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Material Density 

(kg/m
3
) 

Static 

deformation 

modulus 

(GPa) 

Dynamic 

deformation 

modulus 

(GPa) 

PoissonÕs 

ratio 

c (kPa) ! (¡) Tensile 

strength 

(MPa) 

Concrete  2400  20  30  0.2  -  -  -  

Bedrock  2800 25  30  0.25  -  -  -  

Water  1000    0.5  -  -  -  

Dam / 

foundation 

interface 

-  -  -  -  0  45  0  

Table 2: Material parameters used for the modeling 

5( Self-weight calculation 

The analysis of self-weight calculation is mandatory for high arch dams made of Roller 

Compacted Concrete!(RCC). Moreover, the downstream slope of Janneh dam is steeper than 

that one of a straight gravity dam, which makes it more sensitive to sequential changes of 

structural system during construction. In this study, a time step of 56 days is used to simulate 

each of the 10 approximated layers of construction. The relationship of time dependent strain 

model !"#$ due to the varying load scheme is given by [1]: 

%"&$ ' (%)* & (+(%, &  (1) 

 

The elastic strain %)*"&$ is: 

%)*"&$ '
-"&$
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 (2) 

 

Where .,/ ' 01(234 is given by [3] and -"&$ is the stress history given by the load due to 

the layer construction stages. According to the formulation text, the thermal effects and 

shrinkage are neglected. Under a constant 56  the creep strain !6 evolves as follows: 

!6 & 7 &8 '
56
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Where 9 & 7 &8  is given according to eq. 5.1-71a [4]:  
 

9 & 7 &8 ' 9:
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For the standard conditions, in the absence of specific creep data for local aggregates and 

conditions, the average value proposed for the ultimate creep coefficient >?  is @A0; 

according eq. ( A-19) [5]. The principle of superposition is assumed to be valid and the 

numerical viscoelastic model [6] uses a Prony series representation of creep data according to 

[4]. 

6(Static analysis 

The static analysis of this arch dam is carried out for self-weight and hydrostatic pressure of 

the impounded water at NWL at 839m. The downstream water level is considered at the 

bedrock level: 690m. More details are included in results and survey files attached.  
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7.1(Non-Linear pseudo-static analysis based on the site response spectrum acceleration  

 

The calculations are based on a non-linear model conforming to the model described in 

previous section 6.2 whose results are considered as the initial state of the calculations.  

The calculations are carried out considering the following:  

¥! The seismic inertia load is applied subsequently toward downstream and then toward 

upstream;  

¥! The hydrodynamic pressure is calculated according to WestergaardÕs approach;  

¥! When the seismic inertia load is applied toward upstream, so is the WestergaardÕs 

hydrodynamic pressure. The water static pressure is directed toward downstream;  

¥! The foundation is considered massless.  

The 1st eigenmode period is 0.39 (s) and its modal mass is equal to 57.8 % of total mass. 

According to the response spectrum given by the formulators, the related pseudo-acceleration 

is 6.65 B CD. 

 

   
Figure 13: Section B-B Figure 14: Maximum vertical 

stress calculation points !

Figure 15: Maximum arch 

stress calculation point  

!

Block Maximum horizontal us-to-ds displacement at the crest 

Inertia towards downstream (mm) Inertia towards upstream (mm) 

.)- "'#) ,&!#) 

.% &&#" ,+&#$ 

 

Table 13: Maximum horizontal us-to-ds displacement at the crest 

 

Elevation 

m.a.s.l. 

Maximum vertical stress at B0 

Inertia towards downstream (MPa) Inertia towards upstream (MPa) 

"&"#)- ,)#$() )#$() 

"!&#% ,!#')) !#(%) 

 

Table 14: Maximum vertical stress at B0 

 

Elevation 

m.a.s.l. 

Maximum arch stress at B0 

Inertia towards downstream (mm) Inertia towards upstream (mm) 

779,0 -5.5  0.6 

 

Table 15: Maximum arch stress at B0 
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7.2(Linear time-history analysis with simplified dynamic interactions  

 

The calculations are based on a linear model: the dam is attached to its foundation. The input 

is a set of accelerograms provided by the formulators. The generalized WestergaardÕs added 

masses EF<GH are used to simulate the fluid-structure interaction. The foundation is considered 

massless and the damping parameter is equal to 5% (dam and foundation).  

The added masses are x-directed. The seismic analyses are carried out for the OBE event. The 

model superposition method is based on the first 12 modes shown in table 16. The considered 

modes cumulate, in x-direction, 93% of the total mass. 

 

Mode 1 2 3 4 5 6 7 8 9 10 11 12 

Eigenfrequency 

(cycle/s) 

2.87 4.16 5.30 5.7 6.70 6.91 6.97 7.60 8.53 8.83 9.78 9.93 

Modal mass % 54.0 0.00 4.19 25.7 0.00 0.00 0.01 0.00 0.14 0.84 0.05 8.05 

 

Table 16: Eigenmodes used in the model superposition method 

  

Block Maximum horizontal us-to-ds displacement at the crest 

Inertia towards downstream (mm) 

.)- +(#) 

.% !&#+ 

 

Table 17: The maximum upstream-to-downstream displacement at the crest of the central 

block B0 and at that of the bank block B5 

 

Elevation m.a.s.l. Maximum tensile vertical stress at B0 (MPa) 

"&"#)- )#') 

"!&#% )#"% 

 

Table 18: The maximum tensile vertical stress at two locations of the vertically-truncated toe 

of B0 

 

Elevation m.a.s.l. Maximum compressive arch stress at B0 (MPa) 

""'#)- ,!#))-

 

Table 19: Maximum compressive arch stress at B0 

 

Elevation m.a.s.l. Maximum tensile arch stress at B0 (MPa) 

$&'#)- +#")-

 

Table 20: Maximum tensile arch stress at the crest of B0 

8( Conclusions 

The results presented show a transition between two mechanical regimes: the first one is 

purely elastic, when the dam is attached to its foundation, the second one is characterized by 

contact with friction. 

From a physical point of view the above mentioned transition probably occurs when the 

reservoir is filled up for the first time. 

295



From a numerical point of view two independent models are considered starting from the first 

stage of the dam construction. 

When the classical Newton-Raphson method is applied to the second regime a loss of 

convergence sometimes occurs [10] due to a large number of sticking-to-slipping transitions. 

In order to reduce this phenomenon, when the slipping displacement is less 0.2 mm, an elastic 

interaction is considered. 

Further details on the mechanical hypothesis assumed are described in the formulation text [3] 

and in two documents related to our contribution: the survey.xlsx and results.xlsx. 
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