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Fig. |

Cascade failure process of major drainage system in mountainous cities; (a) normal operation of the small drainage system;

(b) occurrence of point overflow and line overflow; (c¢) intensification of point overllow and line overflow; (d) occurrence of surface overflow
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Fig.2  Uncertain boundary conditions of waterlogging process in mountain cities
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Fig.3 Cascade failure scenarios of major drainage systems in mountain cities under different surface environments:

(a) closing surface environment; (b) opening surface environment
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Fig.5 Topography and characteristics of major drainage system in Yuzhong district, China
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Fig.6  Design of 2-hour rainstorm patterns and selected small drainage system damage

thresholds for four return periods in Yuzhong district, China
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Cascading Failure Mechanism of Major Rainwater Drainage
System in Mountainous City: A Case Study of Yuzhong
District of Chongqing, China

HUANG Yong', SUN Ao', ZHU Zhizheng' , XIANG Hengling’

(1. School of Architecture and Urban Planning, Chongqing University, Chongqing 400030, China;
2. General Research Institute of Architectural & Planning and Design Co. , Lid. , Chongqing University, Chongqing 400045, China)

Abstract; Major drainage system is a rainwater drainage system in a city designed to extra-excessive runoff
diversion composed of roads, natural passages, open channels, ponded rainwater ( standing water or stagnant
water ) sites and storage facilities, etc. Due to the openness role of rainwater collecting and discharging process, the
major drainage system is subjected to cascading aftermath, such as uncontrolled overflow, traffic interruption or
inundation in urban land, which contribute to urban waterlogging. There was a lack of research on quantitative
analysis of major urban drainage system, especially for its cascading failure mechanism in mountain cities.

In this study, it took Yuzhong district of Chongqing, China as a case study to investigate the pattern of urban
surface flow in a mountainous city and the inherent cascading failure mechanism of its major drainage system; it
used complex network analysis method to build a cascading failure model to simulate mal-functionality of the major
drainage system in the event of extreme rainstorm.

The results include; (1) The full extent of cascading failure in Yuzhong delineated by simulation was
generally consistent with the waterlogging areas observed in previous years; (2) As other uncertain factors were
unchanged, the open ground environment was able to reduce the function overloading of the major drainage system
and slow down the duration of local inundation and occurrence extent; the open level of the ground environment was
not correlated with the occurrence sites of waterlogging; (3) Surface overflow in certain terrains was more likely to

be drained shortly into the element structures of the major drainage system, particularly more in the case of
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intensified rainstorms; however, the open ground environment restricted this centralized drainage trend as a result of
spatial diversion of surface flow; (4) A small range of depression and flat terrain in the city made surface overflow
flowable to ponding or ramifying, while a large range of undulating terrain speeded up the surface overflow into
drainage storage and impeded it in wandering.

This research provides a scientific basis for planning of major drainage system in mountain cities, as well as

drainage capacity refurbishing and waterlogging preventing.

Key words; mountainous city; waterlogging; major drainage system; cascading failure; overflow propagation;

Chongqing
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