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Abstract — This research was performed to propose domestic standard for design and management of flexible hose by
analyzing chlorine leak caused by breakage of the hose in Ulsan, 2018. The leak had multiple causes but this paper
focuses on analyzing the cause of breakage of flexible hose, the direct cause. According to the analysis, flexible hose
that the company of the accident used for chlorine transfer was inappropriate in several aspects including material and
wall thickness. And even pressure test had been conducted below operating pressure. Upon investigation on five com-
panies that handle chlorine in Ulsan, four companies were using inappropriate flexible hose for chlorine transfer. Since
there is no domestic standard for the design of flexible hose for chlorine transfer at present, it is hard to examine its
design adequacy. Design standard of flexible hose used in chlorine transfer that is applicable domestically is proposed
based on this research. It will contribute to the reduction in risk of breakage of the hose if the proposed standard could be
applied in design and examination of flexible hose.
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Table 1. Specification of flexible hose that companies used for chlorine
transfer in Ulsan

Material

Case Do (mm) t (mm) - -
Inner pipe Braid
1 26 1.5 PTFE SuUS316
2 22 1.5 PTFE SUS304
3 25 1.5 PTFE SUS304
4 28.5 1.5 PTFE SUS304
5 Loading arm

2. AIOAR[EA

2-1. AN

-ARAL: 2018 52

- A ST A f1AE SFelsh= 3F17 (Unloading house)

- AP Gl (28780 TEAEO] BHE = BAKR)

- Process Description: 2 2]ol] A4 vj#-S 4 3 & A4
PelS o &ato] AFe] AAE AGAERE o)F(Fig. 1)

- AaEa 4 9.5 barg

- daste] 9Fe: 6~7.5 barg

- 8} 5~5.5 ton/hr

- AFa191Q1: Flexible hose Tt

- T2 oF 12 kg (A B EE bl 7h7] R A

2-2. LIt =l Flexible hose AIF

A4 0]4 F Flexible hose2] o] FhTE Alare] &34
Helo] Fdrt. A4S o]%E =t AFE-3}= Flexible hose?] U
Q1 FHE Fig. 20 YR 949] Hgletd & 7H4+= Al
o] ), &S 733ksl] 918 Braid, 9 542 555171
St Guard® T3 =] UTH8,9].
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Fig. 1. Overview of the accident.
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Fig. 2. Flexible hose for chlorine transfer.

Table 2. Specification of burst flexible hose

Teflon Inner Liner

'

Operating Pressure (MAWP) (2] (2))= Hl|32+2] Burst pressuree]] 2F

&%) A8sto] T4 = ATH10,11].
28k, it
=5 ()
0.4Sk, it

Pisawr = - DD @
A7 i) A Aulel 5 el st Slgich, 3 WAl gl
ko] AIHS d@Ee] Y8l e —‘f—ﬂﬂ(l 5 mm)2] Flexible hose2]
275 21.0 mmollA 28.5 mmE W7, F WA= A4 3 F 4

ol egk 78] Zha 3 9] o] S 217 8] kel whE
1l MAWPS] 785 Fig. 30l YERJIITE. Barlow’s
ato] Aitebd, 917d0] 21.0 mmelA] F71€] St

Burst pressure 3

equatlon—g ol-&

D 28.5 mm
Size L ’m glo] 28.5 mm= F7FA 7] Burst pressure 2! MAWPE 2F 26%
¢ 1.5 mm Zar7= AYE 71 t). A3 Flexible hose2] 712 W
. Inner pipe PTFE
Material .
Braid SUS304 LAP-JOINT 35
Design pressure 21 bar,g/F.V - Burst pressure
Design temperature -35°C/55°C 30 T - MAWP
Test pressure 7 bar,g T - -
25 + T
Table 3. Property of PTFE used in burst flexible hose 5 201 T
Tensile strength 240 bar,g S,
Relative density 2.15~2.2 o 15
Melting point 327+5°C
10 4
ARgEhE H) 2 AAe] I 4Rl 9.5 barg ©] 3L, Flexible S T —
hose®] A A1k 21 barg o]tk F4 3+ ol AHE-¥ Flexible
0 . : . . . .
hose2] F7(1.5 mm)i= ¢ ﬂ(28 5 mm)2] 2F 5% A = =Z Thin wallZ 20 » 24 % 28 30

& 4= QIt}. Thin wall®] 73
Barlow’s equation (2] (1))°.= 3%

H]:Lﬁ\_ A4 vl 2-2] Burst pressure=
FE 4= 9] 91, Maximum Allowable

Outside diameter (mm)
Fig. 3. Burst pressure and MAWP by outside diameter.
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Fig. 4. Flexible hose after deformation.

Table 4. Flexible hose before/after deformation

Before After
Do (mm) 28.5 28.5
t (mm) 1.5 1.0
Py (bar,g) 22.11 14.74
Pyrawp (bar,g) 442 2.95
- = = Burst Pressure
30 4 MAWP
Operation Pressure -
X Bursting Point P “
-
//
//
—_ 4 e
= 20 P
g -
o 7
-~
//
10 | - "
//
// .
// ......................
// ...................
0 L e . . | |
0.0 05 1.0 1.5 20
Wall Thickness, t (mm)
Fig. 5. Burst pressure by wall thickness of flexible hose.
3} glo] 217wk 571 73$- Flexible hose®] 71348 A3hA]Z1L},
At} @A SE & bt # Flexible hose ©HH 9] F715 573+
AvFig. 4), #HEo] LAYzl FA7F 1.5 mmeolA 1.0 mmZ T4
ssick. T} a8t Bl 91749 F7bh wgstaont, ®
ATelM= F71e] Mshet 128kt Barlow’s equations 418

3lo] Mgo] WAiEly] 32 Burst pressured} 2 thALE-
Ak Table 4 @ Fig. 59+ 2t}

2 )

#go] WAIS] el 24312 9.5 barg)] HriAHE2te (44
bar,g)2] 20 oo 2 LAtk W Fo= FHuAbgtE 3
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Fig. 7. Corroded flexible hose.

of &Jgt F-2of) Agheo] gl= A2 2] Braidg AHEStolok st &
3], PTFE 5 Fluoropolymers 952 dh= Hjtelr] &4 o|% &
AT QIsto] AYF FAR JAFEA O st B2 A7=0] 3
¥ AT 12-15].

A1 7} ¥R S Flexible hose 2] Braid:= SUS A2 2 Dry &
(T8 100ppm)©l = F24d0] QAR F-= HF
(Permeability)= ] 427} 7] 52 5719} vt A wke(2] 3)E 8t
Al ek wkg-S F3l A% HOCL, HClel| ©J38te] SUS A2 Braid
o] Halo] Ma=lc), AA) st F Flexible hose] 2% Braid AR
< Fig. 79l eI
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2002 8¥ 14& w]=F Missouriol| A = A A7) @A 313
TH17]. 4= 3+4 5 Flexible hose?t bk o “FEo] WAkt
Hart FEE Abae] €91 A e Ay, SUS AlE 2] Braid7l -
2w o] A 752 3HA] 313t} 71 A ¥ Flexible hose?] ko &
Qa7 FEH AT

T 7] 72 A1 FA%k ArtE 2955 Flexible hosed]
sk W 733l = 98-S 3he Braid7| A4l gt Al o2
&g 3HA] £35F3) 21, Flexible hose?] # A2 (MAWP)
o] Aol A o] £ 0 7 M3lo] ¥AEIATE Braid oAF U <k T
A2 g2 51 2 S g o R FEo] g2 F Ao FU18ka,
FAZE FAsdth 1 A7 Uistell 213l Flexible hose?] 3heto]
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A4 o]so]] AR5 E Flexible hose] 2 A4 o] T AL
JLZ oo Rt} A4 o]EE Flexible hosedll that =l 7]+ 2 4F
AL o ul= FAt}e] “The Chlorine Institute’ 2+ 5 <
‘Euro Chlor’elA] 934~ ©]%-& Flexible hoseol| thal]l #skar QiTt.

Euro Chlori= 94> 319 & Flexible hose®ll t3ll The Chlorine
Institute BT} A3 7155 AAJ ek, a2 55 o]&sto] o
A W 7 FAE 51998t wjolli= Articulated Arm, Flexible Hoses,
Flexible Steel Coils ©]-§-8 21 a1}, Flexible hoses AH&-
sk 74-¢- A4 F-214d (Wet Chlorine, Dry Chlorine)ys 1143t |
Ae sk w5 S ARgsloF ftkal Wit} PTRES A
48 79 HFJ (Permeability)S 125H] Stainless steel A2 2]
Braidi= AH8-31014= QF =™, Monel 400 Y=5= Hastelloy C4% A}
£33+ 714 22 Monel 40022 Braids 23 & & &%
GuardZ TAJslodof 3t} PTFEY] F5A (Permeability) .2 Q18
AL AR 9] FAZ A A A SeE A AlEst
ofof 3hH, o]2f gk A= 15101 Euro Chlor ©llX1% PTFE A4 €]
Flexible hoset= 7315 314 4=TH5,18].

The Chlorine Institute®] A= 34 )48 PTFE A4 2] Flexible
hosell t$t A7) AAISITH 19].

MAWP:

- 375 psig (nominal diameter > 1/2”)

- 500 psig (nominal diameter < 1/2”)

Burst Pressure: MAWPS] 5]

- 1875 psig (nominal diameter > 1/2”)

- 2500 psig (nominal diameter < 1/2”)

Braid

- 14 : PVDF %= Hastelloy C-276

- Guard: CPE, HDPE, PVDF

4. ¥A O|£Z2 Flexible hose A 7[= X[t

E I Z34 Euro Chlor, The Chlorine Institute®] AN
T2 =) 270l 2= Flexible hose] 7] 7158 A9k gt

4-1. GAlR=

AARET QAP A A8 AR E(-35°C)9} o5
Hof) &£ 7|52 2 31, Euro Chlor, The Chlorine Institute©l| 4] ]|
k= AAREE FEETH18,19].

- Min. temperature: - 40 °C

- Max. temperature: 50 °C

4-2. et

Euro Chlor l|4]:= PTFE®] tigt 2] o+e 7S AASHA o
oL}, AnkAQl A v A A Al 1SO 7005-22] 2 o w}hek
PN 25 for 20 bargS ¥4 MAWPE A A& 718 A|¢kslith18).
The Chlorine Institute®] A= PTFES] w3 ¢+¥ 7]5&& ASME
CodeZ #8310 Ag3laL §lom, A7l w2 AAYHS AAIs)
11 21t} Nominal diameter”} 1/2" ©]3}F2] Flexible hose:= A~%2)
AAE o] FatAY Aol AHE-EF= Tubeoll Uit 7] &0l H,

Nominal diameter”} 1/2" Z7}5H= 7-9-olli= AHHQ1 o]l digt
Flexible hose 7|55 ARSI 19].

Euro Cholr, The Chlorine Institute 2] 7] +8 7= =l
A-g3171e) oz go] it =l P oS 3] HIste] 7]

FAn) 2] EA o= Q| Il V=S AH HerFqinh E
TolXE Ba 225 E At A] A& Flexible hoseoll ™
3 A7 7|52 AAFH= 21 2.2, The Chlorine Institute2] 1/2" 7]
WF Tubeol] tht A AABEA] g=tt.

MAWPE §4- o]% &) 5 e = Qle Ad] s V€0 =
stofof gitt. GAE 3t e o, A oFeS o] §sh] wliel o)
T A4 T GHE 28 B, ko] fo] Xt =

A

%

K3 ;<E]—J—— [S=] 73
Hjgkel] ZBRSaL Qe Ao 9f7]19] 520l ofsl SVl s
J

i

2ol el Z719S elstolo} dit.

of] &l STl AFste] AN S 298 A vk
WS = Qe o] gk o] =2 & Aol A= AAIdES
Looflxf &Iz gk AR A g-stal 7 2 elM 9] Al F
7194 710 = ARSI

G40 71942 Antoie equation[21], A F Fk[22]= il sHSIT).
50 °Coll] @229 Z719H2 oF 14~15 baro|th. 182 247
S 15 bar® 3T} G4 FH-§ Flexible hoser= 2 2] 9134
O F d Fwe A vio] PRt MAWPE AAlEE
(50 °CyellA 30 °Ce] AAAIVIRLE FFo] FAksitt, A rhls 11
g 252(80 °C)ellA o 4=9] T71942 ©F 25 barg oItk ©]& 117
5lo] MAWPE: 25 bar® “d A gttt

Burst pressure= MAWP®]| QHd &S ejsich Atz o=z
Burst pressures= MAWPS] 48} ~58] & ARg-8l, G40 54S 12
H3lod 94 3198 Flexible hose:= 5HiE ARE-3ICH19].

- Design Pressure: 15 bar

- MAWP: 25 bar

- Burst pressure: 125 bar

25

X
Vapor pressure of Chlorine (Antonie equation)
% Vapor pressure of Chlorine (Experiment data)
20 ———Vapor pressure of Water
S 45 -
@
=3
2
?
@ 10
o
o
5 4
04 .
T T T T T
-40 -20 0 20 40 60 80

Temperature (C)

Fig. 8. Vapor pressure of Chlorine.
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Fig. 9. Optimal thickness by outside diameter.

4-3. E| DAL S|

AFLARIEA] A] Flexible hosel] Wtell wh&E F72] AAE A
E3}7] $18t9] Barlow Equations AH2-3}31t}. Barlow Equation
St WEF(1D, for plane)THS 71d3F4 Burst pressures At 3 5
o7, gk B(t/Do < 0.05)°l thallx= FefAlQl dvs FA, 7
78 B (t/Do > 0.05)°l 2-&3}7]0l= A7} Qleh23].

EoS vk Adef ol A ©] Burst pressuret= Nadai Equation (1931)
(&) (4)), Paslay et al. Equation (1998) (3] (5)) 5-& &3l 33k 4=
om, ArtAQl S F7]% Flexible hose2] A/ 33 &=
Lame’ Equation (%] (6))& &3l 34 = QIth11,23]. & Aol
A= Al 78] AE B Agste] 7 BpAR) gk Al A
ol

Nadai Equation (1931)

_ 28 D,
= ﬁln[Do_ 2J )

Paslay et al. Equation (1998)

P, == ®)
Lame’ Equation

_S(D;-D})

6
(D;+D;)) ©

A N9 A& HES A, Lame’ Equation©] Burst pressure
(125 bar,g)E 71507 Aol W& FAE 7P HeH oz At
sHolch o & A4 FE ALzl B g Flexible hoseE 2
Tensile strengthS 7}4|i= PTFES AF&-3to] A2k 739, Lame’
Equations &3l 217 7/1& F4betd oF 6.3 mmE A A|stolok
El=2

Qa9 o]F HEE AAN Tl Eofof gt A o]F AREE
@535t §lste] 914S F7M7) L, 1ol wE FAIE S7HAIA
Flexible hoseE AAg 4= It} 124} Erosions & ¢ A 4
20 A o]FH L 2 misE 28] T AAskolof sttt

[18].
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4-4. Braid XjZ&

Braid®] A& Wet condition®]] th st F-2]4d-S 18d3foqdof si},
AFE-3h= 9947} Dry condition ©]2H% 217]1E HEFE™ Wet
condition®| ¥ 7] wiEoltt. ¢liel tigt F-21/3-& 1efste] AAs
X7 3tofof 3hn E Aqtef A= A Aol Euro Chlor, The Chlorine
Institute®] 3L ARS8 $HTH5,19].

- Monel 400

- Hastelloy C4

- Hastelloy C-276

- PVDF

Braid= 915-9] $7 0 25¢ B3F3517] $1519] GuardS A %8}
ojof 311, Guard= CPE, HDPE, PVDF A& & AR&-31c},

4-5. Test
Flexible hoseZ 7l 485171 x1°l| Leak 3l th3tel] gt 211
%3 Tests AAA|31010k @k, 9h2] Test= MAWPS] 20}9] SheollA]
ZxE g4 % Hydrocarbonel] WH&-&F
$15k] Test $F $-olli= Flexible hose

e
N X0
o

o

Fu
o
ofx
K3
>
o
=
N
do

A= Foll 74w HHARE S (4.4 barg) o] el AR AL
USATE. Braid A& G427 FE S A F-Ajoll FekE SUS304E
ARgSRIT

ARL7H S AR @loll, b ZALSHIE STl A A
)54 Flexible hose AR AFIA 5, 4 o]l 23t Flexible
hose= AHE-8FL iz GAI= [ISITE 324 81918 Flexible hosel]
i3t =] 7]50] ¢lof, I Aol = The Chlorine Institute2]
Pamphlet 62] AN Z THE01%] AlES ARS8 #aL 3pgict,

Are] S 1S v, A7t FEE Ths o] e A
HE AT 7Es Al o ® A W HEE 3 ] Eofof sk,
el # 7]5e] glol 2 AE Fste] Sl Aol st A
A g AR 7SS AAEI

- 74 Ul# + Braid + Guard

- Design Temperature: - 40 °C~50 °C

- Design Pressure: 15 bar,g

- MAWP: 25 bar,g

- Burst pressure: 125 bar,g

- Thickness: Lame* Equations &3l 4t

- Material: 32~ 2]l th st A3 o] 9l A2 Q] U, Braid,

Guard

B ATE Fal AT AATES A AgelA A88] flsl
M= AA71E el Al Flexible hose2] Samplings %3t
Burst pressure®]] Ut A3 2 HEZ} - Q3lr} 2 =tollA] Al
g AA7IEE HHE oz ARelM ARgshe da sk Aol
A g3hhd 5 AbaL ool 7]o1 gk ek op e}, obdie Sk,



P& = AT E 8

&= o]F-8 it Foll AHE-¥= Flexible hose?] 4744 AE

AE7|=
D, : Outside daimeter [mm]
D; : Inside daimeter [mm]
t : Wall thickness [mm]
P, : Burst pressure [bar,g]
Pyuwp : MAWP [bar,g]
S : Tensile strength [bar,g]
k,.; : Factor to account for the specified manufacturing tolerance

of the pipe wall (0.875 applied to this paper, tolerance of
-12.5)
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