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INCAH and dgFlow
In the Dutch Knowledge for Climate research program as part of the Infrastructure
Networks Climate Adaptation & Hotspots (INCAH) project, a new computer model
dgFlow is developed. The model couples an agro-meteorological model to a groundwater
flow model. The calculated water pressure fields support a stability analysis of the
embankment slopes and the analysis of bearing capacity of pavement and verges
(Figure 3). The model is applied in two case studies.

Legend: (A) Vertical cross section with soil layers and loads (red). (B) Water level, left side of the road (input). (C) Groundwater
level piezometer 1 (calculated). (D) Meteorological data; rainfall (input). (E) Safety Factor (calculated).

Figure 3: Stability analysis of the embankment slopes and the analysis of bearing capacity of pavement and verges
Figure 1: Area analysed in case study Rotterdam Noord

For a given location the safety factor for slope stability depends on (Figure 4):

Case study Rotterdam Noord
The study involved owners of infrastructure and representatives responsible for
flood protection. The area of study was in Rotterdam Noord (Figure 1). Effects
of flooding on road, electricity, sewage and drinking water infrastructure were
analyzed The dgFlow model was used to assess the impacts of flooding on the
road network. Flooding was assumed as a result of a breach in the Schie dike for 5
days (Figure 2). Cascading effects of failure of one type of infrastructure on other
types have been identified.

• duration of flooding: The longer the duration, the higher the degree of saturation
of the embankment. High degrees of saturation represent low soil strengths and
low factors of safety for slope stability.
• rate of withdrawal: The higher the rate of withdrawal, the larger the difference in
pressure of groundwater trapped inside the road embankment and the level of the
falling water. Large differences in groundwater pressure lead to large decreases
of the safety factor.

Legend: Calculated Safety Factor
as function of time (Days after the
start of the flooding. After 5 days the
water is withdrawn from the area.

Figure 2: Water depth
after 5 days of flooding

Figure 4: Safety factor depending on duration of the flood and rate of withdrawal

(breach in the Schie dike)

Future developments
Case study typical Dutch Highway locations
A case study into the effect of flooding on slope stability of Dutch highways led to
the conclusions about indicators for critical locations:
• Low strength materials such as peat in the top 3 m.
• Ditches, waterways and ponds near a road embankment.
• A steep slope angle.
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Further details

Based on this case study future developments may be geared towards application
in multi-stakeholder environments. For this purpose the dgFlow model may be
extended to other types of infrastructure, and corresponding failure mechanisms.
Progress can be made in deriving model input and calibration from sources such
as remote sensing and non-intrusive terrestrial methods. Real-time groundwater
level observations and weather and water level forecasts can be combined to make
prediction of impacts on infrastructure to support management of these extreme
events.

Further details are given in the article to be published on European Journal of Transport and Infrastructure Research (http://www.ejtir.tudelft.nl/)
‘Assessment of Road Stability Following Flooding or Extreme Rainfall’. Or mail the authors: bert.sman@deltares.nl

