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Probability of Performance Failure and Change of Roughness Coefficient According to
Accumulation of Debris in Storm Sewer

Ay
Kwon, Hyuk Jae

Abstract

Reliability model which can calculate the probability of performance failure of storm sewer was developed considering change
of roughness coefficient in this study. Roughness coefficient should be re-evaluated due to accumulations of debris in sewer pipe.
Therefore, roughness coefficient according to depth of debris in circular sewer pipe was determined for the present study. Reli-
ability analysis was performed with the new roughness coefficient. After the analysis, it was found that capacity of storm sewer
can be significantly decreased and probability of performance failure of storm sewer can be significantly increased by increasing
the depth of debris in storm sewer. In this study, reliability model was applied for the Daegu and Jeonju using new roughness coef-
ficient which was determined according to accumulation of debris in circular storm sewer. It was observed that if the depth of
debris is increased, roughness coefficient is increased simultaneously and probability of performance failure of storm sewer is sig-

nificantly increased.

Key words : Probability of performance failure, Reliability model, Roughness coefficient, Storm sewer
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Fig. 2. Statistical distribution of the annual maximum rainfall intensity of (a) Daegu, (b) Jeonju

Table 1. Statistical properties of annual maximum rainfall
intensity of Daegu and Jeonju

Sample Mean Rainfall|  Standard
s E Intensity deviation cov

“ (mm/hr) (mm/hr)
Daegu 39 36.06 10.99 0.3048
Jeonju 39 43.09 14.24 0.3306

Table 2. Results of chi-square goodness-of-fit test

Degree of Significance .

Froedom Level Probability | Result
Daegu 7-2-1=4 5%(0.05) 9.49 443
Jeonju 7-2-1=4 5%(0.05) 9.49 2.02
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Fig. 3. Annual maximum rainfall intensity according to return
period

EAEA(O e P2l R el ME5ESEE

2.3 EEHTE
E sl e 9510 29e Pekie g
SJal sk AT 98 Sl A4
73 1.2m, A= 1:1000, Manmng—% ﬁ]
A= 0.85, 7Y

Ol 571|x-| EA‘I

o}

0.013,
WAL 0.7 km?(70,000 m*)Z 7}%4 3k

i

Table 3’_‘ EH:rLQ]— X‘]T—J j*r\”]’.J /HLHLﬂE )\]‘ q
918 Aol AHEE HE¥isel BASA S Leh
U e A s 5}%\7:'_;5@./\‘— Gumbel FXE

ARSI o) ARl el S detk

EAskF o2 =Holgk 7Fgsk 2+
Sl FARge Bo SF 2 A YR
A GPIN 98 el BApL A
ASA O obd R=D} SRER S50 A5 BEEE
WEE AT AP ol A () 2k

D ,2/3 0.5

Z==—R""S

» ~0.2778Cid (7

Table 3. Statistical properties of random variables for reliability

function
Variables| Distribution Mean/COV Daegu | Jeonju
Mean 0.85 0.85
C Normal
Ccov 0.05 0.05
Mean(mm/hr) 36.06 | 43.09
S-year return period
(mm/hr) 4397 | 53.33
i Gumbel | 10-yearretum period | 5539 | ¢ cg
(mm/hr)
20-year return period 5656 | 69.66
(mm/hr)
Ccov 0.3048 | 0.3306
Mean 0.013 | 0.013
n Normal
cov 0.12 0.12
Mean 0.9 0.9
K Normal
Ccov 0.05 0.05
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Fig. 4. Circular storm sewer with the debris

Table 4. Roughness coefficient of Manning's equation (Brater

et al.. 1996)
Surface Condition

Best Good Fair
Uncoated cast iron pipe 0.012 0.013 0.014
Coated cast iron pipe 0.011 0.012 0.013
Welded pipe 0.01 0.011 0.013
Riveted and spiral steel pipe 0.013 0.015 0.017
Vitrified sewer pipe 0.011 0.013 0.015
Concrete pipe 0.012 0.013 0.015
prick In cement mortar; 0012 | 0013 | 0015
Cement mortar surface 0.011 0.012 0.013
Natural earth 0.018 ~
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Table 5. Evaluation of new roughness coefficient for the
estimation of sewer capacity

Depth of | Width of Wetted Ratio of | Roughness
debris(m) | debris(m) | perimeter(m) W/P coefficient
0.05 0.48 3.75 0.128 0.0139
0.1 0.66 3.73 0.178 0.0142
0.15 0.79 3.70 0.215 0.0145
0.2 0.89 3.65 0.244 0.0147
0.25 0.97 3.60 0.270 0.0149
0.3 1.04 3.55 0.291 0.0150
0.35 1.09 3.49 0.312 0.0152
0.4 1.13 3.42 0.330 0.0153
0.45 1.16 3.35 0.347 0.0154
0.5 1.18 3.27 0.360 0.0155
0.55 1.19 3.18 0.376 0.0156
0.6 1.2 3.08 0.389 0.0157

2
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Fig. 6. Flow chart for calculation of probability of performance
failure of storm sewer
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