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Deformations – Main Section 

Figure 4: Deformation –Main Section (A – E)

Figure 5: Deformation –Main Section (F – K)
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Deformations (Only Static Load) – Main Section 

Figure 6: Deformation (Only Static Load) –Main Section (A – E)

Figure 7: Deformation (Only Static Load) –Main Section (F – K)
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Deformations (Only Dynamic Load) – Main Section 

Figure 8: Deformation (Only Dynamic Load) –Main Section (A – E)

Figure 9: Deformation (Only Dynamic Load) –Main Section (F – K)
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Hoop Stresses – Main Section – Upstream 

Figure 10: Hoop Stresses –Main Section – Upstream (A – E)

Figure 11: Hoop Stresses –Main Section – Upstream (F – K)
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Hoop Stresses (Only Static Load) – Main Section – Upstream 

Figure 12: Hoop Stresses (Only Static Load) – Main Section – Upstream (A – E)

Figure 13: Hoop Stresses (Only Static Load) – Main Section – Upstream (F – K)
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Hoop Stresses (Only Dynamic Load) – Main Section – Upstream 

Figure 14: Hoop Stresses (Only Dynamic Load) –Main Section – Upstream (A – E)

Figure 15: Hoop Stresses (Only Dynamic Load) –Main Section – Upstream (F – K)
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Hoop Stresses – Main Section – Downstream 

Figure 16: Hoop Stresses –Main Section – Downstream (A – E)

Figure 17: Hoop Stresses –Main Section – Downstream (F – K)
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Hoop Stresses – Left Section – Upstream 

Figure 18: Hoop Stresses – Left Section – Upstream (A – E)

Figure 19: Hoop Stresses – Left Section – Upstream (F – K)
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Hoop Stresses – Left Section – Downstream 

Figure 20: Hoop Stresses – Left Section – Downstream (A – E)

Figure 21: Hoop Stresses – Left Section – Downstream (F – K)
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Hoop Stresses – Right Section – Upstream 

Figure 22: Hoop Stresses – Right Section – Upstream (A – E)

Figure 23:  Hoop Stresses – Right Section – Upstream (F – K)
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Hoop Stresses – Right Section – Downstream 
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Vertical Stresses – Main Section – Upstream 
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Vertical Stresses – Main Section – Downstream 

0
20
40
60
80

100
120
140
160
180
200
220

-12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00

HE
IG

HT
 (m

) 

VERTICAL STRESS (MPa) 
A B C D E REF

0
20
40
60
80

100
120
140
160
180
200
220

-12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00 4.00

HE
IG

HT
 (m

) 

VERTICAL STRESS (MPa) 
F G H I J K REF



Vertical Stresses – Left Section – Upstream 
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Vertical Stresses – Left Section – Downstream 
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Vertical Stresses – Right Section – Upstream 
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Vertical Stresses – Right Section – Downstream 
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Minimum Principal Stresses – Main Section – Upstream 
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Minimum Principal Stresses – Main Section – Downstream 
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Minimum Principal Stresses – Left Section – Upstream 

0
20
40
60
80

100
120
140
160
180
200
220

-12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00

HE
IG

HT
 (m

) 

MIN. PRINCIPAL STRESS (MPa) 
A C D E REF

0
20
40
60
80

100
120
140
160
180
200
220

-12.00 -10.00 -8.00 -6.00 -4.00 -2.00 0.00 2.00

HE
IG

HT
 (m

) 

MIN. PRINCIPAL STRESS (MPa) 
F G H I J K REF



Minimum Principal Stresses – Left Section – Downstream 
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Minimum Principal Stresses – Right Section – Upstream 
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Minimum Principal Stresses – Right Section – Downstream 
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Maximum Principal Stresses – Main Section – Downstream 
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Maximum Principal Stresses – Left Section – Downstream 
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Maximum Principal Stresses – Right Section – Upstream 
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Vibration modes 

Mode Frequency
[Hz]

Mass percentage 
US/DS 

Mass percentage 
Vertical 

Mass percentage 
Left-Right 

1 1.48 1% 0% 20% 



2 1.50 35% 1% 0% 
3 2.27 15% 0% 0% 
4 2.67 20% 3% 0% 
5 2.92 0% 0% 6% 
6 3.38 0% 0% 15% 
7 3.73 1% 0% 0% 
8 4.25 2% 1% 0% 
9 4.54 9% 6% 0% 
10 4.64 0% 0% 3% 
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Fluid structure interactions: Added Mass Computations for incompressible 
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Overview: Long Term Rockfill Behhaviour 



Benchmark Example: Alberto Lleras Dam (Guavio Hydroelectric Project), Colombia 





Input Data 

Dam Geometry

Construction Sequence

Material Properties



 Plasticity of the earth core material (measured values during the dam geotechnical 
design phase) 

Instrumentation data

A brief description of available instrumentation data follows. 
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Pressure Cells (CP)
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Statement of the problem 

Height 245m 
Width 950m 

Dam volume 7hm3 
Reservoir volume 950hm3 



Features of the implemented model 

Geometrical model 
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Density
(kg/m3) Bulk modulus (Pa) Shear modulus (Pa)
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Stresses 



@ EOC Reservoir at EL 1575 Reservoir at EL 1630
ID s1 [Kpa] sv [Kpa] s1 [Kpa] sv [Kpa] s1 [Kpa] sv [Kpa]

CP-11 1594.3 1556.5 1619.1 1599.9 1752.3 1725.6
CP-6 1345.2 1281.2 3015.2 1964.7 3237.5 2482.1
CP-19 1909.4 1554.0 2240.3 1914.9 2806.5 2019.0
CP-22 2871.0 1459.6 2884.9 1947.6 2916.8 1992.0
CP-3 2769.7 2653.6 3438.1 2949.6 3475.0 2969.2
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