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Abstract

An underground deep tunnel system is a facility in form of a reverse siphon for an under flood defense structure. In this study, the
‘Shinwol rainwater storage and drainage system’, which is under construction for the first time in South Korea, in order to confirm the
effects of undular bore and pressurized air on the hydraulic stability of the facility in various flood scenarios a hydraulic model
experiment was performed. As a result of this study, it was analyzed that the undular bore generated downstream pushed the pressurized
air collected in the facility while moving upstream, and the pressure inside the pipe increased at this time. It was analyzed that the
pressure during the passage of the undular bore was greater than the sum of the static pressure and dynamic pressure at the time and
overflow occurred when the cross-sectional size of the pressurized air was more than 40% of the cross sectional area of the tunnel. It is
determined that this is correlated with the volume of pressurized air collected in the facility, and it is determined that it is necessary to
study the relationship between velocity of undular bore and the volume of pressurized air in the future.
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Fig. 1. Facilities of deep tunnel system (Oh, 2018)
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Table 2. Scales for each variables of froude similarity (Oh, 2019)

Variables Froude Similarity Scale
Length L, 1/50
Area L? 1/2,500
Volume L} 1/125,000
Time LY? 1/7.07
Velocity L 1/7.07
Discharge L,ﬁr’/ : 117,677
Pressure L, 1/50
Manning’n Lrl/ 6 1/1.92
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Table 3. Experimental scenarios for inlet flow rate and residual amount in tunnel (Oh, 2019)

Inlet flow amount (A)

Residual amount in tunnel (B)

(A)H(B)/2.78 m®

Scenario No. . Total inlet flow .. Total amount Ratio of total amount
Condition No. (D) Condition No. (m’) ( i sy
P30-R0 0% RO 0.00 1.0
P50-R10 10% R10 028 1.1
P50-R20 20% R20 0.56 12
P50-R30 30% R30 0.83 13
P50-R40 40% R40 111 1.4
PSO-RSO__| ¢ o]yi??ezzr?g;n:;‘/ sl:;ul) P50 278 50% R50 139 15
P50-R60 60% R60 1.67 16
P50-R70 70% R70 1.95 1.7
P50-R80 80% RS0 222 18
P50-R90 90% R90 250 1.9
P50-R100 100% R100 278 2.0
P30-R0 0% RO 0.00 09
P30-R10 10% R10 028 1.0
P30-R20 20% R20 0.56 1.1
P30-R30 30% R30 0.83 1.2
P30-R40 40% R40 111 13
P30-R50 G Ojgtyf"r;fuﬁi‘;“:f/ IS}:oul) P30 2.50 50% R50 139 1.4
P30-R60 60% R60 1.67 1.5
P30-R70 70% R70 1.95 16
P30-R80 80% RS0 222 1.7
P30-R90 90% R90 250 18
P30-R100 100% R100 278 1.9
P20-R0 0% RO 0.00 0.8
P20-R10 10% R10 0.28 09
P20-R20 20% R20 0.56 1.0
P20-R30 30% R30 0.83 1.1
P20-R40 40% R40 111 1.2
PARSO |, Ofg‘ﬁ:;uﬁocr;‘;‘f/ lsiroul) P20 222 50% R50 139 13
P20-R60 60% R60 167 14
P20-R70 70% R70 1.95 1.5
P20-R80 80% RS0 222 16
P20-R90 90% R90 250 1.7
P20-R100 100% R100 278 18
P10-RO 0% RO 0.00 0.7
P10-R10 10% R10 028 0.8
P10-R20 20% R20 0.56 0.9
P10-R30 30% R30 0.83 1.0
P10-R40 0% of 100mmm/ e 40% R40 111 1.1
P10-R50 (10yr. frequency of Seouly | 710 1.95 50% R50 139 12
P10-R60 60% R60 1.67 13
P10-R70 70% R70 1.95 14
P10-R80 80% RS0 222 1.5
P10-R90 90% R90 250 16
P10-R100 100% R100 278 1.7
P5-RO 0% RO 0.00 06
P5-R10 10% R10 0.28 0.7
P5-R20 20% R20 0.56 0.8
P5-R30 30% R30 0.83 0.9
P5-R40 40% R40 111 1.0
P5-R50 ( Syi??e:flir?g;n;?/ Sliléul) P5 1.67 50% R50 1.39 1.1
P5-R60 60% R60 1.67 12
P5-R70 70% R70 1.95 13
P5-R80 80% RS0 222 1.4
P5-R90 90% R90 250 1.5
P5-R100 100% R100 278 16
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. @ Piogal @ Pgatic @ Pgynamic @ P, (KPa) Ratio of pressure . .
Scenario No. (KPa) (KPa) (Klia) (@-0D-0-0) (@P/DPy) Hydraulic stability secured or not
P50-RO 0.05960 0.01961 0.00409 0.03589 0.602 H.S. secured
P50-R10 0.06760 0.01961 0.00310 0.04489 0.664 H.S. not secured
P50-R20 0.07320 0.01961 0.00728 0.04631 0.633 H.S. not secured
P50-R30 0.09280 0.01961 0.00639 0.06679 0.720 H.S. not secured
P50-R40 0.10280 0.01961 0.00568 0.07751 0.754 H.S. not secured
P50-R50 0.10880 0.01961 0.00836 0.08083 0.743 H.S. not secured
P50-R60 0.11240 0.01961 0.00728 0.08551 0.761 H.S. not secured
P50-R70 0.09480 0.01961 0.00506 0.07013 0.740 H.S. not secured
P50-R80 0.06960 0.01961 0.00371 0.04627 0.665 H.S. not secured
P50-R90 0.06360 0.01961 0.00339 0.04060 0.638 H.S. secured
P50-R100 0.04400 0.01961 0.00262 0.02177 0.495 H.S. secured
P30-RO - - - - - Only storage
P30-R10 0.01080 0.00981 0.00371 -0.00272 -0.252 H.S. secured
P30-R20 0.01520 0.01373 0.00339 -0.00191 -0.126 H.S. secured
P30-R30 0.00880 0.00785 0.00371 -0.00276 -0.314 H.S. secured
P30-R40 0.09680 0.01961 0.00409 0.07309 0.755 H.S. not secured
P30-R50 0.10080 0.01961 0.00454 0.07665 0.760 H.S. not secured
P30-R60 0.12640 0.01961 0.00506 0.10173 0.805 H.S. not secured
P30-R70 0.11880 0.01961 0.00567 0.09352 0.787 H.S. not secured
P30-R80 0.13280 0.01961 0.00506 0.10813 0.814 H.S. not secured
P30-R90 0.01520 0.01471 0.00567 -0.00518 -0.341 H.S. secured
P30-R100 0.01560 0.01569 0.00639 -0.00648 -0.416 H.S. secured
P20-RO - - - - - Only storage
P20-R10 - - - - - Only storage
P20-R20 0.00880 0.00785 0.00065 0.00030 0.034 H.S. secured
P20-R30 0.01240 0.01177 0.00182 -0.00119 -0.096 H.S. secured
P20-R40 0.01640 0.01569 0.00409 -0.00338 -0.206 H.S. secured
P20-R50 0.09680 0.01961 0.00639 0.07079 0.731 H.S. not secured
P20-R60 0.06960 0.01961 0.00506 0.04493 0.646 H.S. not secured
P20-R70 0.06560 0.01961 0.00567 0.04032 0.615 H.S. not secured
P20-R80 0.01640 0.01569 0.00409 -0.00338 -0.206 H.S. secured
P20-R90 0.01600 0.01177 0.00371 0.00052 0.032 H.S. secured
P20-R100 0.02440 0.01471 0.00339 0.00630 0.258 H.S. secured
P10-RO - - - - - Only storage
P10-R10 - - - - - Only storage
P10-R20 - - - - - Only storage
P10-R30 - - - - - Only storage
P10-R40 0.03160 0.01667 0.00371 0.01121 0.355 H.S. secured
P10-R50 0.03600 0.01961 0.00409 0.01229 0.341 H.S. secured
P10-R60 0.08300 0.01961 0.00284 0.06555 0.745 H.S. not secured
P10-R70 0.11200 0.01961 0.00567 0.08672 0.774 H.S. not secured
P10-R80 0.07560 0.01961 0.00224 0.05374 0.711 H.S. not secured
P10-R90 0.03400 0.01373 0.00409 0.01618 0.476 H.S. secured
P10-R100 0.01520 0.01177 0.00284 0.00059 0.039 H.S. secured
P5-RO - - - - - Only storage
P5-R10 - - - - - Only storage
P5-R20 - - - - - Only storage
P5-R30 - - - - - Only storage
P5-R40 - - - - - Only storage
P5-R50 0.01080 0.01079 0.00409 -0.00408 -0.378 H.S. secured
P5-R60 0.01240 0.01177 0.00371 -0.00308 -0.249 H.S. secured
P5-R70 0.02160 0.01569 0.00371 0.00220 0.102 H.S. secured
P5-R80 0.01800 0.01373 0.00339 0.00089 0.049 H.S. secured
P5-R90 0.01680 0.01569 0.00371 -0.00260 -0.155 H.S. secured
P5-R100 0.01840 0.01667 0.00409 -0.00236 -0.129 H.S. secured
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