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Optimal Sewer Network Design Considering Resilience: Resulting
Design Comparison for Different Level of Failure Depth
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Abstract

We are recently observing that traditional probaility-based on design of urban drainage network often fails because more frequent
occurrence of catastrophic heavy rainfall event from global climate change. Therefore, it is very critical to consider system’s
ability to prepare, react, and recover from a failure (i.e., resilience) in urban drainage network design. This study proposes a
resilience-constrained optimal design model of urban drainage network which minimizes total system cost while satisfying a
predefined level of failure depth (i.e., resilience measures). In addition, failure (i.e., flooding) depth refers to the level of degradation
in system performance. Optimal layout and pipe sizes are identified by the proposed model comprised of Harmony Search
Algorithm (HSA) for optimization and Storm Water Management Model (SWMM) for dynamic hydrology-hydraulic simulation.
The proposed model is demonstrated through the design of two hypothetic networks. In addition, The resilience-based design
obtained is compared to the least-cost design obtained with no resilience consideration with respect to optimized layout and
pipe sizes. it is possible to adopt the optimal sewer network design that satisfying the different level of failure depth by considering
stability and economy in urban drainage systems.
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Fig. 3. Two Hypothetical Networks Used in this Study
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Divisions Value
Conduit length 50m
Sub-catchment area 0.2ha
Surface slope 0.007
Conduit 0.005
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Fig. 5. Pipe Layout and Size Comparison of the Solutions Obtained Under Different Failure Depth Constraints (Examplel
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Table 2. Resilience-constrained Optimal Design Solutions in UDS

Examplel network Example2 network
Robustness design Total system Total flooding |Nodal peak flooding| Total system Total flooding |Nodal peak flooding
solutions cost volume (m’) volume (m') cost volume (m') volume (m')
(thousand won) | (reduction rate, %)| (reduction rate, %) |(thousand won) |(reduction rate, %)| (reduction rate, %)
Failure depth:
non-constrained 31,482 7.324 (-) 0.267 (-) 46,348 11.863 (-) 0.371 (-)
(1st-phase optimal design)
Failure depth: 90%
(2nd-phase optimal 34,204 6.847 (-6.5) 0.226 (-11.0) 49,139 11.121 (-6.30) 0.289 (-22.1)
design)
Failure depth: 80%
(2nd-phase optimal 37,266 6.383 (-12.8) 0.211 (-15.6) 53,101 10.432 (-12.1) 0.271 (-27.0)
design)
Failure depth: 70%
(2nd-phase optimal 42,850 5.865 (-19.9) 0.218 (-18.4) 58,433 9.726 (-18.0) 0.244 (-34.2)
design)
Failure depth: 60%
(2nd-phase optimal 48,195 5.613 (-23.4) 0.205 (-23.2) 64,507 8.943 (-24.6) 0.231 (-37.7)
design)
Failure depth: 50%
(2nd-phase optimal 55,698 5.341 (-27.1) 0.196 (-26.6) 72,988 8.408 (-29.1) 0.221 (-41.4)
design)
0.5 T T 0.5 T T
J p—++Non-constrained model J [+++Non-constrained model
& = Blevel of failure depth (90%) = = eLevel of failure depth (90%)
= 0.4 = © wLevel of failure depth (80%) & 04 = o = Level of failure depth (80%)
g |==2==Level of failure depth (70%) g |~ 2= Level of failure depth (70%)
‘q’; ] [|=e*=Level of failure depth (60%) ‘;’ ] [=e=Level of failure depth (60%)
£ p-x - Level of failure depth (50%) £ - x—x Level of failure depth (50%)
=] =
5 03 5 03
g >° ’%\
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Fig. 7. System Total Flooding Volume Over Time Obtained in the Least-cost Designs with Different Failure Depth Constraints
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