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Abstract

In case of the application of Hazen-Williams C for design, operation or maintenance of water supply system, field situations always should
be reflected on the factors. In this study, the relationships between C factors and influencing factors are analyzed using statistical techniques
with 174 measured C factor data collected in periodic inspection for safety diagnosis in multi-regional water supply systems. To analyze their
relationships, cross analysis, one-way ANOVA, correlation analysis were conducted. Analysis results showed that C factors had high
correlations with both of elapsed year and pipe diameter and were relatively highly affected by coating material among influencing factors with
the categorical type. On the other hand, elapsed year, pipe diameter and water type were meaningful influencing factors according to the results
of multiple regression analysis. The Cluster analysis revealed that C factors had a tendency of being fundamentally classified on the basis of
the elapsed year of about 20 years and the pipe diameter of 1500mm. Although C factors were generally greatly affected by elapsed year, size
of pipe diameter relatively had an large influence on values of them in case of large diameter pipes. Lastly, It can be suggested that C factor
estimation formulas using multiple regression analysis and clustering analysis in this study, can be applied as decision standards of C factor
in multi-regional water supply systems.

Keywords: clustering analysis, Hazen-Williams C, influencing factor, multi-regional water supply system, multiple regression analysis,
statistics techniques
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Table 1. Pipe diameter and elapsed year of measured C factors

Plpe(gﬁlr)neter Number of Obs. E%g::d Number of Obs.
~ 500 20 ~5 !
500~1,000 54 5~10 12
1,000~1,500 46 10~15 79
1,500~2,000 36 15~20 34
2,000~ 18 20~25 28
25~30 20
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Table 2. Relationship table between variables

Pipe g Water Type
TyII))e licieriv] o Raw Treate}ép Industrial VRS
No. 52 36 1 89
Coaltar Diameter | 1,618 988 600 1,352
Elapsed Year| 20.71 17.67 | 29.00 19.57
Sp Cfactor | 113.44 | 115.07 | 96.00 | 113.90
No. 19 31 2 52
Epox Diameter 1934 1244 1350 1500
POXY Elapsed Year| 12 129 | 13.50 | 12.60
Cfactor | 119.65 | 118.05 | 122.50 | 118.81
No. - 33 - 33
Diameter - 511 - 511
DCIP| Mortar Iy ed Year - 1512 | - | 1512
C factor - 113.83 - 113.83
No. 71 67 3 141
Sp Diameter 1,703 1,106 1,100 1,406
Elapsed Year| 18.38 1546 18.67 17.00
C factor 115.10 | 11645 | 113.67 | 115.71
No. - 33 - 33
Diameter - S11 - 511
berp Elapsed Year - 15.12 - 15.12
C factor - 113.83 - 113.83
No. 71 100 3 174
Total Diameter 1,703 910 1,100 1,236
Elapsed Year| 18.38 15.35 18.67 16.64
C factor 115.10 | 115.58 | 113.67 | 115.35

Table 3. F-statistic by oneway ANOVA

Categorical
Variable] Pipe Internal Water
Continuous Type Coating Type
Variable
Pipe Diameter 0.000 0.000 0.000
Elapsed Year 0.091 0.000 0.002
C factor 0.163 0.000 0.828

Table 4. Correlation coefficient by correlation Analysis

C{),r;trlgé(l)éls Pipe Diameter | Elapsed Year C factor
Pipe Diameter 1.000 -0.021 0.353
Elapsed Year -0.021 1 -0.567
C factor 0.353 -0.567 1
Hazen-Williams -5-2]of| 4] BF-S UeR = 55415 C<}
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Table 6. Determination coefficient of regression model by independent variables

All Variables Year, Diameter Year, Diameter, Pipe Type
R’ 0.460 0.438 0.438
Year, Diameter, Internal Coating Year, Diameter, Water Type
R’ 0.438 0.456

140 1407

130 F 120

i<}
=3

120

Calculated C
Calculated C

=

100 1 100

140

I~
8

Calculated C

=)

100}

90
a0 100 110 120 130

Measured C

(@) All variables

140 il 100

Measured C

(b) Year, diameter, water type

120 130 140 %0 100 10 120 130 140
Measured C

(€) Year, diameter

Fig. 4. Regression analysis results by independent variables
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Fig. 7. C Factor classification results by number of cluster
Table 7. C factor characteristics by classified clusters
Elapsed Year Pipe Diameter C Factor
Number of Cluster No T Average Range Average (Average)
Cluster 1 47 6~21 13.57 1,500~2,600 2,005 119.62
3 Cluster Cluster 2 47 19~30 24.79 300~2,200 1,197 110.37
Cluster 3 80 5~18 13.66 200~1,350 808 115.77
Cluster 1 76 5~18 13.82 200~1,350 780 115.39
4 Cluster Cluster 2 18 19~29 24.06 1,500~2,400 1,856 113.67
Cluster 3 34 19~30 24.53 300~1,350 974 109.40
Cluster 4 46 6~18 12.59 1,350~2,600 1,943 120.36
Cluster 1 40 6~18 12.90 1,500~2,600 2,025 119.51
Cluster 2 18 19~29 24.06 1,500~2,400 1,856 113.67
5 Cluster Cluster 3 43 13~19 16.00 250~1,350 753 112.99
Cluster 4 40 5~14 11.10 200~1,500 909 119.43
Cluster 5 33 21~30 24.70 300~1,350 970 109.38
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Table 9. Regression formula by number of cluster

Table 8. Regrés.sion formular and standardized regression Number of Cluster Regression Formula
coefficient of 4 cluster > Cluster Cluster 1 C=0.003D-0.663Y+122.269
rm—m— uste Cluster 2 C=0.006D-0.770Y+122.226
Cluster |Elapsed| Pipe | o @ Formula Itfg‘ i Cluster 1 C=0.007D-0.501Y+112.585
Year |Diameter|  © Coiont 3 Cluster Cluster 2| C=0.005D-1.144Y+133.316
— Cluster 3 C=0.005D-1.147Y+127.175
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I 24, 4
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of cluster
TR G 2 Cluster 3 Cluster 4 Cluster 5 Cluster
Cluster
R® 0.438 0.479 0.468 0.556

140

130

+ Cluster,
O Clyster 2

Calculated C

100

Calculated C

Calculated C

110 120
Measured C

(a) 2 Cluster

110 120
Measured C

(b) 3 Cluster

140

130

Calculated C

100

110 120
Measured C

(c) 4 Cluster

% Cpster 4

X rfcwus‘er 5

110 120
Measured C

(d) 5 Cluster

130 140

Fig. 9. Regression analysis results by number of cluster

17474S] ARHR AR Qs R g
23991 HIo1e] 8 A 2 S Aol ol
o) ol Sl BAPL get] el 2t s7pel
2o AT Ask 2ol FAF A A=}
WehE APy ol AUt £EE 4 gone, Ak
A &A% AZARE S350l 24Tl Basht,

N x % rr
ﬂfﬁ
jm
o
ol
|I-N
lo
:
o
o Hi
HHN[
i)
0,
fﬁl

IO alll

FLI FIF

) S % 7 S Sl i $o
B BA AT AgUS, B W SES ofn) gl
SYRSE BT BE U YR 5
Ango] 3k Ao oJust G gk Ao PEY

v

N

Wil W B sl g7t Ask Ao

S B, SES SUNSE S 1) 23F S5ARe

1 fAke Ao R AR B9, AN oEElAR
[e)

de @A ABHL G §EASE asing, 47
A RS Aol LS Tefstel mheld Age
§47%5 guch AL e AES Tt

4y S5ARe] BHEA At 250t 23t Holrt
LA slorf DA A o 043 W o

ol
FAS| AL BT 2 ST AR 2 B

= T
o] S48 FEAGT AL, WHo] §ARE A9 AR
57k He4 % §E5AS AL A0 BHEH



410 B. Kim et al. / Journal of Korea Water Resources Association 49(5) 399-410

5) $57E 24 gelH BFAFRAE 4AT 2
¢}

T, Ao R §474E A0 dake ol @

u, Brgol ARl whet AR Bgo] Al
%3

FEA%S SHARE SAHOR BYote] =5
i 35 4545 A o] §8T Be]Eo]
g 4 e Ao Bt o R E o A4
o A 5L oA PoRE ALH G4
5 57 0 ARSYES B A= ol ARS s
7

References

Chung, W. S., Lee, H. D., Kim, 1. T., Yu, M. J. (2003).
Correlation Analysis of Environmental Factor for
Drinking Water Pipe Deterioration, Jouranl of the
Korean Society of Water and Wastewater, Vol. 17,
No. 2, pp. 242-249.

Jeon, C. H. (2012). Data Mining Technique and
Application, Hannarae Academy, pp 64.

Kim, J. K., Park, J. H., Park, H. J., Lee, J. J., Jeon, H. S,
Hwang, J. S. (2009). Statistics for Engineer, Free

Academy, pp. 247.

Kim, J. H,, Kim, Z. W., Lee, H. D., Kim, S. H. (1996).
Development of Rehabilitation and Management
Techniques for Old Water Distribution System,
Journal of Korea Water Resources Association, Vol.
29, No. 3, pp. 197-205.

Lee, C. H., Ahn, J. H., Lee, J. H., Kim, T. W. (2009).
Prediction of Scour Depth Using Incorporation of
Cluster Analysis into Artificial Neural Networks,
Journal of Korean Society of Civil Engineers, Vol.
29, No. 2B, pp. 111-120.

Lee, H. D., K-water (1995). Developement of
Decision-Support System for Water Pipeline
Rehabilitations.

Park, S. W., Im, K. C., Choi, C. L., Kim, K. L. (2009).
Hierarchial Clustering Analysis of Water Main Leak
Location Data, Journal of Korea Water Resources
Association Vol. 42, No. 3, pp. 177-190.

Son, K. I. (1996). Predicting Flow Resistance Coefficients
in Water Supply Mains, Journal of Korea Water
Resources Association Vol. 29, No. 4, pp. 223-231.

Walski, T. M., Sharp, W. W., Shieldsm, F. D. (1988).
Prediction Internal Roughness in Water Mains,
Miscellaneous Paper EL-88-2, US Army Engineering
Waterways Experiment Station.

Won, T. Y., Jung, S. W. (2013). SPSS PASW Statistics
18.0 Statistical Research Analysis, Hannarae
Academy, pp. 339.



