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Abstract

Proper functioning of a sewage collection network whole
depends heavily on its management plan. Prioritizing
component inspection of these networks is also an important
part of management plan and paying attention to it can greatly
improve their performance. In the present study, after
determining the factors affecting the structural deterioration
process of sewers, the impact of each of these factors on their
decision-making and inspection prioritization process is
investigated. After defining the indices and determining how
each index is scored, each of the indices is classified in the
range of 1 (very good) to 5 (very bad). Subsequently, a
deterioration model based on polynomial logistic regression
was developed to estimate the structural status of components
using defined structural indices and videometric data. In
addition, hydraulic and environmental assessment indices of
sewers were introduced, which classified the condition of
sewers in the range of 1 (very good) to 5 (very bad). Finally
structural, hydraulic and environmental indices are combined
according to different scenarios proposed to prioritize for
inspection activities. In the present study, a part of Tehran
wastewater collection network was investigated. It was found
that 0.2% of the length of the pipes was in excellent conditions
and 3.3% were in very bad conditions and the rest are in the
conditions between. According to the results of the sensitivity
analysis on the index coefficients, the structural index was
identified as the most effective index in the prioritization
program and its precise determination should be considered.
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Table 1- Classification of structural deterioration models
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Model

Characteristics

Considerations

Physical models

Such models require a lot of information

Given the complexities of pipe
failure mechanisms, it is
difficult and often impossible
to develop accurate physical
models (Ko6nig, 2005).

In these models, by imitating the human mind
in empirical learning, attempts are made to
develop a model for simulating and predicting
of failure in pipes by using experimental data.

Artificial intelligence
models

To use these models, extensive
data is needed to train the
model as well as the
appropriate computer
equipments (Tran et al., 2009).

Due to the problems of physical and artificial

intelligence models, statistical models have
been developed that are able to use existing
data and have been used in many other
infrastructures (including pavements, gas

Statistical models

In these models, qualitative
aspects are ignored. They also
have limitations in dealing with
dissimilar data.

pipes, etc.) (Ariaratnam et al., 2001).
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Table 2- Performance of different types of pipes against different hazards
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External factors

Material -
External corrosion

Internal corrosion

Vertical forces Dynamic forces

Reinforced concrete Fair
Ductile iron Average

HDPE Good

PVC Good

Vitrified clay Good

Fair Good Good

Average Good Good

Good Fair Fair
Good Average Average
Good Average Average
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Table 3- Scoring method of components considering their burial depth and material
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Burial depth (m)

Material

From5 From3to5and from From2to3and from From8 From1to 2and more
performance t0 6 6t 7 7t0 8 t09 than 9
Good 1 2 2 3 3
Fair 2 2 3 3 4
Average 2 3 3 4 4
Partly bad 3 3 4 4 5
Bad 3 4 4 5 5
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Table 4- Scoring method of structural indices
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Condition (Score)

Parameter

Excellent (1) Good (2) Average (3) Bad (4) Very bad (5)
Age (year) 0-40 40-80 80-100 100-120 120>
Length (percent of the length of 0-20 20-40 40-60 60-80 80-100
the longest sewer)
Slope (%) 20-25 15-20 10-15 5-10 0-5
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Table 5- Scoring method of hydraulic indices
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Condition (Score)

Parameter Excellent (1) Good (2) Average (3) Bad (4)  Verybad (5)
0.5<V<0.75 0.3<V<05  0.15<V<0.3
Velocity (m/s) 0.75<V<4.6 and and and V<0.15
4.6<V/<5.1 51<V<56  5.6<V<6.1
20< h/d<40 7.5< h/d<20 2 5<
h/d (%) 85< h/d<40 and and h d. <75 h/d<2.5
85< h/d<95 95< h/d<100 :
Leakage or penetration
performance (in 0-20 20-40 40-60 60-80 80-100

percentage of maximum
value)
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Table 6- Scoring method of environmental indices
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Condition (Score)

Parameter

Excellent (1) Good (2) Average (3) Bad (4) Very bad (5)
Not under . . Freeway or
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Z coefficient Z <5000 5000 < Z < 7500 7500 < Z<10000 10000 < Z < 15000 Z > 15000
Land use Commercial, Industrial or Educational
around the Wasteland Residential administrative and overnmental or
pipe service g therapeutic
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.= 0.2 \a
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Table 7- Indicator coefficients in prioritization scenarios for inspection
38 &0 gyl SWgr L )3 Bl culps Y Jgaa

. Scenario
index
1 2 3 4 5 6 7 8 9 10 11 12 13
Structural 1 0 0 1 0 1 1 2 1 2 2 1
Hydraulic 0 1 0 1 1 0 1 1 2 1 2 1
Environmental 0 0 1 0 1 1 1 1 1 1 2 2

YRR oyl ¥ o5lons 5l Jlw ol p1] ST ailio ol
Volume 16, No. 2, Summer 2020 (IR-WRR)

VoA



Fig. 2- The exact area of the network studied
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Table 8- Logistic coefficients of the obtained equations
el Cowats CYBlre (S Culpd —A Jgun

Independent variable

Logistic coefficients

Intercept (By) Age (B1) Length (B,) Slope (B3) Material-Burial depth (B4)
Regression 75.539 12568 -5.628 -5.113 -2.205
State 1 to state 5 coefficients
Standard error 591.017 295.372 1.649 2.447 1.489
Wald 0.016 0.002 11.651 4.367 2.397
Regression 70.816 -11.754 -5.008 -4.98 -1.792
State 2 to state 5 coefficients
Standard error 590.991 295.371 1.487 2.329 1.344
Wald 0.014 0.002 11.341 4574 1.778
Regression 16.524 2.176 -2.333 -1.929 -1.379
State 3 to state 5 coefficients
Standard error 929.981 646.972 0.913 1.297 1.008
Wald 0 0 6.533 1.05 1.871
Regression 2.329 1.427 -1.17 0.762 -0.997
State 4 to state 5 coefficients
Standard error 818.768 409.364 0.774 1.335 0.938
Wald 0 0 2.287 0.325 1.13
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Table 9- Prioritize inspection based on being critical in most scenarios
g yLuw 51 (5 ol 31an3 )3 (5392 (2w bl g2 (w5l gy glsl -4 Jga

%‘J- Pipe Sum of -5'9 Pipe Sum of 'O._E’ Pipe Sumof = Pipe Sum of '6-9 Pipe Sum of
] number  squares 3 number  squares i number  squares Z number  squares Z number  squares
266 201 119 55 175 178 81 140 237 119 117
267 201 120 58 175 179 90 140 238 138 117
268 201 121 67 175 180 91 140 239 140 117
280 201 122 68 175 181 93 140 240 160 117
287 201 123 89 175 182 94 140 241 195 117
292 201 124 130 175 183 99 140 242 12 112
238 200 125 131 175 184 100 140 243 14 112
276 200 126 171 175 185 103 140 244 20 112
2 196 127 173 175 186 104 140 245 72 112
105 196 128 185 175 187 110 140 246 92 112
116 196 129 186 175 188 111 140 247 96 112
158 196 130 236 175 189 114 140 248 101 112
34 194 131 242 175 190 115 140 249 102 112
35 194 132 247 175 191 117 140 250 112 112
39 194 133 263 175 192 118 140 251 113 112
65 194 134 277 175 193 121 140 252 120 112
66 194 135 33 173 194 122 140 253 123 112
87 194 136 60 173 195 124 140 254 125 112
106 194 137 73 173 196 132 140 255 135 112
127 194 138 98 173 197 133 140 256 143 112
128 194 139 139 173 198 136 140 257 145 112
149 194 140 141 173 199 137 140 258 147 112
150 194 141 183 173 200 144 140 259 163 112
151 194 142 184 173 201 146 140 260 194 112
203 194 143 190 173 202 154 140 261 196 112
235 194 144 206 173 203 156 140 262 199 112
269 194 145 207 173 204 157 140 263 209 112
270 194 146 229 173 205 165 140 264 212 112
289 194 147 51 168 206 175 140 265 220 112
240 193 148 57 168 207 177 140 266 223 112
286 193 149 174 168 208 178 140 267 224 112
162 189 150 5 166 209 179 140 268 225 112
1 187 151 181 166 210 187 140 269 226 112
4 187 152 244 161 211 193 140 270 290 112
24 187 153 245 161 212 197 140 271 46 109
37 187 154 6 159 213 200 140 272 109 109
52 187 155 23 159 214 208 140 273 231 109
159 187 156 61 159 215 210 140 274 232 109
180 187 157 161 159 216 211 140 275 249 109
192 187 158 164 159 217 213 140 276 250 109
205 187 159 237 154 218 239 140 277 251 109
218 187 160 246 154 219 243 140 278 256 109
271 187 161 254 154 220 255 140 279 257 109
170 182 162 221 153 221 42 134 280 260 109
74 177 163 7 145 222 148 134 281 262 109
75 177 164 10 145 223 252 134 282 45 106
76 177 165 56 145 224 8 133 283 18 102
83 177 166 129 145 225 13 133 284 21 102
97 177 167 215 145 226 219 133 285 70 102
142 177 168 296 145 227 222 133 286 82 102
155 177 169 22 140 228 291 133 287 134 102
166 177 170 49 140 229 107 126 288 176 102
167 177 171 62 140 230 153 126 289 15 92
198 177 172 69 140 231 188 126 290 16 92
9 175 173 71 140 232 253 126 291 258 91
48 175 174 7 140 233 216 121 292 259 91
50 175 175 78 140 234 44 119 293 17 59
53 175 176 79 140 235 11 117
54 175 177 80 140 236 95 117
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Fig. 3- Trend of sewers conditions in all scenarios
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Table 10- Sensitivity analysis on the significant coefficients of the indices
B yad i Coodl cul b (85, 7 Camwbues Jalosi =Y+ Jou
Analysis Structural Hydraulic Environmental Total inspection Percentage of changes in inspection
step index index index length (m) length relative to step zero (%)
0 1 1 1 8182.54 0
1 1+25% 1 1 10738.38 31.2
2 1 1+25% 1 8492.19 3.8
3 1 1 1+25% 8095.11 -1.1
4 1+50% 1 1 11352.61 38.7
5 1 1+50% 1 8543.44 4.4
6 1 1 1+50% 7339.92 -10.3
Table 11- Results of Regression Model Efficiency Test
09wy Jde gl (g0il gl - Jgo
Validity test
Model -
-2 Log Likelihood X, Degrees of freedom p-value
Without independent variable 149.65
Final 73.12 76.53 16 0.0001
Table 12- Goodness of fit test results of deterioration model
J19j Jse (il (2550 (y905) @l VY Jgua
RZyer  Upper limit  Lower limit  R2¢gs  Upper limit  Lower limit
Calibration category 0.64 1 0 0.81 0.92 0
Verification category 0.57 1 0 0.64 0.78 0
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