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Sifat-Sifat Material Baja Karbon Dan Baja Paduan Rendah

(Paul Buthod, Pressure Vessel Handbook, Seventh Edition Publishing INC. P.O Box

353635, Tuisa, OK 74153)

PROPERTIES OF MATERIALS
CARBON & LOW ALLOY STEEL "
Nominal Specification .
Form | Composition| Nember | Grade APPLICATION
SA283 1 C Structural quality, For pressure vessel
< may be used with limitations see note:l
c sa285 1 C Boilers for stationary service and other
pressure
C-5 SA-515 i 53 Primarily for intermediate and high
temperature ervice
e C-Si SAS15 1 60 - -
o
& C-Si SA-515 | 65 -
C-Si SA518 | 70 - -
C.Si SA-516 | 55 For moderate and Jower 1emperature -
service
C-5i SA516 ] 60 -" =
C-Mn-Si| SASI6 | 65 -" -
C.Mn-Si | SASIE | 70 - - B
o C-Mn-Sl| SA-105 For high temperature service : J
é_é C-5i SA-181 } For general service J
% CC- ',::“. | 5A3 50 IfF;; For Jow temperature service
v C-Mn SA-53 B For general service
= C.Mn SAID6 | B For high temperature service
1Ce-1/$ Mo.] SA-193 | BT - For high temperature service
b=l Bolt 2% in. diamn, of jexs
":6 r SA-194 | 2H For high temperature service nut
a
r SA307 | B Machine bolt for general use

|

\

|

|

* Data of the most frequenty uscd materials from ASME Code Section Il and viil

T 3 g T hineweitne Ciadiah Mada
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PROPERTIES OF MATERIAL {cont)
Form |—Teoton Nufnbet s-{fngh fﬁ? Ns::ex
Number § Grade 1,000 pal. | 1,000 pil.
sA283{ C 1 $5.0 300 i
sa28s| C | 55 300 26
SAS1S | 55 1] 550 300 3
SA-S1S | 60 1 600 320 3
o1 sas15 ] 65 t 65.0 35.0 3
é SASIS 1 70 t 70.0 380 2
SAS16 1 55 { 55.0 30,0 32
SASI6§ 60 | 60.0 320 33
SAS16 | 65 | 65.0 350 38
SAS16 | 70 | 70.0 380 3.4
o ] SA-10S 1 700 360 23
2oF| a8t | ¢ 1 60.0 39.0 23
j<E LF1 60 | 300 _
B SA350 | [Fa ! 700 | 360
T | SAS3 B ! 60.0 350 2347
.,E,E SA-106 | B 1 60.0 350 S 3
o | sat93 ] B7 - 1250 | 1050 | andcdin -
é SA-194 | 2 -~ 55.0 - -
8 [Tsaso7| B - 55.0 - s
{ L

PO o Sl L3 S 3 . Jn
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NI .
Nilai-Tegangandketiaboleh Maksimum... .
UNIVERSITAS
(Paul ButhodPressure Vessel Handbook, Seventh Edition Publishing INC. P.O Box
35363, Tulsa, OK 74153}

PROPERTIES OF MATERIALS CARBON & LOW ALLOY STEEL
Maximum Allowable Stress Values In Tension 1000 mi .

Spcciﬁc:tion Fot Metal Temperature Nol Exceeding Deg. I,

-10i0
Numberl Grade [os0 l100 | 750 |n00 lase feoo jeso frosojioojtisejizce

SA'ZSJ C l 2.7 - - - - - - - - - -

SA285 1 C 118f13.3] 1213102 84§65~ 1~ |- | -
sa-sts | 55 lizsliaajizilio2ige}es| 45 25] - |~ |-
SA-SIS | 60 [15.0]14.4]13.07108| 87|65} 45125 - |- |-

SA-S1S | 65 163115.5] 1391141906545} 25| - 1 - -
SASIS | 70 [17.5]166/148|1201 93 65| 45] 251 |~ | -
SASI6 | 5§ (13.8l133l121}102) 8465145125} | - | -

sa516 | 60 lis.0l1da.4f13.0f108] 87|65 45} 25; - | - -
sas16 | 65 l1e3l1ssli3ol1l4]90) 685} 45125 3 | -
sa-st6 | 70 |17.sliceltaslinolosiesid4s|23j - 1« § -
SA-108 1.5 16.6| 14.3}120] 93| 6.5 45| 25} - |- | -

SA-181 | 1 15.0}14.4] 1301108} 87| 6.5} 4.5} 2.5} - | - .

TS0] 134|130 [10K [ 148 | 50 [ 30 |13
SA-350 l{:; 1751166 33844201 78150 ¢ 30 157 ° ° -

SAS3 | B 150l144{130{t081 82165}« |- |- {~ | "
SA-106 | B 1s.0l144l1300108 87 6545t 28] - |- |-
SA-193 |B7g2u25.0]25.0{ 23.6{21.0117.0[125] 85} 4.5y - | - | -
sa194 | 2H t- (- |-}~ 1- 4- 1« 41 q-}-
5A-307 | B 1. - - 1o {1V 1-1-

ST Stress Valucs in this table may be interpolated to determine vahues for
intermediale temperatures,

Telmil Mesin, Universitas Gadjah Mada
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Nilai Faktor A Dan Faktor B Untuk Bejan Silindris Akibat Tekanan
(ASME Boiler And Pressure Vessel Code, Section VI, Rules For Contruction Of
Pressure Vessels, Devision 1, 1992 Edition)
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Length + Outside Diameter = L/Do
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FIG. 5-UG0-28.0 GEOMETRIC CHART FOR CYLINDRICAL VESSELS UNDER
EXTERNAL OR COMPRESSIVE LOADINGS (FOR ALL MATERIALS)
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ATIAL LN
YAV VAV M INN ATAY]

20.000
18,000
16,000

14.000

12,00

10.000
£.00C
2.000
7.000

6.000

5,000

£,000
150
3.000

2,500

2000

1 LI B [ i '] i1 lE t { I b 1 l
NOTE: Ses Table S-UCS-2E.] for tadular wvalues R
R Lo Tl o 300F
EREIEERE TR [ j ! H
1 Lt
- /’L‘ /‘!”T D sl B 7:505
! i - 1 b — 20 §
‘i f/ ' J—-‘/ ! l
- L SO0 F
! J//V ‘-L// J’- ] J"/ 11
il s Ml !
'/ a =l
J r L~ P i 1
/ = J
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! 1 ] l
LTI i Bl
B 2 3 4 56788 2 3 4 5 678% 3 4 55789 2 1 4 567879
2] L0001 001 ko] R
’ FACTOR A

FIG. 5-UCS-28.1 CHART FOR DETERMINING SHELL THICKNES
VESSELS UNCER EXTERNAL PRESSURE WHEN CONSTRUCTED
(SPECIFIED MINIMUM YIELD STRENGTH 24,000 psi TO, BUT NOT

S OF CYLINDRICAL AND SPHERICAL
OF CARBON OR LOW ALLOY STEELS
INCLUDING, 30,000 psi) [NOTE (1}
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. 8000

7.000
£,000
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4,000
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it + 4 1 1 b1l o1& ] l ! 1;¥l
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1 L0001 £01 o .
: £ACTOR A

F1G. 5-UCS-28.2 CHART FOR DETERMINING SHELL THICKNESS

OF CYLINDRICAL AND SPHERICAL .

VESSELS UNDER EXTERNAL PRESSURE WHEN CONSTRUCTED OF CARBON OR LOW ALLOY STEELS

SECIFIED MINIMUM YIELD STRENGTH 30,000 psi AND OVER EXC
WHERE OTHER SPECIFIC CHARTS ARE REFERENCED) AND TYPE 40
[NOTE (]

~

R LI A T S

FACTON B

FACIONn B

EPT FOR MATERIALS WITHIN THIS RANGE
5 AND TYPE 410 STAINLESS STEELS
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Dimensi Dan Berat Dari Pipa Baja
(Standar ANSI B36.10}

Dimension and Weight in ANSI B36.10 " Waelded and

Size Weight Schedel
Wall Thickes cominal Weight & reuie
Neminal Owiside Diameter “ e Kemiasl Weis . Cleas Ke
S jo (mem} i {ema) 1y {ig/m)
iy 0405 (1031 c.o68 (1.7} 24 1037} sid LT
Sous (241 c31 04T} x3 80
3 oS540 Q3N v.ond 2.2 042 (0.63) T 40
a.11% (3.01 054 {080} X3 80
Y 0675 11714 a.091 (2.3 057 084 wd 40
0.126 32} 0.54 (130 x5 80
et 0.840 [213] ©.10% (2.8) b88 {127} sd 40
0.3147 @A 1.0% {162} xS 8D
oud {1.8) 1571 (28} Ixs
EA 1050 (2E.7) 0.113 (2.8} 113 (1.68) a1d <0
0.154 (3.8} 147 @20 XS 80
0.308 {7.4) 244 (3.68) xXxs
1 1315 (33.4) 0.3123 34D 1.68 {2.50) otd <0
6.379 .8) 217 {324) xs B0
0258 (5.1) 168 (£45) Xxs
i 1600 14271 0.140 {3.6) 227 (Ao ad 40
' 0.1v1 (48} 200 {(¢47) X8 O
0382 8.7} £21 (7.37) XXxs
14 1.000 (4EM 0145 X7} 2.72 {405} aid 40
CRLTINCNE 363 S0} xs %0
0300 (102} €41 95E) XXs
2 2378 4803 C.I54 (3. 165 (544 atd «0
C2i8 (55) 502 (T.48) xS BS
0ed {87 746 (1111} 180
0.436 {11.1} ¥.03 (13.44) xx3
2% 2275 (T3.0} 0Zay (82) 579 (.63} ad 40
0.276 {7.0 7.66 {11.41) xs BO
aars nal 1o01 {144} “an "R
0.L52 {14.0) 1509 (05 xxs sen
{
3 3500 {23.9) 0216 (55} 158 (11.2%) acd 40
0300 (7.6} 1025 (1527} xs B0
0.428 {11.3% 1232 {21381 180
c.e00 (1532} 1258 (2680 xxs
ay 4000 (101.8} 026 15.7] 2.1 (1357} ad 4@
0318 8.1} 12.50 (18.63) xS 8D
4 €300 (1143 0247 W e (18.07) ad w
0337 (8.4 140 T2} xs 8O
0.434 (111} 19.00 (2837} 120
0ss1 (135) T251 [3154) 160
c.67¢ [17.1) 2754 (41.03) xXxs
H 5563 (14131 0258 (8.6) 1062 (2137} sid 40
078 85) 2078 (d0.87) xs 80
0500 (12.7) 27.04 (4028) one 120
0.838 [15.9) 28 (49.11) 160
0.750 (1¥.1] JESS (87.45) xXs
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Searniess Wrought Steel Pipe’

Size -odl Thichaens Nominal Weight Weryht beh:&-ic

Nomina] Ouizide Diameter Class Ku.

in. in. (mm) ia, {mam} 1hrft (hg/ml

€ 64U {108.3) ose (7.3) 1807 (2820} id 40
o482 (1100 ZHAT (4T54) X3 8O

0547 (141 3829 (542000 120

a.Te s 5218 {67 .56) 150

DB (22.0) su.3¢ (792000 xxy

¥ s6us (2101 0250 6.4} TG (XA} aes 20
ouT? {7.0) 24.70 (365811 e 30

0372 (8.2} 2855 (42.25) e 40

0408 (203} 35.64 (33.08) . &0

0500 {12.%) 4339 (64.64) XS 80

0584 (15.%) 50.95 (759 100

0319 (1) GO.T1 Ip0.d) <. 120

0.812 (206} €7.76 (100392 e 140

08TS (222 7242 (30787} XXs

0.906 {23.0 7469 {11327 160

10 10,750 {Z¥3.)) 0.2s0 (e.d) 2404 (4 1.77) 20
0279 (1.1} 3100 (1é51)

0.307 (7.8) 3424 (£31.03} —e 30

0.38% B3 40.48 (6031} std 0

0500 {12.7) 24.74 {8155 xs 8O

ospd {1501 41,43 {96.01) A

07ty (183} TT.O¥ 1438 100

0844 (216} we.29 (133.09) 120

1,000 (25.4) 16432 (1858 xXS 140

1125 {28.4) 11564 (172.3%) 160

12 12750 (33 050 tE.4) 2338 WY 20
0330 £.4 43.77 6520] 30

0375 8.5 554 (T3.88) ad

0404 (3103) £2.52 (797 %0

05U {12.7) 65,432 WT.Ad) b4 e

oAy 1143) TIIS L10g A} L]

o588 (17.5) s83 (132.08) 80

0844 (214} 10732 [(159.F1) ‘e 100

1.000 £25.4) 1254V (BT Xxs 120

[ 5 Y 13U 46T (Do 14 . 14y

Pz luss) ST 1seTu) 1

14 14000 (355.6) 0250 (€4} 36,71 (5¢.88) 10
0312 7.9 4551 (67 90) 20

0378 (85) 54.57 18133} NY] 30

0438 {11.1) €444 (P4.55) LR 0

0500 {12.7} 7200 (1073%) xs

0884 (153} ¥5.08 (126.71) es &0

0750 {18.) 106,13 [158.10) 8o

BUIK AN TMERS (104 30D 1ok

IRLTTENG Bt PRO.TY L] v 120,

1 31.8) 170t (253541 e 140

1.406 (38.7) 15911 (281,70 180

16 16.000  (406.4) 0.250 6.4} 2,05 (g2.64} 10
0312 (7.0} 227 {7183 20

0378 (9.5) £25% (9327) oud 30

p500 {32.7) g2.77 (123300 X3 ot

0858 {16.7) 107.50 {180.12] &0

o sed (2141 13481 (202431 ves B0

t.ool et 1e4.m2 (rasDal 100

LUy 3L WL A3 (Esddd) LR 120
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Siie . R Wright Schedale
Y i T ‘ominal Weight . A
Nomisal Cutpide Dismeter alt Thicksens N Claes N,
' in imm} in [(ma) oy fig/m)
1438 (368 g (NN N . 140
1544 {40.51 LI5S CHINIIDY 1w
1] 1X000 {457} 250 {U.4) TMD TDAN H
oM (7 AHDL 4771 .- it
QATS (U5} USSR {IUS.IK) whed v
0438 (11.1} g2.18 Liwean) AU
0500 (12.7} 93,45 {139.15) xS
0562 (143} 10467 [15580) 40
0750 (193} 138.17 {205.74) L 3]
0934 123.8) 17092 [I£458) e bais]
14564 (2YA) wyT g oAUy« .. 11111
13875 (34.9) 24434 (9435461 .- 2o
152 {38.7) 27422 40826} e 14U
1781 452) 30850 (45937} e 1)
0 20000 {508} Y250 (6.3] 5278 (TEAS) e 14
QATE {8.5) TE60 {117.15) sid P
0500 {12.7) 104.33 {15537 Xy 30
0594 {15.1} 17311 {18347} . 40
Ox1Y {206) 166,40 {247.53) . el
1aar Eas) wIMAT 110071 (R »wa
12m) (8U5) 254,10 (153 e o0
1500 (3¥.1) G AT tdd LAY 1
1.750 {445 341.09 (50431} LI §40
LG8 (50.0) ITUAT BGLRD e pELY)
24 000 {810) 0250 (6.4) G341 WHWLAM e 1
0375 (85) S$4.67 (14112 ad s
0500 (12.7} 12549 (187.06) X3
0552 {143) 1idSg (2096410 R au
g {175) 1712 (4554101 ) +U
OpuY {24.03) LREAS (48530 e L
1219 (31.0) 2946 58 (L42.08) e w
1531 (36.8) 36739 547N 100
1812 &80 {19y (6400} .- 1
AW ST L R ETINE 1A .- 140
UM (59.5) FYERLINE T Slels] .en e
26 o000 {66D) 0250 {6.4) €475 (10225} .. .
0312 (7.2) 5E 60 (127060 . 10
0375 {85) 10263 (18247} wd
. usow 11271 106,17 ol s Fall
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Tabel-tabel Perhitungan Base Block
(Lloyd E. Brownell, Edwin H. Young, ProcessEquipment Design, John Willey & Sons)

Table 10.1. Average Values of Properties of Three
Concrete Mixes

Waler Conterd

.{C(

It

U.8. Gullons 28-day Ultiniate o o
Compressive
Strength, psi

per 9-bAb Sack

of Cement
Tl
0%,
0

B

200

4

2540
BUHE
3750

Table 1_0.2. Yalu

es of Constants Cy, Ce, 2

E.

f

Allowable

Contpressive
S[trength, pst

800
10
L2430
1400

Function of & (156}

k C.
0.050 0.600 3
0.100 0.852
0.150 1.049
0.200 1.218
0.250 1.370
0.300 1.510
0.350 1.640
0.400 1.765
0.450 1.884
0.500 2.000
0.550 2.113
0.600 2,224

HH'QI\?[\?l\Jl\ﬂIQ‘\?I\'}N

G,

608
.887
772
661
531
4412
333
224
113
000
884
.765
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Tabel-tabel Perhitungan Base Block
(Lloyd E. Brownell, Edwin H. Young, ProcessEquipment Design, John Willey & Sons)

Toble 10.3. Maximum Bending Moments in o Bearing

Plate with Gussets {107]
{Courtesy of MeGraw-Hill Book Colj

r=5b2 c fx = b2

Ly e (y iy ) M, (\_v =0 )
0 tH —0. 30077
Tia 0 _e0T8Lb? — 4 A28
L 0_.0293f.h* T
2, 0. 43381.h° 0
i 0. 09720h° — 0 1E9f7
i 0. 1237.h% —0 12410
2 0. 131167 -0 125f.F°
3 013350 —0. 1250
= 0 E33L47 —o_12300°

wusset spacing (x direction) inches.

h =
[ == hearing-plate ‘oulside radius minus skirt outside
radius (v direction) inches.
- .
Taleonsmn?s for Moment Coleutation in
Compressinn Ring (1073
(Courtesy of MeGraw-1i1 Book Co
A %

b/l LD 1.2 14 L6 L8

v, 0505 0 az0 02110 8125 9 073 wuz
v 0,135 9.113 0.085 0057 .37 0,023 0
Nofe: for a by [ less than 1.6 invert b, 1 and rotate uxes 40°.

T v o1 1 7.t T Eivewaitee {indiah Mada
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Data-Data Baut (Belt)
(Lloyd E. Browneli, Edwin H. Young, ProcessEquipment Design; 1 ohn Willey &

Sons)
Table 10.4. Bolt Data (157)
(Courtesy of Taylor Forge & Pipe Works)

. .. Minimum Maximum
+ Standard Thread 8-thread Series Boll Spacing* . Radial Edge  Nut Filiet
e No.of Root No. of Root . Alinintum Pre- Distance Distance  Dimension  Radius
Threads Area  Threads  Arca B, ferred n E Geross s r
" 13 6. 126 No. 8 114!! 3¢ l.'.—;'fl;” '-‘\\.r 7_51: fi ‘"
” 11 0.202 thread 114 3 ENN .3 e 5
19 0.302  series 34 3 11 = b 3
v 0.419  below 17 2144 3 L1y 5y ur g
8 0.551 8 0.531 24 3 X 1 o o
o 7 0.693 8 4.728 2i3 3 1ty 1ty 113, e
o 7 0,890 8 4.929 RAE: S 3 137 Big 2 EI
" 6 1.054 8 1,155 RAEN 174 i3 RIS 1y
' 6 1.294 8 I, 405 3g 2 1ts s34 34
" 5ls 1.515 8 }.680 314 214 15 RETN :):;
o 5 I.744 8 1.980 334 2y HE REN 34
SO 2.049 8 2,504 1 2ug X B ag
| 435 2.300 8 2,652 434 21, 2 0 na
v 4y 3.020 8 3.423 43 2% 21 3 11,
L 3.715 8 4.292 53 e 2, 374 1300
v 4 1.618 8 5259 5% 33¢ 2sg 434 5%
4 5.621 S G.504 617 354 27¢ 13¢ e

« 3, = center-lo-cenier distance hetween bolts, inches
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Berat Dari Pelat-Pelat Baja
(Paul Buthod, Pressure Vessel Handbook, Seventh Edition. Pablishing INC. P.O Box
353653, Tulsa, OK 74153)

WEIGHT OF PLATES
Pounds Per Linear Foot

I Thickneis, Inchet
Width

[ [ x jw | %)% NIPIEEIRI IR

33, | 21.0] 28.1¢ 35.1 421] 42} 561 63.1) 70l .1l 2] 9L2] 921105 1!2\
34 | 21L7] 28.9) 361 43.4] 506! 57.8| 65.01 723 785 86.7\ saol101 | 108§ 116

35 | 2231 298] 37.2f 446} 521] 595 66.91 7441 31.8] 3931 96.11104 1zl ne
35 | ol sae| se3] 45.3) 53.6] 61.2 68.5 Jes) sh2l o18! sasjw07 j1us IR

s7 | 7.6} 31.5) 393] 412 55.0| g2 708] 76} B85} 94 102 j110 § 18§ 126
a8 | 74.2] 323} 404 48.5| 565 646 7271 sas]| eas} 96.9(105 113 1711 128
39 | 24.9] 33.2 41.4] 437 580l ess| 746 829 912 995 joe |116 | 1243 133
%0 | 2551 340 425} 51.0 595] 63.0 265] 85.0 3.5{102 |11 119 {18 1%

41 { 26.1] $4.9} 43.6 528} 61.0] 69.7] R4} 321 esslios (113 [122 |13 139
42 | 2681 35.7] 44.6 ss.6] 625] 71.4] 303 2981 s8.2{107 |116 {125 141 143
4% | 27.4] 366} 45.7 548l 64.0{ 73.1f 82.2| 914 101 |10 N8 1B 1371 146
44 | 2811 3747 468] 561 655 748 342 3S)1B 12 {122 {11 |40 150

45 | 72.7] 383 478 57.4| 669 76.5] 861} 956 105 |11 {124 1M M5 | 153
45 | 798| 39.1] 48.9] 587 s3.4| 73.2| 280 912 1 j117 127 sy W 156
47 | sno] 40.0{ 45.9 50.9! 69.5] 70.9] 829 939 110 1120 130 (140 | 150 160
48 | 30.6} 08| 51.0f 612 71.4] 16| slzpe2 ju2 172 {183 (143 | 153 163

49 | m1.2} 417 521 625 72.9 83.3] 93.7}104 115 [125 {135 |146 {136 167
50 | 219 4251 531 63.8] 74.4| £5.0] 95.6[106 1317 1128 1138 {149 1159 170
51 1 325] 43.4) 542 65.0| 75.9| 6.7} 9151108 115 1130 {41 jis2 11683 173
52 | s3.2i 44.2} 553 e8| 77.4| B84l 9asiiil 12z 1188 144 {155 | 166 n

53 | 338] 45,1} 563 €16 78.8] 9014101 118|124 i35 {146 1158 162 | 180
54 | s44]45.9] 574 ssof sas| s1shie 1115, 125 {138 149 161
55 1 A5.1) 468] 584 201} s1.8) saslios {17, 129 |140 1152 1184
56 | 35.7] 41.6] 595 714 g3} osalior U9, 131 1143 {155 [167

57 ) 368] 485] 606 27| s4s| sssl109 |12l 138|148 jis8 1170
58 | 37.0f 4331 616 740| 863 seelin N2 135 {148 1160 173
54 | 37.61 5027 627 2s.2f s78l100 113 1B 138 |15t j163 176
50 | 32.3} 51.0} 63.8| 765 gosj1m2 {115 [ 140 j153 |186 179

61 | 38.9] 51.9] 4.8 772| sa7hioe 117 130 1as |156 162 {182
g2 | 3957 52.7] 65.9 781} 922116 (119 132 145 1158 {171 185

es | zasl 44| 68.0] B1.6] 95.2109 122 1136 [150 |1&3 177 |1%0

g5 | 41.4] 553) 6.1 £29] 96.7{111 124 138 152 166 180 {193
66 | 4211 561} 70.1 42 821112 {126 140 154 {168 1182 196
67 | 4271 52.0] 71.2| 854 09,7{114 [128 [142 157 |171 186 199
£7.8| 728 84.7{101 }116 150|145 [159 173 j188 {202

43.4
69 | 4.0} 58.7] 738] 8301103 117 182 147 j161 176 (131 205
20 | 446 595] 74.4] 33.3[104 119 J134: 149 164 {179 |19 {28
41 | 458) 604f 754 9051106 171 |1%6 151 166 [181 156 1711
72 | 45.9] 61.2] 7651 9LE1O7 12 fiss 'hs3 168 1184 {199 (214
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Berat Dari Pelat-Pelat Baja
(Paul Buthod, Pressure Vessel Handbook, Seventh Edition Publishing INC. P.O Box
35365. Tulsa. OK 74153)

—
WEIGHTS OF PLATES
Pounds Per Linear Foot
Thickeest, Inches

1~%&xu}sx}s&ax=u%‘m%%t

7314651 621} 77.6] :.1] 109 | 124 1 140 125 {171 [ 186 1202 | 217} 233 | 248
1414721 62.9] 78.6} S4.4] 110 126} 142 157 | 173 1189 | 204 | 2201 236 252
75 | 478 | €321 70.7] 95.6f 112 | 128 | 143 159 | 175 {19t | 207 | 2B | 239 255
76 [ 485 | 64.6] 30.8] 96.9; 113 | 123 143 162 {178 1194 | 210 | 226 | 242 258

77401} 65.5] s18] 982} 115§ 131} 147 164 1180 ] 196 | 213 { 2291 248 262
78 | 45,71 66.3] 82,9} 9951 116} 133 | 149 166 { 182 {199 | 216 | 232} 243} 285
19 {504 | 62.21 8391101 | 118 | 134 ] 151 1es 185 202 | us | 235} B2 2569
$0 | 510} 63.0] 25.0}102 | 119 ] 1367 153 176 {187 (204 221 | D3| 233 mn
s1}s1.6] 68.9] as.1i1os 121 ) 138 ] 158 172 § 129 1207 | 224 | 241} 258 275

gs 1529 7067 2821106 } 124 | 141} 159 176 | 194 | 212 | 229 § 247} 265 2
g4 1536] 7L4] 893107 | 125 ] 143} 161 179 196 j 214 1 32 | 250 | 268 286

g5 | 542 ] 728] saslics | 126 | 1451 163 181 {199 217 | 235 | B3| 271 289

2715 | 240| szaliny | 129 | 148 | 166 | 185 | 208 § 222 1 240 mg 277! 296
st lze1] 48| easltaz | 1511 130 168 | 187 | 206 | 724 | 243 22| 21} 799

255671 785.7] 946|114 | 132§ 151}170 189 1 208 | 227 | 246 } 2631 284 30
00| 57.4] 765] 95.6[115 | 1M | 1531172 191 | 710 | 30 | 249 | 268 | BT 306

51 174) se.r11s | 135 155114 ] 193 f S 2 lost | 2711 2901 309,
92 1a2) o78i117 | 137} 156} 176 | 196 | 215 o5 | osa t 2741 293 ) 313
93 70.1| ossli1e | 138] 1587178 | 18 sty | 7257277} 26 316
94 75.9] 939|120 | 140 | 160 180 | 200 } 220 240 | 260 | 2801 300} 320
98 sosfior 1121 | 141 162182 | 202 | 222 asn | 262 12831303 | 323
96 5161102 122 | 143 ] 163 | 184 | 204 | 224 245 765 | 286 306 | 326
98 g3slt0) 1125 | 1461 167] 187 | 208 o9 b os0 | 271 | 2921 312 333
160 2501106 (128 | 149] 170} 191 | 213 | Tt 55 | 276 | 296 | 319{ M0
102 s67{108 1130 | 152 | 1731195 247 218 | 260 | 282 | 304} 3B EEY)
o4} sz4l11y 13 | 35} 177] 199} 22 243 | 265 | 287 [ 309 | 332 334
106 satliis liss |iss | 150|200 {225 | 248 | 270 293 | 313 33k | 360
108 91.8]115 ;33 161 184207 {230 | 253 {275 | 7N 321 | 341 367
116 g1si117 130 | 164§ 187210 7g | 257 | 281 ] 304 | 827 351 374
112 gs 21119 1143 | 167 190|214 | BB o262 | 786 | 309 § 333 | 3571 381
114 ocolizl {148 | 170] 194|218 242 | 267 [ 251 | 315 | 3391 363 | 383
118 aseltzs {148 | 1731 1971222 247 f211 L 295 § 321 [ 345 | 3701 3H
118 100 1175 j151 § 176 | 201 {225 o651 | 276 | 301 1 326 1351 1 376 | 401
120 102 1128 j1ss | 179 | 2041230 265 | 781 1306 | 332 1357 1 383 408
122 104 130 jise | 182 207} 233 o069 1 oss [ 311 1337 [ 363 | 335 415
124 105 {132 (158 | 1851 211 ;837 254 P 290 (316 1343 1 365 | 395 1 42
126 107 134 [161 | 187 214 241 1268 1295 | 321 | 348 | 375 1 402 48
128 109 (1% 163 | 190} 218 {245 72 | 299 | 326 1 354 {331 | X8 435
L 1
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Berat Dari Shell Dan Head
(Paul Buthod, Pressure Vessel Handbook, Seventh Edition Publishing INC. P.0 Box
35365, Tulsa, OK 74153)

wALL THICKNESS

. 11167 J
| piam. Si8 ! J

VESSEL} SHELL HEAD SHELL \ HEAD

15, | os. [rLup{Fap.jnemis] 1s. ] 0S5 \ELLI?\F.&D.\HEMﬂ
o se| 6| s8] 40| ssi 93} 83 64\ u‘ 61‘

i4 97 89 70 50 13 108 443 19 55 81
16 | 1134 103 87 61 95 22 12 93 671 105
18 1241 116} 10} 74 119 131{ 127 113 £31 132
ag | 137 129y 1%l g6 ) i46 1 1521 142 133 971 182
22 1511 143§ 1381 101 176y 1661 156 1 154 113 194
a4 | 1641 136 161 121 o8 | 18t} 17 177 133| 230
26 177 1691 130} 138 243 | 196 186 198 151 269
ag | 191 ] 183} 201 156 | 281 Aty 201 ) 1M o3
30 sp4 b o196 ) 2284 175 321 ] 25| 15 a5y 1951 355

33 | ns} 230} 257 204 365 | 240 230 283 231 ] 403

34 3 233 288} 113 411 2551 245 117 245 454
36 | 244 136§ 326 245 460 e | 259 3531 270 508
38 agg 1 250 1 353 375 1 st} 284§ 274 3901 3021 565

4o ) 271 283 ] 391 300 | 566 | 299 289 430 3301 625

42 agd § 16| 428 327} 623 ] 3131 303 471} 3801 688
481 324 316 g2l 4211 B} 357 347 607 458} 293
54 3641 356 ) 691 g6 | 1024 | 401 § 391 2601 51911129

60 | 404 | 3961 246 643 1361 | 445 | 438 | 931 707 | 1390
66 444 | 436 11017 T2 1523 | 489 | 479 1118] 8491 1677
92 | ag4 | 476 j1203 1 912 1810 | s33 | 523 | 131 1003 1 1994
78 s34 | $16 | 1405|1065 | 212} 577 | s67 | 15451 11T 2331
B4 | se4l 55611622 1229 | 2458 | 621 | 61} 1784 | 1352] 2707
90 604 | 596 | 1855|1405 | 2318 665 | 655 | T041 15451 3104
g5 | 644 | 6362104 11592 3304 | 710 | 700 | 2315 1751 | 3529

102 685 | 67712368 |1791 | 3614 754 | 744 | 260511970 3980
1og | 725 | 717 {2648 2003 4049 § 798 | 783 2313 | 2203 | 4459
114 265 | 757 | 7944 2225 {4509 | 842 831 | 3239 | 2443 | 4965
120 | oS | 797 33213 1460 | 4993 | 886 | 376 1535 | 2706 | 5498
126 s4s | 837 | 3578 }2706 § 5502 930 | 920 | 3910 2977 | 6058

132 | 885 | ®77 | 3580 1665 | 6036 | 974 | 964 431713261 | 6646
138 935 | 517 [ 432513234 | 6595 | 1018 1008 | 4703 {3557 7261
144 | 965§ 957 4720 §3516 | 7178 {1062 1052 | 5185 3868 | 7502

| eer—sarye?

. - e . Ty

IR PR oo B X SN S [ g
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CADIAH MADA-

(Paul Buthod, Pressure Vessel Handbook,

Berat Dari Shell Dan Head

Seventh Edition. Publishing INC. P.O Box
35365, Tulsa, OK 74153)

WALL THICKNESS
DIAM. 314 13067
VESSELY  suELL HEAD SHELL HEAD
1s. | os. lerurlran juemist 1. | 0. [ELLIP|F&D.JHEMIS
12 | 102| 90| 70 «g8} e7) 13}y 91| w6} 53} 3
14 18} 106t 88l eoi 9ol 18] 14} 951 67} 98
16 1 134 1221 104l 24l 116l 1as 132} 13 82f 126
18 1501 138] 126} 9al- 1451 163} 149) 136] oo} 158
~o 1 166l 1s4] 1asi 108} 177! 180l 166} 157 117 193
n 122t 170l 17t) 12} a3 b 1es| imaf iasl 137 2
~a | 198} 1se| 193] t14s} 2sa| st 201] 209 160§ 275
2% sta ] 202l 216l 1ss] 298| 2330 el 234 182} 3
sg |20l as] 2«1 187] 340 250l 236) 261} 412] 370
30 2a6] 3341 274] el 3me] 2s7] 253] 304 234] 42
33 | 2631 a0l 309] 1] 442 2ssl am| 335) 261) 480
34 a7e | 6 34s| 267 497 302] 288} 78] 289 sS4t
36 | 294 282 393 94| 386 319 308] 425 313| 605
38 3101 298| 438 330l etz 337 323] 4v0f 357] em
a0 1 33| 314 469 3s1) ssal 3s4] 340] sos) 391 743
a1 3a2 ] 330! s14] 393} s3] 371 357 67| 425) #18
- ag b oagol 37131 es2l sosl 99| «23) 409) 729} s47) 1063
54 s axel syl &3] 134 415] 461} 91t] 633) 1340
60 | 436 | a7a|0is] 772 1520 s27] s13] tio7] 236} 1650
66 s34t sasl 1ol sae] tsas ) syl seg] 1337 1003 teon
72 | sga| s70) 1443} 109s] 2179 | 631| 617} 1564] 1186) 2365
78 e30| e1s! 16851 1277 25841 sr3| e69| 1835] 13841 27T
84 | 67181 6661 1947) 1475 ] 2958 | 735} 721 2120] 1597} 3209,
90 136 | 7141 2226 ] 1688 | 33911 7sxj 774) 24337 1828} 3679
96 1 775 ] s3] 2528] 1911 3855 | s40] 26| 2757| 2070 4131
102 s3] st} 2sea] 2tsoq 4345 | z92| 878| 3103 2329 4716
108 | 8711 2s9) 3178| 2403 48701 9as| 930 3457 2603, s232
114 o19] <o7] 35331 26711 s423] ovel| 9zl 3354 22931 ssat
120 | 9671 9ss| 3mse| 29521 6004 | 1045 | 1034 4204 3198 esi1
1% 1015 | 1003 | 4243 3248 666 | 1100 1086 4614} 3518} 7174
132 {1063 | 1051 ] 4655 | 35581 72871 1152|1138 S039| 3354} 7865
138 butit | tove| sos2| sssil 7928 12041 1190} 55221 4208] 359
caa | 11se ] 1147] s6saf 4219 s628] 1256} 1242 ] 6067 4571 9336

e i MMoardn
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Appendixes 221

APPENDIX C
JOINT EFFICIENGIES (ASME CODE) [3]

For S.E. or
® ® ® £ g D heads

® = |
. ﬂ — ® T.Jaint {Typ)

.’

t/“ flange

@'—/ . 1
e -i WL flange

Miter

| AR
[
SOV — |
—

—>

B o = 30°
@® Q1o > 30°
Hemi-head
ont
o y / T S.0. fiange
See Note 3 F!ax head

S.0. flange

Category C Joinis
Category D—buit

egory B—butt weld,
joint

W.IN. flange
Category D—corner
l i g H J j or groove joint
Butt Fillet Groove
Figure C-1. Categodies of welded joints i @ pressure vessel.
Table C-1
Values of Joint Efficiency, E, and Allowable Stress, S
Case 1 Case 2 Case 3 Case 4
Extent
of Seamless Seamless Seamless Welded Welded - Seamiess Welded Welded
adiography Head Shell Head Shell Head Shell Head Shell
E S E S E S E s E S E S E S E S
ull (RT-1} 1.0 100% 1.6 100% 1.0 100% 1.0 100% 1.0 100% 1.0 100% 1.0 100% 1.0 100%
pot (RT-3) 1.0 85% 1.0 85% 1.0 850, .85 100% .85 100% 1.0 85% 85 100% .85  100%
ombination” 1.0 100% 1.0 100% 1.0 100% 85 100% 1.0 100% 1.0 100% 1.0 100% .85 100%
lene 1.0 80% 1.0 83% 1.0 80% 7 100% 7 100% 1.0 80% 7 100% 7 100%

v mm Rt ™



Pressure Vessel Deslg

e
Joint Efficlencles

X-Ray
Types of Joints Full Spot None

Single and
double butt 1.0 .85 7
joints
Single butt
Q joint with back- s 8 65
ing strip

Single butl

m joint without backing

strip
Double full

fitlet lap ~ -~ 55
joint

Single {ull
fillet lap -~ ~ 5
with plugs

!
!
@

fillet lap - - A5
joint

% Singte full

Notes

able C-1 joint cfficiencies and allowable stresses
hells are for longitudinal scams only! All joints

Perancangan Bejana Urea Hydrolyzer Di PT Pupuk Iskandar Muda
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are assumed as Type 1 only! Where combination ra-
diography is shown it is assumed that all require-
ments for full radiography have been met {or head,
and shell 1s spot R.T.

. Combination radiegraphy: Applies to vessels not fully ra-

diographed where the designer wishes to apply a
joint efficiency of 1.0 per ASME Code, Table UW-
12, for only a specific part of a vessel. Specifically for
any part to meet this requirement, you must perform
the following:

& (ASME Code, Section UW-11(5)): Fully X-ray any
Cet. A or D butt veelds

© (ASME Code, Section UW-11(5)(b)): Spot X-ray any
Category B or C futt welds attaching the part

& (ASME Code, Section UW-11(5)(a)): All butt joints
rust be Type 1

. Any Category B or C butt weld in & nozzle or com-

municating chamber of a vessel or vessel part which '
is 1o have a joint efficiency of 1.0 and exceeds either
10 in. nominal pipe size or 1Y in. in wall thickness
shall be fully radiographed. Sce ASME Code, Sce-
tons UW-1E(a)(4).

APPENDIX D

PROPERTIES OF HEADS

Figure D-1. Dimensions of heads.
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When describing various vessel components and parts on drawings and in bill of
materials, it is advisable that a standard method be followed. For this purpose
it is recommended the use of the widely accepted abbreviations in the scquences
exemplified below. For ordering material the requirements of manufacturers
shouid be obsecrved,

MATERIAL
P
ART DESCRIPTION SPECIFICATION
/ Bar2x1/4x3'-6
BAR Bar 3/4¢ x2°-0 SA-7
é Bar i x3°'-0
34 §x 2-1/2 H. HA. M. B. w/ (1) sq. nut| SA-193 B7 bolt
= | soLT 1 ¢ x 5-1/2 stud w/ (2) h. nuts SA-194 2H nut
Oy | CAP 8" Std. Cap
1" — 6000 # Cplg.
@ Screwed 2" — 3000 # Cplg.
COUPLING |  17-6000% Half Cplg. SA-105

17.6000% 4-1/2 Lg. Cplg.

6"-5td. 909 L. R, Ell.
4"-.X Stg. 450 8. R ElL SA-234 WPB
6" x 4" Std. L. R. Red. Eli

Welding
ELBOW

/

4” - 300# RF. So. Flg. ,
6”-150# RF. Wn.Flg. Std. Bore
O.) | FLANGE 6"-600% RTJ. Wn. Flg. XStg. Bore | SA-1811
3". 150 FF. So. Fig.
8- 150% R.F. Bld. Flg.

Q 1" - 6000+ 900 Scr'd. ELL,
Screwed 1"« 3000 = 900 Scr'd. Sureet EH.
B | Weidin 27-3000% SW. Cplg 5A-105
FORG:‘%D 1" - 3000 Sq. Hd. Plug
D FITTING 2 - 6000 * Ser'd, Tee
27.-3000 %450 S. W, EHl,
18- 150 ¥ 1/16" Serv. Sht. Gasket
@ GASKEY 18 - 300 # Spiral Wound ASB. Filied | ASE-
48 ';]PsxFO.STS min. 2:1 ellip. head SA-285 .
e HEAD 48;{0%::2%51‘:00::11;%1\52!?? &D SAS15-70
Cad e ot SA-516-70

54" ID x 0.375” min. Hemis. Head
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GADJAH MADA Conforms to the requirements of
STANDARD ANSI A14.3-1974 SAFETY REQUIREMENTS FOR FIXED LADDERS.

LY ratroRM

20 e, max. i - OUTSIOE OF 13 in min.
. SHELL OR T, i,
INSULATION
SIDE STEP THROUGH STEP
gmmn Fofungund

£i
2
o | I
i .
3 FLOOR MATE 2 : g
CA«E\ _—
[~ —L
par—_] d .-—-~|
113z W16 tu] S
SUPFORT LUG) .
/t 1 |-l
BAND -F:FE—' = _—
2« VaBAR & ——ans]
! Jd 3 S
. gl s
H 2 5 —
Z 7| E ]
A L, 1 & 1
= i i
1 1 SI0€ RAIL =]
3 < OUTSIDE OF E inote 5} _—
é" L§ E-«: SﬂELLAoT?ON! : .
& <51 IKSUL : 1 ]
.t el / |l 18 | ]
i L% E AUNG |
= Py V4 ésari—1
~ T ; ]
PN R ST G
Tim, min, 2-'-“-
NOTES )
1. Cage is not required where the length of climb is 20 feet or less above ground
fevel.

2. Horizontally offset landing platform shall be provided at least every 30 ft. of
climbing length. Where safety devices are used, rest platforms shall be provided
at maximum interwalis of 250 feet.

3. All material: steel conforming to ASTM A 36 .

4. Instead of the above specified structural shapes any other structural steel of
equivalent strength may be used. To avoid damages during shipping or galvaniz-
ing, structural angles are widely used for side rail and vertical members of the
cage.

5. The recommended minimum size of side rails under notmal atmospheric condi-
tion 2 1/2 x 3/8 in, flat bar, although 2 x | /4 barsare frequently used in practice,

6. All butrs and sharp edges shall be removed,

7. Protective Coating: one shop coat primer and one field coat of paint or hot dip
galvanizing.
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. Pressure vessels built in accordance with the requirements of the Code may be stamped
with the official symbol “U™ to denote The American Society of Mechanical
Engineers’ standard.

Pressure vessels stamped with the Code-symbol shall be marked with the following:
1. manufacturer’s name; preceded by the words *‘certified by"
maximum allowable working pressure (MAWP), psi at the design temperature, F
manufacturer’s serial number;
year built
2. the appropriate abbrev:auons indicating the type of construction, service, etc.
as tabulated:

When inspected by a user’s inspector USER
Arc or gas welded w
Seamless S
Lethal service L
Unfired steam boiler UB
Direct firing . DF
Fully radiographed ’ RT 1

With the exception of partially radiographed girth seams,
flange joints, fully radiographed. [See Code UG-116 (D{2)} RT 2

Spot radiographed RT 3
When RTI, RT2 or RT3 are not applicable RT 4
Post weld heat treated HT
Part of the vessel post weld heat treated PHT
Impact tested IT
Pressure vessels for human occupancy PVHO

1. Symbol “UM™ shall be used when the vessel is exempted from inspection {Code U-§ 1k}

1. Add “‘minimum altowable temperature™ and jaitials IT when the vessel designed (o opetate a3 temperaiures below -20°F and
impact test is eequired.
When no impact test i petformed, the vesscl shall be marked for the maximum aliowable working pressure for coincident
remperatuces of -20°F and above 2nd ia additian for the operating pressure 3t the lowest ceincident temperature belaw -207F.
Such markings to be {ollowed by iertering UCS-46 or UHA-S1.

CERTIFIED BY NAME PLATE
EXAMPLE
OMEGA TANK CO.
{The vessel was inspected by user's
SERIAL NO: 35365 inspector, ar¢ welded, used in lethal

service, fully radiographed and
post weld heat treated.)

Additional data shall be below the
Code required marking.

The name plate shall be affixed directly to the shell. If additional name plate is used
on skirts, supports, etc., it shall be marked: *Duplicate™.

Lettering size shall be not less than 4732 in. high. The Code-symbol and serial number
shall be stamped, the other data may be stamped, etched, cast of impressed.

Commonly used material for name plate 0. 32 in. stainless steel or 1/8 in. carbon steel.

The name plate shall be seal welded to uninsulated vessel or mounted on bracket if the

vessel is insulated, and located in some conspicuous place; near manways, liquid level
control, level gage, about 5 ft above ground etc.

USER MAWP: 250 psiat 300 F

W-L RT1 BUILT: 1981
HT
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GADJAH MADA Conforms to the requirements of
OCCUPATIONAL SAFETY AND HEALTH (OSHA) STANDARDS

A1t 6w mon.

-l
D0 en, men,
HANDRALL
T 3 7 ANGLE 2214
1
£ HANDRANL POST
i ANGLE 25238
|
I
Y IL“WDRML
" i BAR 22114
i
;o1
-l
o~ ARGLE 523s%
! Ve e ANGLE Jadatid
H rd
R
.L_.L__.“m —— et

ANGLE Jade¥/4

Platforms shall be fabricated in sections
if necessary suitable for shipping and

field erection.

Plat{orms fabricated in sections shall
be shop fitted, marked and knocked
down for shipping.

All field connections are o be bolted. T

Manufzcturer shall furnish 0% extra _[ / ‘é::::':zaa:; FLATE i

bolts of cach sizes for spare. . e = "—(
AL burrs and sharp edges shall be e owm==al f$
moved. /4 BENT PLATE 1

Paint: one shop coat primer, except
walking surfaces.

Max, spacing of supports 6 ft.

Max. spacing of handrail posts 6 ft.
Drill one 9/16 ¢ drain hole in checkered CHANNEL £28.7 =

plate for each 10 sq. ft. area of fioor.
Boits 1/2 ¢ ALTERNATIVE SUPPORTS

Bolt holes 5/16 ¢
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ADJAH MADA SKIRT OPENINGS

VR IN CONTINUGUS
FILLET weLD
INSIDE AND
OUTSIDE

VENT HOLES

In service of hydrocirbons or other
combustible liquids or gases the
skirts shall be provided with mini-
mum of two 2 inch vent holes lo-
cated as high as possible 180 degrees
PROJECTION apart. The wvent holes shall clear
head insulation. For sleeve may be
used coupling or pipe.

ACCESS OPENINGS

PPE
OPERING

The shape of access openings \may
be circular or any other ‘shapes.
Circular access openings are used
—_— i most frequently with pipe or bent
L sernr plate sleeves. The projection of
A dleeve equals to the thickness of
fireproofing or minimum 2 inches.
-T The projection of sleeves shall be
increased when necessary for rein-
forcing the skirt under certain load-
ing conditions.

Diameter (D) = 16 - 24 inches

PIPE OPENINGS

The shape of pipe openings are cir-
cular with a diameter of [ inch lar-
ger than the diameter of flange.
Sleeves should be provided as for
access openings.

TYPES OF SKIRT ACCESSES
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Li_-:_uf
, T
. L 0.0, | {-NPT1/8 TELL-TALE HOLE
I ;] ¥ v
:
[:’.-___(__- _ — ] J_____,l____ff_-_; =
NOZZLE SIZE| REINFORCING PAD
ON NPS QUTSIDE DIA. (mmi
50 2 150
65 {21/2 180
80 3 180
100 4 210 .
{50 5 . 300
200 8 400
250 | 10 510
300 | 12 510
350 | 14 680
400 | 18 " 780
450 | 18 870
500 | 20 370
500 | 24 1150
i
"

REMARKS:
ALL DIMENSIONS ARE IN.HH.
*Tg ' HEANS THICKNESS OF SHELL OR HEAD PLATE.

UNLESS OTHERWISE SPECIFIED ON ENG'G D¥G. THICKNESS "Tr " OF
REINFORCING PAD SHALL BE THE SAME AS SHELL TH

IN CASE OF NOZZLE SIZE EXCEEDS 600, THICKNESS “Tr® AND "0.0°
OF REINFORCING PAD SHALL BE DESIGNED PER EACH

IN CASE OF RAINFORCING PAD SHALL BE INTERFERED WiTH OTHER WELDING

.
2.

SEAMS OR EXTERNAL PARTS, ETC.., REINFORCING PAD ‘St

AND MAY BE DECREASED O.D.

[CKNESS "Ts '
NOZZLE BY VYENDOR.

IALL BE THICKENED,

A 0oomuIcrT s
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