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Fig. 1. Distribution of pore pressure inside the base of model

generated from a diversion dam with a hydromechanical
interaction in Abaqus
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Fig. 3. The distribution of uplift load below dam in absence of
according to the USACE code grout curtain
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Fig. 2. The calculated values of the head water level below the
diversion dam
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Fig. 8. The distribution of normal effective stresses in rock
interface of 250 meters Pine Flat dam in absence and presence
of grout curtain
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Fig. 9. The distribution of normal stresses in 122 meters Pine
Flat dam body in absence of grout curtain in USACE model

r.x;c,ll;-):L;);A\YYcnuwg,\.ﬂmg(.:léui;s@j}:.h s

afiﬁdu\a_)} &)J':aéﬁjj.é?-

"
LLAAAAANLY
AV
L L\

-8.741e+05
“1.090e + D6
-1.306¢ D6
-1.523e+06
-1.73%9e+06
“1.9550 + D6
~2.171e+06
-2.388e+06
-2.604e+06

Fig. 10. The distribution of normal stresses in 122 meters Pine
Flat dam body in absence of grout curtain in Advanced model
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Parameter Value
density of concrete 2482 kg/m®
poisson’s ratio of concrete 0.2
elasticity of of modulus 22 4 GPa
concrete
of elasticity of- modulus 9.333 GPa
foundation
density of foundation 2642 kg/m®
poisson's ratio of foundation 0.33

permeability of material
foundation in all directions

Table.1. Parameter values for modeling parameters values
for modelling materials of the sample dams
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Fig. 6. The distribution of normal effective stresses in rock
interface of 40 meters Pine Flat dam in absence and presence
of grout curtain
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Fig. 7. The distribution of normal effective stresses in rock
interface of 122 meters Pine Flat dam in absence and presence
of grout curtain
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RMSE in RMSE in
Sample dam Modeling  absence  presence
height (m)  approach  of Grout  of Grout
Curtain Curtain
USACE
40 Model 0.03 0.07
USACE
122 Model 0.16 0.23
USACE
250 Model 0.38 0.43

Table. 2. Error rate of USACE model in calculating of
normal effective stresses in rock interface dam with different
heights in the presence and absence of grout curtain

1 Root Mean Square Error (RMSE)
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Fig. 12. The proposed distribution of uplift load below dam in
presence of grout curtain
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Fig. 13. The distribution of normal effective stresses in rock

interface of 40 meters Pine Flat dam in absence and presence
of grout curtain

&);a:ﬁj‘}&r&)‘)r&}dbjzdfu\“

—— Advanced Model_without GC
Proposed Model_without GC

—4—— Advanced Model_with GC

0 —— Proposed Model_with GC

NORMAL STRESS (MPA)

UPSTREAM

DAM BASE DOWNSTREAM

Fig. 14. The distribution of normal effective stresses in rock
interface of 122 meters Pine Flat dam in absence and presence
of grout curtain
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Abstract:

Gravity dams are vital structures whose proper design and evaluation for stability are quite important. One of
the effective forces on stability of concrete dams is the uplift force and its distribution below the dam base.
Uplift pressure resulting from headwater and tail-water not only exists through dam cross sections and the
dam base, but also within the foundation below the dam base. In many gravity dams uplift pressure is the
major active force that must be included in the stability and stress analysis to ensure structural adequacy.
There have been different methods employed since past to the present to assess and calculate the uplift load.
In each of these methods, depending on the degree of simplification, the accuracy of the answers will be
reduced. Due to the limitations of each of these methods, available numerical methods may be used
nowadays to estimate the values of pore pressure within the porous medium. As far as seepage forces have a
great effect on stability of gravity dams, understanding the seepage in rock masses has a great importance,
because the gravity dams are generally built on rock foundations. The actual influential phenomenon
encountered in saturated jointed rock media is the joints hydro-mechanical interaction effect. Finite element
method as a general and systematic method is one of the most common numerical methods for solving
engineering problems. Also, this method has significant application in hydraulic and hydrodynamic
problems. In addition, the uplift load pattern and distribution according to common codes are influenced by
some factors such as head and tail water, assuming a segmented linear load distribution below the dam. In
this research, to investigate the sensitivity of the load pattern to dam height, a number of gravity dams of
Pine Flat type with different heights and their foundations are modeled. An enhanced modeling approach is
employed to estimate the equivalent uplift load distribution at the dam base for application in the standard
finite element modeling procedures. Coupled p-u finite element analysis is performed accounting for the
seepage and stress field simultaneously. Dam body is considered to be completely impervious. The
foundation rock is assumed as homogeneous and uniform, in terms of elasticity and permeability. The
stresses generated in the dam interface for each case of the coupled hydro-mechanical analysis is compared
against that of the conventional load pattern according to the U.S. Army Corps of Engineers regulation for
the same dam model. It was found that the error magnitude due to the conventional pattern has a direct
relationship with the dam height. As the dam height increases, the amount of error of calculated stress
increases. In particular, the error at the critical zones of the foundation such as at the dam heel, may raise
even up to 40%. In the group of dams studied, the error increases even up to 12 times in respect to the
expected error in the shorter dams. The deficiency could in some cases completely affect the safety of the
dam. This research indicates the necessity of using more accurate methods of estimating uplift load under
high gravity dams.

Keywords: Uplift, Gravity Dam, USACE, Finite Element
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