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A study on the effects of Friction loss of CPVC pipe according to
Roughness coefficient in a sprinkler system

Ung I Kang

Department of fire Service Administration, Honam University
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Abstract The pipe material is selected according to the physical and chemical properties of the fluid flowing within
it. Because the fluid used in fire extinguish systems is water, the various foreign substances dissolved in it cause scale
to form on the pipe wall and accelerate the corrosion and aging of the pipe itself. This results in an increase in the
friction loss and eventually degrades the efficiency of the pump. The use of CPVC (Chlorinated Poly-Vinyl Chloride)
pipes was confirmed to reduce the friction loss compared to conventional steel pipes in the design and construction
stages. The friction loss was found to be 76.64MPa with a C-value of 120 for the steel pipe and 50.72 MPa with
a C-value of 150 for the CPVC pipe in an actual apartment construction environment. It was confirmed that the
friction loss was improved by about 34% when using the CPVC pipe. When the steel and CPVC pipes were employed
in the construction, the construction costs were 1,585,158 and 931,842 won, respectively. Therefore, it was shown
that the construction cost was reduced by about 41%. We investigated the safety of the fire extinguishing system and
the improvement in the economic performance due to the reduction in the total installed capacity by studying practical
applications in the field

Keywords : Construction cost, Chlorinated Poly-vinyl chloride, Economic improvement, Friction losses, Pipe material.
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Table 1. Value of friction losses for the pipe

Type of pipe "C" Value
Copper pipe , CPVC 150
Galvanzing Zincing pipe, Black steel pipe (wet, deluge) 120
Black steel pipe (dry, Pre-action) 100
Table 2. Hazen-Williams “C ” values
Pipe or Tube "C" Value
Plastic(listed) all 150
Copper pipe or stainless steel 150
Black steel (wet systems including deluge) 120
Galvanzing Zincing pipe, Black steel pipe (wet, deluge) 120
Black steel pipe (dry, Pre-action) 100
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Table 3. Comparison between Hazen-Williams and Darcy-Weisbach equations

Division

Hazen-Williams equation

Darcy-Weisbach equation

Objective fluid

Using only water

Using all fluid

Characteristic

Friction losses calcination by

characteristic for pipe

physical

Friction losses calcination by physical properties and

fluid properties for pipe

Advantage, Disadvantage

Be casy to use "C" as friction losses

Using the Reynolds number, apply

Table 4. Cause and Improvement of friction losses

Division

The main cause of friction losses

Improvements

Friction losses in pipe

Friction between the fluid and the surface in pipe

Using a large pipe with values of roughness

Turbulent fluid

The flow of fluid is the laminar flow

Viscosity of the fluid

The temperature of the fluid is lower

Local resistance loss

Change of diameter

The rapid expansion and reduction of diameter

Bending of the tube

To minimize bending places

valve fittings in pipe

To minimize bending fitting in short pipe
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(a) Passing of seven years (b) Passing of thirteen years

(c) Passing of seventeen years

(d) Passing of twenty-one years

Fig. 1. The process of passing of year for steel pipe

Table 5. Characteristic comparison of the pipe

Piping material CPVC Steel pipe Copper pipe
Melting point 160 C(self-extinguishing) 1,427~1,538C 1,427~1,538°C
Maximum ambient 66 No limit No limit
termperature
wet sprinkler
. Installation site (semi nonflammable over No limit wet sprinkler
Heat resistance . .
insulation place)
Specific heat _
(callg C) 02~0.3 0.115 0.09
Heat conductivity
(w/m K) 0.12 52 247
Corrosion sensitivity low high medium
Corrosion protection -
flow Performance Flow coefficient 150 120 130
(C value change) (no change) (decrease) (decrease)
Weight
(Kg/25 code) 0.401 2.46 0.947
Construction ability ded ded
. . .. screw type, welded type, welded type
Bonding method solvent adhesives joint type arooved type (solder, braze)
life span semipermanent 10~20 yeras 40~60 years
Durability
Replacement cost none occurrence none
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A 4l $el7k 9ot 9~10mss ol gelAlE 34
WA A FYaok Bl Fig. 1€ 4] $ol e OPIE welAtEaR)e] AZYFY A4S Fig. 2
Admsts el Aolth Exolu cPvee S 4 9F #Zo] AAISIL Table. 625 FHE AES 3]
WA oz B 7} Hrie). E :?7}§}XHOHJ7] Hazen-Williams 2] o]l 2 §-3t1ch. o] npaz g 7
Z(NFSC 103 #18% A13, Apdhol] 525 gz Ask7] 9iste] a3t CPVCH S vl ek A7, Table
FTHEE duhlPew 273HKS D 3507), rule 7o ol mpREAe] WSS vehlila vhkEA gk
SE2ZWEKS D 3562), olom §lE F ¥ SEEw WIS Fig 302 Yehilth T2l AAlE CcPved)
(KS D 5301), &8 2=ee] ~72¥HKS D 3576)4% ¥ dgAtel Bad Agu|e} NS HolFe= o
N&7)e7)E Ager Awg FAFAMIH LY SIHZFEE Table. 83 98 UEhiRlen, Ayow A
“CPVC ®j¥")o] Ut} [7]. Table. 5% & Al 714 wol  AlSHS 4 vpEdoe] Aol whe} f=ze] o ¢
ALEEE B B 9 CPVCHlT] EAL wmak 2 R AE7] §o] AXA Ho] AA| Mule] w§ @

S YR A [8].

358

Z7lete 2 cpveHj#e s W7 & A$ Alxdge
% 471-0] 7]——‘2‘—6]—0 o} 2=

I

ek olele] Fig 4, 5= A

T R



2xZag AAHA REA S| T2 CPVC Wi opzkeA gFo] A

oA AlFst AL vhol A2 ddo] MAEHK]| o E W eAE AYeFst

91o] Table. 1090141} 7o) At 3 AAYH| 2} 2173H]
o= CPVCHITE AMEES  tiEF 41%713F Q712 A7ds B olyzl A7 Al
o] UAF B 8%, WA, Grooved, 3ol Al o] wpE wigte] 1 H mﬂﬂl% 5
b Al vls] B Ao o §AH vgo] Ao AEA] ol Ztel u]she

F b

o

il o1
2 FE SeIME Aol Aelet, ddEge] iy FEsite e & 5 Sith
A& | wras(ENLWTH wR) 1EA
FE EL =
— [ |
e | AIVIEE SHSESAC A
(5P 79°C~121°C DITH

L —
l_‘ !
5: i _JJJ

= ="
|
BRI ey

L=
-
-

Fig. 2. The design drawings of sprinkler system for apartment units

Table 6. Calculate of quantity the fire pipe in household

Diameter Flow 90° 90°divided flow 90° direct flow Conversion straight pipe
(A) (LPM) Elbow TEE TEE length(m) (m)
50 800 6 1 10 22 34
40 800 1 0 1
32 800 2 2 1 6 4
25 800 13 12 1 30 3
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Table 7. Comparison of loss of head between Steel pipe and CPVC pipe

Loss of head : (MPa)

Diameter(A) - -
Steel pipe CPVC pipe
50 4.52 2.99
40 0.32 0.21
32 5.22 3.46
25 66.58 44.06
A 76.64 50.72
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Fig. 3. Comparison of friction losses between steel pipe and CPVC pipe

Table 8. Breakdown cost table of CPVC Pipe

Material cost Labor costs Total cost
Names of goods Standard Unit Amount unit . .
cost sum unit cost sum unit cost sum
Pipe, ®50mm m 34 9,750 331,500 - - 9,750 331,500
Pipe, ®40mm m 1 6,300 6,300 - - 6,300 6,300
Pipe, ®32mm m 4 4,550 18,200 - - 4,550 18,200
Pipe, ®25mm m 3 3,900 11,700 - - 3,900 11,700
CPVC Tee, ®50mm m 11 5,600 61,600 - - 5,600 61,600
construction Tee, P40mm m 1 3,453 3,453 - - 3,453 3,453
Tee, ®32mm m 3 2,600 7,800 - - 2,600 7,800
Tee, P25mm m 13 1,800 23,400 - - 1,800 23,400
Elbow, ®50mm m 6 4,500 27,000 - - 4,500 27,000
Elbow, ®32mm m 2 2,300 4,600 - - 2,300 4,600
Elbow, ®25mm m 13 1,200 15,600 - - 1,200 15,600
Pipe component 5% for pipe - 1 25,557 25,557 - - 25,557 25,557
Miscellancous 3% for main . 1| 15334 | 15334 ; ; 15334 | 15334
Slvg;‘lg‘}l g;(ﬁ%trflr}ction person 1 - - 99,882 99,882 99,882 99,882
general
Plumber construction person 2 - - 134,427 268,854 134,427 268,854
worker
Handworker cost | 3% for labor - 1 11,062 11,062 - - 11,062 11,062
Total 563,106 368,736 931,842
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Table 9. Breakdown cost table

of Steel Pipe

Material cost Labor costs Total cost
Names of goods Standard Unit Amount unit . .
sum unit cost sum unit cost sum
cost
%%%gl”nlfl‘te pipe). m 34 | 7200 | 244,800 - - 7,00 | 244,800
Carbon Steel —
pipe for SPP(white pipe). m 1| 5074 5,074 : - 5,074 5,074
pipelines - -
construction SPP(white pipe). m 41 4417 | 17668 ; ; 4417 17,668
%gggmite pipe), m 3 3,440 | 10320 - - 3,440 10,320
gg‘gfngee’ ea 11 5,100 56,100 - - 5,100 56,100
Whhie Tee. ca 1| 4000 4,000 - - 4,000 4,000
white Tee,
s . B32mm ea 3 3,100 9,300 - - 3,100 9,300
crew steel pipe
connection iron :
gg‘st;n{“’ ca 13 2,500 32,500 - - 2,500 32,500
White clbow, ca 6| 4000 | 24000 ; ; 4,000 24,000
white clbow, ca 2| 2200 4,400 : : 2,200 4,400
white clbow. ca 13| 1800 | 23400 ; ; 1,800 23,400
25TxD50 m 34 3,100 | 105,400 6,216 | 211,344 9316 316,744
E’ige lagging 25TxD40 m 1 2,700 2,700 5,285 5,285 7,985 7,985
atiron, super
magic 3031; 25TxD32 m 4 2,555 10,220 4,573 18,292 7,128 28,512
25TxD25 m 3 2,298 6,894 3,879 11,637 6,177 18,531
Pipe component 5% for pipe - 1 13,893 13,893 - - 13,893 13,893
Miscellancous 3% lor main ; 1| 8335 8,335 ; ; 8,335 8,335
Normal general
worker construction person 2 - - 99,882 199,764 99,882 199,764
worker
general
Plumber construction person 4 - - 134,427 537,708 134,427 537,708
worker
Handworker cost 3% for labor - 1 22,124 22,124 - - 22,124 22,124
Total 601,128 984,030 1,585,158
p* Y

Fig.

4. Construction case of steel pipe

Fig. 5. Construction case of CPVC pipe
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Table 10. Comparison of construction cost between Steel pipe and CPVC pipe

Material cost labor costs Sum
Type Division (the amount per household: (the amount per household: (the amount per household:
won) won) won)
" Steel pipe 601,128 984,030 1,585,158
CPVC 563,106 368,736 931,842
4. 724 E system”, 2013.
[6] D. J. Kim “A study on corrosion of sprinkler systems
BT A A Tie] npRAS M| 9 in fire protection,” pp. 15-23, Master’s thesis, 2009.
sl 7)1 73 thAl CPVCH o A7 2 A Eed [7] g,l;se% ”}OZBO{gTIational Fire Safety Code for Sprinkler
& 5, 2EAF wet ST A7t s £ [8] GOLEE Pipe Co “ Atticle for CPVC Pipe” Available
At 2EA%9 =47} 73_3&(120)%]_ w) npzrea e from: http://www.goleepipe.co.kr/ (2014)
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