|A5]48]25 j b
SALOB~B 2 | 38 15.0[10. 4]13.0/108]8 7]65 14525 1 1
SALTR 1 | 28 1 11. 8|11 5{10,6/ 5.2 f 7.3 | 6.5 i

SAZL0=A1 2 | 37 ! 15,0184 |13, 0j108 B 7T[E5[48i25] ]

SAZID-C 5 | 40 i7.5[16.6{14.8]12 0/ 7.8 [50[3.0]15 |
5A53-B i 5 1 i2.812.2[11.0]9.2 [7.4[55 1 |
SALVE-A 1 26 ] Wo0]9.8 (91 (78|67 (55 (38l21! |
SALTR-C 1 7 I 128J12.2[11.0[{9 27455 |38 )2"] |
SAZIL 1 F ] I woeise 9178|6755 /3a8f2.:] | |
SA105 2 36 | | 17.5/16.6{14.8/13.0/9.3 [ 65 [ 4.5 [ 2.5 |
SA181-160 2 30 I \ 50| 4f130(oe|87][68]8]25 ]
SA181-01.70 2 36 I 17.5(16.6]14.8]12.0]/90.3 |65/ 4525 { i
AAT6E~1 F] 30 | 15.0(14.413.0/10.6] 8.7 (65145 2.5 ] ]
SARME-2 2 £ 1 17.5| 16,6 14,5 112,0 9_3i§_5-l_5|2.5' | 1
SA205-H ] 40 H 17.5(16.6{14.8112.0/9.3 /651 ¢5 25 | i

SAZOA=A i 7 | fis3[1saf1s3f1a7iazlan I

Fig. 3.2 Maximum allowable stress of materials
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USED IN FORMULAS FOR VESSELS UNDER EXTERNAL PRESSURE
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Fig. 3.6 UCS-28.2 of ASME code
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Fig. 3.14 Result of pressure vessel design
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Fig. 3.16 Ms-word file of calculation result
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Fig. 3.19 Database of pressure vessel file
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