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Fig. 2. The instrumented cross-section H, the different parts of the dam body, and the position of surface subsidence
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Fig. 7. 3D geometry of the meshed model
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Reference Equation Parameters Value for clay core
- Analysis
® : minimum total principal
Mori and Tamura [33] P =0,+4, stress 290 kPa
9, : Undrained Unconfined
Strength
- Analysis
® : minimum total principal
stress
Panah and Yanagisawa [34] p,=@Q+sing )o,+C cosp, c 50 kPa
U :Undrained cohesion
0 30
U :Undrained friction angle
7 : Horizontal total stress Analysis
Jaworski et al. [6] p,=mo, +o, m: line slope 1.5
7. Tensile strength) 80 kPa
%o : minimum total principal Analysis
Ghanbari and Rad [9] p, =mo,+n stress
m 1.05
n 30 kPa
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Table 2. The equations used for determining the hydraulic fracturing pressure and their parameters for clay core of Bidwaz dam
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Abstract:

From a statistical perspective, internal erosion and piping are among the main causes of failure in earth-
rockfill dams. If these dams are located in a narrow valley, the steep slopes of the valley walls can cause
increase in stress transfer in the core. Therefore, the occurrence of hydraulic fracturing phenomenon in this
kind of dams is more probable. Bidvaz dam is an earth-rockfill dam with a thin inclined clay core. The dam
is located in the Northeast of Iran, at a distance of twenty kilometers from the Esfrayen city. It has a height
of 66 meters from the foundation and is constructed in a narrow valley with the width of 40 meters on river
bed, and a wall slope of more than 60 degrees relative to horizontal direction. After about seven and a half
years from the beginning of the first filling, a subsidence was observed at the upstream slope surface of this
dam. The initial assessments, based on the data recorded in instruments which were installed inside the body
and dam foundation, show at the lower level of the core and adjacent to left abutment, pore water pressure
has gradually been increasing and has finally reached to the reservoir water pressure. At the same time,
effective stress reduced to zero, with an abnormal rate. These observations confirm the occurrence of internal
erosion in the lower levels of the core adjacent to the left abutment. Due to the steep valley walls and
noticeable difference of compressibility properties between the core and shell materials, the occurrence of
significant stress transfer in the core is expected, especially adjacent to the valley walls. Therefore, the
hydraulic fracturing can be considered as a main cause initiating the process of internal erosion in this dam.
The main objective of this paper is to assess the validity of this hypothesis. To achieve this goal, a three-
dimensional numerical model was used to simulate the behavior of the dam during construction and reservoir
filling. This model has improved in the environment of a finite difference software, called FLAC3D. In the
formulation of numerical model, the flow and mechanical equations have been solved simultaneously. The
3D model has been calibrated based on the recorded data from the instruments. Using a number valid
suggested theoretical and empirical relationships, hydraulic fracturing potential have been calculated and the
contour distribution of fracturing pressure at upstream side of the core has been presented. Also, the contour
distributions safety factor against the occurrence of hydraulic fracturing phenomenon were determined for all
of the suggested relationships, at the upstream side of the core. The findings show that, as expected, the steep
slopes of valley walls and the difference of the compressibility properties of the core and the shell materials
caused significant stress transfer at lower parts of the core and adjacent to the valley walls. Moreover, the
values of safety factors against the occurrence of hydraulic fracturing phenomenon in upstream side of the
core are less than unity near the walls. So, the hydraulic fracturing phenomenon is one of the main causes
initiating the process of internal erosion in the core.

Keywords:Embankment dams, Internal erosion, Arching, Hydrulic fracturing
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