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Evaluation of Total Stress and Arching Coefficient by Back Analysis
with Result of Stepwise Construction
(Case Study: Marvak Earth Dam)

Mehdi Komasi!, Behrang Beiranvand? Ahmadreza Mazaheri®

Abstract

Arching in core dam can reduce tension and create scour and clay scrub damage, so it is always a
major issue in the earth's dams. In this research, Geostudio software, which is a powerful software
for limited components, is used to study the total stress and aridity coefficient of Marvak earth
dam. In modeling the dam, a Mohr-Coulomb behavioral model has been used and the effect of the
construction has been considered. By analyzing the stress-strain during the construction of the dam
and the effect of the construction, the results of total stress and arching coefficient were evaluated
and compared with the results of the instrumentation. Multivariate regression and coefficient of
determination were used to fit the observed and predicted data and the value of R?= 0.9834 was
obtained, which is a very good agreement between the observed and predicted arching data. The
results indicate that as the embankment increases, the total stresses also increase, and the highest
arching percentage from the beginning to the end of the construction phase is 58 percent and at the
third of the core of the foundation. Due to the great effect of consolidation on the arching severity,
the speed of construction should be chosen in such a way as to be part of the consolidation of the
underlying layers before the upper layers are applied. It is also possible to reduce arching by
choosing the appropriate filter between the core and the shell and using materials with a Poisson's
ratio.

Keywords: Back Analysis, Geostudio Software, Marvak Earth Dam, Stress, Arching
Coefficient
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Abstract

Arching in the core dam can reduce tension and create scour and clay
scrub damage, so it is always a major issue in the earth's dams. In this
research, Geostudio software, which is a powerful software for limited
components, is used to study the total stress and aridity coefficient of
Marvak earth dam. In modeling the dam, a Mohr-Coulomb behavioral
model has been used and the effect of the construction has been
considered. By analyzing the stress-strain during the construction of the
dam and the effect of the construction, the results of total stress and
arching coefficient were evaluated and compared with the results of the
instrumentation. Multivariate regression and coefficient of determination
were used to fit the observed and predicted data and the value of R?=
0.9834 was obtained, which is a very good agreement between the
observed and predicted arching data. The results indicate that as the
embankment increases, the total stresses also increase, and the highest
arching percentage from the beginning to the end of the construction phase
is 58 percent and at a third of the core of the foundation. Due to the great
effect of consolidation on the arching severity, the speed of construction
should be chosen in such a way as to be part of the consolidation of the
underlying layers before the upper layers are applied. It is also possible to
reduce arching by choosing the appropriate filter between the core and the
shell and using materials with a Poisson's ratio.

1. Introduction

Behavior measurement of dams leads to the evaluation of design parameters, risk mitigation, quality
control during construction, as well as careful evaluation of stability in the early period of operation
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and long-term operation. Due to the absence of external loads during the construction of stress changes,
pore pressure and settlement are the most important factors that can be evaluated.

2. Materials and Methods

To analyze the stress and strain in this research, Geostudio software based on finite elements and the
body structure of the dam has been used. This program works on the assumption of Darcy's law and for
two-dimensional flow with the help of the Laplace equation. The boundary conditions considered for
the model include limiting the vertical displacement on the bedrock and limiting the horizontal
displacement at the two ends of the model. The border conditions include zero flow at the vertical
boundaries and the lower horizontal boundary. The potential line is defined in the downstream level of
the stream floor code and for the upstream, the potential line in the normal level is determined according
to the water level of the reservoir. In the analysis, 2939 elements and 3018 nodes in the dam body have
been used. In Marvak Dam, due to the increase of pore water pressure in the core of the dam and also
the presence of a sealing wall at different levels, the network of elements in the core and the cut-off
wall is considered smaller than other points. Also, square elements in the finite element network and
the standard boundary conditions in the program for model boundaries are used. Results

3. Discussion and Conclusion

Given that the output of Geostudio software is related to the end of the construction phase, so the output
of the software is evaluated with instrumentation results at the end of the construction phase, ie in 2012
and after 1200 days from the start of construction that the construction of the dam is completed and still
It is not impounding. The results of stress changes of the whole instrument and Geostodio software are
shown in the upper level of the dam (1605). The maximum amount of vertical stress read in the
piezometer above the dam core is 120 kPa from the construction stage, and the results obtained from
the software are 125 kPa, which has an error of less than 5%. There is also a good 95% correlation
between the results of the instrument and the software. The difference in vertical stress in the PC10
instrument at the bottom of the core is 150 kPa, which can be due to time-dependent pore water pressure
changes in the dam core.
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