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Project Title : Simulate the Safety of Copper Tubing in the Pipeline System

Of Medical at the Red Cross Station | 1.

By : Nattawat Bunthanapeeral
Advisor : Dr. Chanchal Wiraonritichai
Degree + Bachelor ol Engineering
Major ¢ Mechanical Engincering
Faculty ¢ Enginecring

Semester [ Academic Year : 3/2016
Abstract

Hospitals are required to have medieal gas in the hospital_area all the times, and
functioning to treat patients. The medical device such as respirators, must available constantly and
continuously. The necessity of such medical systems are always in use and most provide safe
systems,

During the work of co-operative education, the author was assigned 1o control the
mstallation of medical gas systems. as well as building more. There are many problems in medical
gas pipeline safety and decided to use a simulation in 3D to determine the safety factors in three
types of copper pipes; Type K, Type L and Type M and three products A, B and C. There is a theory
on the factors of safety. and the simulation results of using the program showed; 1) Copper pipes,
brand B made the factors of safety the most, 86.443: 2) Type M lowcest cost of installation price al
44,480 Baht or 58 percent of the copper tubing; 3) Type L and 37 percent of the copper tubing of
Type K.

The author saw the understanding of problems and used simulation solutions which was
based on engincering principles and the praperties of each type of pipe and reduce the cost of

installation,

Keywords: Sunulation, Factors of Safety, Medical Gas Systems
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NoNoAd Type M

Nominal Dimensions, inches Caleulated Values (based on nominal dimensions)
Nominal or Cross Weight Weight of Contents of Tube
Standard QOutside Inside Wall Sectional ' of Tube Only, ' Tube & Water, per linear ft

Size, inches  Diameter Diameter Thickness  Areaof Bore, |  pounds pounds
sqinches  perlingarft | perlinear ft Cu ft Gal

450 025 159 145

5 | 569 028 254 204 - 00 0%
il 032 517 328 551 00359 | 0269
1055 | .03 874 465 843 00607 |__.0454
1291 042 131 682 1.25 00910 | 0681
1,527 049 183 940 173 0127 0951
2009 058 | 317 | 146 | 283 | 0220 [ 165
2495 065 489 | 203 | 414 | 0340 254

2981 072 6.98 268 570 | 0485 | 363 |
3459 083 9.40 3,58 7.64 0653 488
3.935 095 | 122 4.66 9.83 0847 634

Ta907 |09 | 189 6.66 148 131 %
5881 122 272 8.92 207 189 141
7.785 170 47.6 165 | 371 | 331 247
9701 | 212 | 739 | 256 | Si5 513 384
11617 254 106 367 825 736 551

31 3.5 namaveyanmumaiinuoanonoaund Type M

A1519% 3.1 9I1MNON0IUAY Type M

Size (inch) Wall Thickness (inch) 5101 (UN)
3/8 0.025 570
1/2 0.028 830
3/4 0.032 1,315
1 0.035 2,050
1-1/4 0.042 3,485
1-1/2 0.049 4,800
2 0.058 7,485
2-1/2 0.065 10,920
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NoNVIULAL Type L

Nominal Dimensions, inches Calculated Values (based on nominal dimensions)
Nominal-or Cross Weight Weight of Contents of Tube
Standard Qutside Inside Wall Sectional of Tube Only, Tube & Water, per linear ft
Size, inches Diameter Diameter Thickness  Area of Bore, pounds pounds
sq inches per linear ft  per linear ft Cuft
S 8
484 .
825 655 1.01 00573 | .0429 |
~1.26 .884 B[S .00875 0655 |
1.78 1.14 1.91 0124 .0925
309 [ 175 309 | .0215 __.161
T a7 | 248 | as4 | 0331 | 248
‘‘‘‘‘ 6.81 ! 333 6.27 | .0473 | .
9.21 4.29 8.27 0640 478
12.0 5.38 106 | .0833 623
87 | 761 | 157 [ %0 | 971
26.8 10.2 21.8 .186 1.39
0 | 469 19.3 39.6 326 | 2.44
A JR08 30.1 61.6 506 3.78
105 40.4 85.8 729 5.45

A15199 3.2 51 1N0N0WLAL Type L

Size (inch) Wall Thickness (inch) 3101 (UN)
1/4 0.030 630
3/8 0.035 1,000
172 0.040 1,435
5/8 0.042 1,770
3/4 0.045 2,315

1 0.050 3,200
1-1/4 0.055 4,515
1-1/2 0.060 5,770

2 0.070 8,630
2-1/2 0.080 13,080

3 0.090 17,160
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NoNoLAd Type K

Nominal Dimensions, Inches Calculated Values (based on nominal dimensions)
Nominal or Cross Weight Weight of Contents of Tube
Standard Outside Inside Wall Sectional of Tube Only, Tube & Water, per linear ft

Size, inches Diameter Diameter Thickness  Area of Bore, pounds pounds
sq inches per linear ft  per linear ft Cuft Gal

A1519% 3.3 51 NONDULAT Type K

Size (inch) Wall Thickness (inch) 5171 (UN)
1/4 0.035 950
3/8 0.049 1,750
172 0.049 2,250
5/8 0.049 2,700
3/4 0.065 4,150

1 0.065 5,450
1-1/4 0.065 6,700
1-1/2 0.072 8,800

2 0.083 13,900
2-1/2 0.095 19,700

3 0.109 27,000
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3.7.42 NONOIAI Type M

- Diameter 2 "

31/913.8 NoNvIAL Type M

3.7.4.3 NONBIUAL Type L

- Diameter 2 "

007

3113.9 Nonoaad Type L



3.4.7.4 NON0UAS Type K

- Diameter 2 "

31U73.10 NeNBIUAL Type K
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2. 19303151
3. ndoaneg)

4. 10309018100 AI

Software
1. T1)51n53 Microsoft Word

2. T1l511n51 Microsoft Excel



UNN 4

wamsdfiaanumulasams

419 nRamsdasalaemsly 1ilsunsu lagldanuaun 150 PSI

41.1TypeM (8%0B) 12"

7409+ 002

6.739e+002
63602002
. S.888e~002
| Szses002
G.258e+ 002
40002002

L 45172+ 002

4,672+ 002
. 3I7Tes002
. 5.40Te+D02

3.03Te+ 002

2,666+ 002

51 4.1 wamsiraeslaslFlsunsuvesio Type M (@oB) 1/2"

MnHamsiiaes Iaems 1 lasunsy wunusnuminenannuidemeniniga ua

H H 9
lugainanuder s InNigaty UaA1 Safety of Factor = 266.64

412TypeM (8%0B) 2"

70474002
6,678e+002
6,310¢+002

L 5.942¢+002
| 5.574e+002

S.206e+002
4830002
L 4.469¢+002

- 4101e+002
. 3.733es002
. 3.385e+002

2,937e+002

2.629¢+002

31U 4.2 wamssaeslasldlalsunsuveene Type M (BoB) 2"

v
=3 1

Mnwamssiand laens 14 Tsunsy nunusnaumisnemnannudenisuniga ua

H H 9
lugainanNu@eIsINNgaty UA1 Safety of Factor = 262.86
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413Typel (8o B) 1/2"

7472e+002
706084002
66412002
523424002
S.822e4002
5.408e+002
4.897e+002

| 456484002
‘. 4177e-002
. 3.759e+002
L 3347er002

I 2,83e+002
252204002

51 4.3 wamsiraesTaeldTisunsuvesne Type L @¥0B) 1/2"

nnwamisiand laemslg Isunsu nunusnamisienannudenieuniga ua

H H Y
luganinanNud@erieInNgaty 1A Safety of Factor = 252.18

414Typel (%0 B) 2"

2

7.128e+002
6.74Be+002
53662+ 002
5.288e+002
L 5.607e+002
5.2272+002
4,847+ 002
~ A466e+002
80862002
- 305002

3,325e+002

I 2.945=+002
2.56de-002
317 4.4 wamssraesTaeldllsunsuveene Type L @¥oB) 2"

MNRANITI009 Iaens 1% 11Usunsy nunuinamimvemaanudeniouniga ua

v ' 9
TuganinanMuIEsIeMINAFATIY LA Safety of Factor = 256.43



415TypeK (8o B) 1/2"

7.327e+002
6.914e+002
6.,501e+002
6.088e+002
5.676e+002
5.263e+002
4.850e+002
4.437e+002
4.025e+002
3.612e+002
3.199e+002

2.786e+002

2.374e+002

51U 4.5 vamssiaeslagldlilsunsuvesiie Type K (8¥oB) 1/2"

2NHaNI91a049 1agn13 19 115005 WUNUTHURTINBINAANNIF I8N

H H 9
lugainanNu@ereNINNgAtY 1A Safety of Factor = 237.38

41.6TypeK (@%0B) 2"

7 )
(=}
b=

v Py —

T.231e+002
663724002
£ 44224002
604024002
ShSée+002
52594002
4.88524002

4471e+002

- 4076e+002
. 3682e4002

32904002
263324002

249904002

317 4.6 wamssiaeslagld Ti)sunsuveane Type K B¥oB) 2"

MnHamMIsasd laens s 1dsunsy nuNnusnamianonan U e¥1eNIn

H 1 9
lugainanNu@e s INNgaty UA1 Safety of Factor = 249.89

38

nga ua

nga ua
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4.2 nwamsdiaedlaelidsunsuilia Safe working pressure

421 TypeM (@0 A) 172"

L403e+002

FOS
L3z024002
1.2572+002
. L18de+002
S Lidie+002
L03324002
3.64Te+001
 B.16e+001

- B.A85=+001
- TAs5e+00L

572424001

5.993e+001

5.262e+001

51/ 4.7 wamssraesTaeldlsunsuvesne Type M@R0A) 1/2"

nnranmsiaes Iaens 14 lusunsy wunusnumienannudemeniniga ua

H 4 9
lugainanuder s InNigaty A1 Safety of Factor = 52.624

422TypeM (@Y0B) 12"

FOS
Laz92+002
L3642+002
L2ze<002
- L2142+002
- 1139e+002
. L0G4e+002
3.094=+001
. Slddes001
- B.385es001

- F.8d62+001

. 58962001

l 5 14T2+001
5.397e-+001

511 4.8 wamstaeslaeldlalsunsuvesno Type M@WOB) 1/2"

MNRANMITI009 Iaens 1% 11Usunsy nunuinamimemaanudenouniga ua

v ' 9
TuganinanNuIde i IeNINNFATIY LA Safety of Factor = 53.973
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423 TypeM (@0 C) 12"

FOS
1.255e+002

1.189e+002
1.124e+002
. 1.058e+002

_ 9.932e+001
9.278e+001
§.625e+001

. T.972e+001

- T.319e+001

- 6.665e+001

6.012e+001

l 5.359e+001
4,705e+001
511 4.9 wamstaeslasldlalsunsuvesne Type M@WROC) 1/2"

Mnnamssiand laens 14 Isunsu nunusnamisnemnannudenieuniga ua

H ' 9
lugainanudersInNigaty A1 Safety of Factor = 47.052

424TypeL (@0 A) 12"

1.014e+002

9.583e+001
9.023e+001
. 8.463e+001

. 7.903e+001
7.343e+001
£.783e+001

. 6.223e+001

- 5.663e+001

- 5.103e+001

4.543e+001

I 3.983e+001
3.423e+001
31U 4.10 wamssraeTaeldTisunsuve o Type L@WOA) 1/2"

v
=3 1

Mnwamssiand laens 14 Tsunsy nunusnaumisnemannudenisuniga ua

v ' 9
TuganinaanudeIeNINNgALY U Safety of Factor = 34.232



42.5TypeL (80 B) 1/2"

FOS

1.036e+002

9.787e+001
9.215e+001
_ 8.643e+001

§.071e+001

7.499e+001
6,927e+001
| 6.355e+001
- 5.784e+001

_ G.21Ze+001

~ 4.640e+001

l 4.068e+001
3.496e+001

5UN 4.11 wamsiaeslaeldlisunsnveane Type L(@W0OB) 1/2"

41

MnHansiiaed Iaens 14 1usunsy wunusnamisnenannuidemeniniga ua

H 4 9
lugainanNnudersuInNigaty UA1 Safety of Factor = 34.96

42.6TypeL (@0 C) 12"

FOS.

9.024e+001

8.526e+001
8.028e+001
. 7.530e+001

_ 7.031e+001
~_ 6.533e+001
6.035e+001

. 5.537e+001

- 5.038e+001

- 4.540e+001

_ 4.042e+001
3.544e+001

3.046e+001

11 4.12 wamssraeaTaelFTisunsuueane Type LEWOC) 1/2"

MnHaMIsasd laens s 1dsunsy nunusnamianonanNuTe¥1eNIn

H 1 9
lugainanNu@eIsINNgaty UA1 Safety of Factor = 30.456

nga ua



427 TypeK (@0 A) 172"

FOS

J.893e+001
7.543e+001
7.09zZe+001

. G.64Ze+001
- 6.152e+001
5.741e+001

5.291e+001

- 4301e4001
- 4391e+001
- 3.940er001
- ZAM0es 001

l 3.040e+ 001
25004001

31U 4.13 wamsaesIaeldl1sunsuvee Type K(@H0A) 1/2"

42

Mnnamitiand laensld Isunsu nunusnaumisiemnannudenieuniga ua

H ' 9
luganinanNud@erieInNigaty A1 Safety of Factor = 25.895

428 TypeK (80 B) 1/2"

FOS

8.220e~001

7.357e+001
7.294e+001
. 6.831er 001

. £360er001
L 5905e4001
5.442e<001

" . 4.97Be+00L
- 4.51l5e+001

- 4.052e~001

3563001

l 3.126e~001
2.663er001

5U7 4.14 wamssraes InelFl1sunsnveane Type K(@WoB) 1/2"

MNRANMITI009 Iaens 1% 11Usunsy nunusnamimvemaanudenouniga ua

v ' 9
TuganinaanuId@erieuINNgALY LA Safety of Factor = 26.631



429 TypeK (@0 C) 12"

#.164e-001
5.T61e+ 001
6.357e~+001
. 5.954¢+001
5.550=-001
5.146e+001
47432001
B 43394001
- 3.936e-002
- 3.532e+001
i 3.123e-001
2,725e+001
2.321e-001

31U 4.15 wamstaesTaeldl1sunsuveso Type K(@W0A) 1/2"

43

nnramstiaes Iaems s lasunsy wunusnaminenannudemeniniga ua

H H v
lugainannudesuInNgaty 1A Safety of Factor = 23.211

42.10 TypeM (@%0 A) 2"

2.3492+002
2226er 002
2.103=+002
198124002
L L850er002
1735002

L613er002

L L4S02+002
- L3eTe+002
- L294e+002

L L122e+002

l 9.939¢+001
876200001

317 4.15 wamssraesTaeldTisunsuveeno Type M(BH0DA) 2"

MnHaMIsasd lasns s 1dsunsy nuNusnamianonanNUTe¥IeNIN

H 1 9
lugainanNu@eIsInNigaty 4A1 Safety of Factor = 87.617

nga ua
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42.11 TypeM (8%0 B) 2"

2.3492-002
22260002
2.103=+002
| L9g1ae002
| Leseeennz
1.735=-002
Li13er 002
L4300

- L3gTe+0D2
- Lag4es002

L122e+002

l 9.989e+001
87620007

31U 4.17 wamstraesIaeldl1sunsnvesne Type M(B¥ioB) 2"

nnHamsiiaes Iaens 1 lsunsy wunusnuminenannudemeniniga ua

H H 9
lugainanudersInNgaty UA1 Safety of Factor = 86.443

42.12 TypeM (@10 C) 2"

2.056e+002
1.943e+002
1.842e+002
1.734e+002
1.627e+002
1.519e+002
1.412e+002

1.304e+002

i

- 1197e+002
- 1.089e+002

9.820e+001

. 8.745e+001
7.671e+001

319 4.18 mamssraeaTaeld Ti)sunsuvene Type M@WOC) 2"

Mnwamssiand laens 14 Tsunsy nunusnaumisnemnannudenisuniga ua

H 1 9
luganinanNu@ereInNgaty 1A Safety of Factor = 76.708



4213 TypeL (@0 A) 2"

12
FOS

7.128=+002
67482002
S.366e+002
5.9882+002
5.6072+002
5.2272+-002
45472+ 002
44660002
40862002
3705e+002
3,325e+002
2.945=+002

2.564=-002

519 4.19 mamssraes Tl Tisunsuvesne Type LEWRDA) 2"

45

nnranmsiaed Iaems 1 lasunsy wunusnaminenannuidemeniniga ua

H H Y
lugainanudersuInNgaiy A1 Safety of Factor = 69.303

4214 TypeL (@%0B) 2"

' -

207864002
L9c4e+002
LBage+002
1733e+002
L618e+002
L503e4002
1350e+002
1273e+002
L158e+002
104224002
9.272e+001
B.120=+001

696804001

511 4.20 wamssraeTaeldT1sunsuvesnio Type L@WOB) 2"

MnHamMIsand lasns s 1dsunsy nunusnamianonanNuTe1eNIn

H 1 9
lugainanNu@esInNgaty UA1 Safety of Factor = 69.683

v
=3 1

nga ua
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42.15TypeL (8%0C) 2"

Fos
174164002
16204002
15286 +002
1437002
134584002
125904002
116304007
L 10726002
. 9.305e4001
- B5.893er00]
700N
l 706764001
£.454e+ 001

3UN 421 wamstaeslasldlalsunsuveso Type L@WDC) 2

v
= 1

MNHAMI91a09 Iaems 14 1dsunsy nunusnumisiemnan e euIniga ua

H 4 3
lugaiinanNu@eIEINNgAUY UA1 Safety of Factor = 61.541

42.16 Type K (810A) 2"

FOS
T.231e+002
683724002
644224002
604024002
S a54e+002
52584002
486524002
L 4471e+002
- 407624002
. 368784002
3.280e+002
l 263324002

2.49%:4002

317 4.22 wamssraeslaeldlilsunsuvesio Type K(@H0A) 2"

MNRANMITI009 Iaens 1% 11Usunsy nunuinamimemaanudenouniga ua

v ' 9
TuganinaanuIdeIeuINNgaALY U Safety of Factor = 56.364



42.17 Type K (8%0B) 2"

1.530e+002
1541er002
1.453e+002

136564002

FOS
1.277e+002
11896+ 002
1.100e+002
k 1.012evr002

9.238e+00L
£.356e+ 001
TAT4e+00L
6.59%e+001

5 705er001

519 4.23 mamssraes Tl Tisunsuvenie Type K@ 0B) 2"

47

nnwamisiand laemsld Tsunsu nunusnamisnemannudenieuniga ua

H H Y
lugainanud@esuInNigaiy A1 Safety of Factor = 57.089

42.18 TypeK (@10C) 2"

FOS
1.450e+002

1371e+002
1292e-002
. 121301002

. 113424002
1055=+002
4756+ 001
1 395524001

- 8.174e-001
- 7333e-001
. (533e-001

5.802e+001

5.0112+001

517 4.24 wamstaeslaelFlilsunsuvese Type K(@WoC) 2"

MNRANMITIe0e9 Iaens ¥ 11Usunsy nunuinumimemaaNudenouniga ua

H 1 9
TugainanNu@eIsINNgaty UA1 Safety of Factor = 50.109

4.3 a3Hamssand lasldTlsunsy



4.3.1 M3199 4.1 wamssaealaele 1a51n3y N Pressure = 150 PSI

Diameter TYPE Product Safety Factor
2" K C 237.38
2" K A 237.38
2" K B 237.38
2" K C 249.89
2" K A 249.89
2" K B 249.89
2" L C 252.18
2" L A 252.18
2" L B 252.18

2" L C 256.43
24 L A 256.43
2" L B 256.43
12" M C 266.64
12" M A 266.64
2" M B 266.64
2" M C 262.86
2" M A 262.86
2" M B 262.86
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4.3.2 35199 4.2 wam3onaselaele 1151nTy A Safe Working Pressure

Diameter TYPE Product SWP (Psi) Safety Factor
2" K C 1534 23.211
2" K A 1375 25.895
12" K B 1337 26.631
2" K C 748 50.109
2" K A 665 56.364
2" K B 652 57.089
12" L C 1242 30.456
2" L A 1105 34.232
12" L B 1082 34.96
2" L C 625 61.541
2" L A 555 69.303
2" L B 545 69.683
12" M C 850 47.052
12" M A 760 52.624
2" M B 741 53.973
2" M C 514 76.708
2" M A 450 87.617
2" M B 448 86.443




4.4 UNUYNUAAIND

50

4.4.1 Lmugﬁ Safe Working Pressure

1800

1600

1400

1200

1000

800

600

400

200

Safe Working Pressure

TYPE K

W% A

M B

m a@dia C

TYPEL TYPEM

4.4.2 uwugﬁ Safety of Factor

Safety of Factor

60

50

40

W% A

30

20

10

TYPEK

Ha%a B

m @da C

TYPEL TYPEM
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v
4.5 aunulumsanns

AUNU
140000
120000
100000
80000 = Type M
m Type L
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