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ABSTRACT

FMECA, Failure Modes , Effects and Criticality Analysis, is a method of
risk analysis with a type: of anticipating reaction. Through examining and
analyzing function and requirement of every system component, FMECA
detects and examines potential-failure modes and possible influence results
progressively, which caused by the system, procedure, apparatus, message or
human behavior.

This study adopted FMECA method to analyze various failure modes of
standpipe and hose system and selected key factors of failure modes in the
system. Furthermore, this study utilized Surge, hydraulic calculation software,
to simulate and evaluate standpipe and hose system with turbulent state, and
quantify the possible result of failure modes in order to conduct some
appropriate precaution measures.

The above-mentioned risk analysis shows that failure modes of higher
risk in the standpipe and hose system as follows:

1. Startup sequence error of fire fighter's operation related relaying pump,

2. Hosepipe rupture between fire vehicle and water inlet of fire department connection,

3. Stop valve closed in water inlet of fire department connection,

4. Controller block in pressure reducing valve due to impurities or corrosion of the pipe
itself,

5. Disturbing flow influences pressure control in pressure reducing valve,

6. Relaying pump suck air,



7. Impurity in the standpipe,
8. Nozzles turn on and off by fire fighters.

According to assessment analysis results, while pressure reducing valve
was unable to open in the lower floors, it produced the pressure drop around
26 kgf/cm? at the secondary side of pumps in lower floors, the pressure
concussion may cause great destruction to the pipeline. While pumps failed in
the lower floors, pump outlet sides produced pressure concussion about 2~12
kgf/cm?®. Compared with scenario 6 (pump failures in higher floors), the pumps
in the lower floors produced more destructive than pumps the higher floors.

Finally, this study proposed better strategies of Standpipe and Hose
System design, operation,: and . maintenance. management for designer,
examiner, local fire department authority, and building administrator. Also, it is
hopeful to promote reliability of standpipe and hose system in building,
increase utilization-rate of fire rescue.

Key word: Failure Modes , Effects and Criticality Analysis, risk analysis,
standpipe and hose system, hydraulic calculation, Surge, relaying pump, fire
vehicle, pressure reducing valve
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1og 3 p e R de 2 57 5

BN R E 2 $E s 0 T 7 3 ThBik(Reynold’s Number) i &

W0 A SR~ FRINE RO R EES] o
Fo 2 RN A R
A w] %
& 7 (laminar flow) Re <2000
£ 7x (transition flow) 2000< Re <4000
¥ o (turbulent flow) Re > 4000

TALk R A R

S thBRe ¥- Bk H mofidic T84T

Re =64/f f 1 A& i (friction factor)
D xvx DxG
Re=—""% (1)
H M
D: ¢+ E j2(m)
VR e i (m/s)
p i kg2 A (kg/md)
u bR ends i AR 2 Bic(Ns/m, » kg/ms)
G : inAg e niE B (kg/sm’)
D xVvx DxG Kgxmxmxm
Re = £ = - = (2)
y7i y7; m~ x s x1x Kg
PR L Tk F R g 2 ()T, 0 P BT AL SR 0 2725 2735 92-100 ~ T9-87 T
P95 &6 ~95& 77

45



2 RS I ROBEEF A Y O E @ g

F 3B GHMERAERFALAZ R EE L

|

i g

Hazen-Williams Equation
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| JE R - AT St
* v R &R
®4C — 25C
@ ERIFFI LB ENALE

Darcy—Weisbach Equation

® i it
FVORSESE o B P INE R
22l I S

v S o B4 4 1Kglem2 12

Colebrook-White Equation
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.ﬁ_?%‘ iR A BT AR
SEl-B
® L

A 7 B g A
® v R Eon
® E I

(1)Hazen-Williams 2 3¢

R

f = 0.2083[100T85 5:::525 (3)
AR S

f — 0 010666C -1085 d —4.8655 .Ql .852 (4)

f 1B BT L (fk 427100 ft ~ mm -k 42/m)
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Q : ;B (gpm »m?3/s)
di @ # N E(in > m)
C P EGkFAR

P aNCEAT £

# 4 Hazen-Williams Equation 2 C & - 7 %

B 15

Hazen—Williams Equation =7 C &

ABS #3 p v 160
¢ * 10 & 7 ABS #% ud 160
it % 20 & ABS # AW 160
¢ * 30 & 1 ABS # @ 160
i€ % 40 £ 1 ABS RPN 160
PVC/CPVC # # |3 % & 150
it * 10 # 7 PVC/CPVC #3d 3 v) & 130
% 20 & b PVC/CPVC AEPEYE 110
PE/PP s # P iy 140
,“\ﬁgﬁ 140
Frenk 2 B (84%) 140
Arei- L E B (275%0) 130
3744548 # (GIP) 120
7 4E48 3 (CIP) 120
i % 10 & 4448 7 (GIP) 110
it % 20 & 444 (GIP) 90
i¢ * 30 # g drss g (GIP) 70
i¢ * 10 & 4548 3 (CIP) 107
i * 20 & chiEas 4 (CIP) 95
¢ * 30 & chikas d (CIP) 80
¢ * 40 & chgE4s  (CIP) 65
FrevkGR 110
REEE - 2PN 80
o gk end M 60
PEY S A 40

(2)Darcy-Weisbach = ;¢

w4 H >
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di 29
AR S
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h —af eV
di 29
fo 0.25

fof 25201

he o k545 4 (ft -k 42100 ft »

fi 84 By 2 Adk

L:E gk R fpg 2
di @ ¢ p s (ine> m)
v i ik (ft/sesmls)
g4 ek RS’

(3)Colebrook-White = 3t

EAE

%_114 2|ogl{g 135_
AL IR W

Gt 5 A
f:34

» m/s?)

(5)
(6)
(7)
mm -k4x /m)
)i(v'"\ \m)
(8)
(9)

s B ERdE 4 (ft -k 4/100 ft mm ~ k42 /m)
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di : & P fz(in ~m)
Re: &% 1 ¥

FoBgip4 i

# 5 Colebrook-White Equation ¢ 2 e & - 1 %

S 3N EEae kR &Sk

5 e - PR R %}iefﬁ
ABS #3153 05107 0.0015
i€ * 10& «nABS # ¥ & | 05 10° 0.0015
¢ * 20& (HABS 41 Bt 0.5 10° 0.0015
¢ * 30# HABS & #® 4% [ 05 107 0.0015
it * 40F cPABS # 4% | 05 107 0.0015
PVC/CPVC#: % {3 % 06 10° 0.0018
i¢ * 10 ¢#PVCICPVC# % | 0.8 10" 0.0026
i€ * 20& «HPVC/CRVC# % | 1.0 10° 0.0032
1% %
PE/PP # i 3% ud 06 10” 0.0021
E e 052 10° 0.0016
Frenk b B ¥ (£ B%) 50 10” 0.015
Fren- 3 F (£ B%) 59 107 0.018
A7 44248 (GIP) 5.0 10” 0.15
374548 3 (CIP) 16 10" 0.5
i * 10 ch4g 4348 3 (GIP) 26 10 0.8
i€ % 20 g4 ¢ (GIP) 59 10 1.8
i€ * 30 g4 ¢ (GIP) 85 10 2.6
i * 10 criE48  (CIP) 39 10" 1.2
i * 20 4545 # (CIP) 59 10" 1.8
i¢ * 30 g4 ¥ (CIP) 72 10" 2.2
¢ * 40 14548 5 (CIP) g2 10 2.5
Fren kR 29 10 0.9
REETE BTN 39 10" 1.2
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Pofm kg 114 10"

3.5

i3 R PRI % 164 107

5.0

3.Hazen-Williams 2> 5% i i+ £ 51 & 5%

v =0.113cd **s***

v:ig ok (ft/sec)

o

g P 2 (inch)

St B MRS L WEE K R i BT

(@]

D BT R R DAl e B4 50~150327 o
MmN

Q: i £ (gpm)

dodt SN 8 LR e w3 A

_4.520%°°

5
AP = C1.85d 4.87 <10

AP:F S5 ft2_ & *% (psi)
Q:in £ (gpm)

d:g p fZ(inch)

Cig BT F R PR Gk

B 6.05Q1.85

5
£ AP = C1.85d 4.87 x10

AP:# M E 2 2 % (kgflem?)
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Qi & (I/min)
d:g p 42 (mm)
cip BT R Ak

BOEPMCH - SompE s ¥R S

8.16Q'% . +1.
H = C L85 ) 487 x KlOO : (14)

¥ C=120p% » + o
1.85 | ' 1 =
H=1.2x 84.87 X( K100 : j -

H e AT % K aE(m)

Q:in & (LPM)
C:E¥dp 4 ¥
D: ¥ P iz (cm) (£ SCHA0% ¥ & A %)
| AR K & 2 B e(m)
LR S KIRE - RE R F £ 2 &35 (m)
234 k44 38
1.-k4p/®+ gt eng < wH > & 2 Joukowski equation® 2 3¢ .48
H=av/g (16)
v ki (m/s)

g: E 4 4eid B (M/S)

%0 A Review of Water Hammer Theory and Practice
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Hear 515C kerRR+ 3 B B

. 1425 im/s]

8 17
\/1+2-07><10.D (17)

E d
D g P (M)
d © #EE & (M)
DR %R % Bie(kg/m?)
20RARB T B R E B E A RAM L Fad o~ FRS R E SRR

PEREEE Y 2 3§ % (AirChamben) Z & 0 kg T sl 2 B

- 0.286 - 18
Pol:(F:;]j - :l xd? (18)

Q: g (LPM)

p:ntlR R

d:gehafie o

Pm: &+ 2 &4 (kglcm?)

Pl : % > P pFndeid 8 V& 4 (kglem?)

0: -kdgrfr B2 FEHE R 4 (kglem?)
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| Ry | Ry aaekp) | s
98 407 255 62.65%
99 420 253 60.24%
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(FH %k 44§ fm)
2B E RS S A S AR R K AT

53



R
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ERN] RE(E) | ®(®) R(H) | mpes
08 255 250 5 1.96%
99 253 246 7 2.77%
100 189 167 22 11.64%
et 697 663 34 4.88%
(FA &R w2 R
3.F B4R kA EERTF  E AL A G
S B EcAt Bk e YA
an L 170k 21-30% | 30K 1L &3
98 2 3 0 5
99 0 7 0 7
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