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FIRST PROFESSIONAL PROJECT
OF 0.C. ZIENKIEWICZ

Glen Affric Hydroelectric Project, Scotland
Sir William Halcrow: 1945-49
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Seccion de la presa

mostrando elementos OC Zien kieWiCZ
grandes y pequeiios

Calculo por el MEF de
presa en China (1970)

Imagen de referencia en Vol1 del
libro de OCZienkiewicz- RTaylor

isométrico de la presa
mostrando la idealizacion
en elementos excluyendo
Distribucion de los elementos los elementos
mostrando las tensiones principales de la cimentacion
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Analisis con elementos finitos
gue no resisten tracciones

(a) Malla de 82 elementos cuadrilateros de ocho nodos

(c) (b) y (c) Deformada y tensiones principales. Peso propio
= ﬁw\\\\ sous o Analysis carried out at Univ Politécnica Catalunya, 1982
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Presa de Santa Coloma (Barcelona)

(a) Malla de 651 elementos cuadrilateros
Serendipitos de ocho nodos

(b) Deformada. Peso propio y carga hidrostatica

(c1-c4) Lineas de igual modulo del vector de
desplazamientos e igual tensidn oxx,
oy y ©™xy bajo peso propio y carga hidrostatica

CIMNE/Univ Politécnica de Catalunya, 1991
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Calculo del colapso de presas
utilizando el MEF y un modelo de
dano continuo

(1985 - 2000)




Numerical modelling of
collapse of structures

Carga limite

RamaXle rotura

----- Aparicion
de fisuras
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SIMULATION
OF FAILURE (USING A DAMAGE MODEL)
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Zaragoza, Spain
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Evolucion del dano en funcidon de la densidad

Densidad 2,05 Densidad 2,70

sidad 3,84
E

Densidad 3,26

A
Densidad 3,2 Densidad 3,84
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PRESA DE MEQUINENZA
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HYDRAULIC FRACTURE

e Hypothesis: hydrostatic pressure acts instantaneously
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Presa de Mequinenza (Zaragoza, Aragon)

(a) Malla de 140 elementos cuadrilateros de 8 nodos
Peso propio y carga hidrostatica

(b) Deformada vy distribucion de tensiones principales

(c) Efecto de una galeria y una junta vertical

(d) Detalle de las tensiones cerca de la galeria

CIMNE/Univ Politécnica de Catalunya, 1988- 1992
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PRESA DE
MEQUINENZA
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PRESA DE KOYNA (India)
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RELATIVE MOR]ZONTAL DISPLACEMENT [m]

PRESA DE KOYNA (India)
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PRESA DE TALVACHIA (Italia)
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ADVANCED DAM COLLAPSE MODELLING
Oliver et al (1990-2000)
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1. Finite elements with embedded discontinuities

2. Discontinuity tracking algorithms

3. Robust integration schemes (implicit/explicit algorithms)
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ADVANCED DAM COLLAPSE MODELLING
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1. Robust (loss of convergence does not mean failure)

2. Reliable (capture the failure modes and critical loads)

3. Fast (at least one analysis per day)
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DAM COLLAPSE MODELLING. CASE STUDIES

———

Scalere dam (italy, 1911-1912)

- TRy Y, -

Alqueva dam (Portugal, 2000-2002)
CENTRAL SECTION
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SCALERE DAM
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dam_defor.avi
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ALQUEVA DAM
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ZILLERGRUNDL DAM
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PARTICLE FINITE ELEMENT METHOD

(PFEM)
2004- 2019

IT COMBINES PARTICLE METHODS
AND FEM TO MODEL COMPLEX
MULTIDISCIPLINARY PROBLEMS IN
ENGINEERING AND APPLIED SCIENCES
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UPDATED LAGRANGIAN FORMULATION t+dtV t+dtt

FOR FLUIDS AND SOLIDS

Current configuration

t +dt It

Next (updated)
configuration

We seek for equilibrium at t + At

58 CIMNE
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Initial “cloud” of nodes e Solid node

° n C e Fluid node
(<]

X Fixed boundary node

Flying Sub-domains




Initial cloud °C Initial volume °V Initial mesh *°M ‘N INGENIERIA DE PRESAS
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- Rock cutting

- Polymer burning
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time[gec]: 0.000000

IMNE
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Frictional contact between solids

Contact elements are introduced
between the solid-solid interfaces
during mesh generation

Contact forces
Fi,=-b F, Sign(Vy)

Fri= Ky(he - h) = K; abs(Vy)
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A CORUNA -
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Surface erosion due to fluid forces

1 1 V 2
j t g dt=I m[—l] dt> H, Then release node k
o ! 04 hy ¢

Fluid

“Worn” domain Wk
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Tiompo = 560107 &
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MULTISCALE PARTICULATE FLOWS

Micro-particles Macro-particles Large-particles

ri, Vi
r,—-0 I - finite (SOLIDS “A LA FEM”)
< >

( PARTICLES “ A LA DEM )




LAGRANGIAN FLUID +
LAGRANGIAN PARTICLES

Body fitted formulation (a la PFEM) for solids.
Embedded formulation ( a la DEM) for micro/macro particles




PRESAS

time[s]: 0.000




Collection of large particles dragged by dam break




JORNADA SOBRE MODELACION NUMERICA EN INGENIERIA DE PRESAS

DISCRETE ELEMENT METHOD
(DEM)

The interacting forces between particles are
evaluated by a local contact problem :

¢ (Contacto entre esferas

Equations
of motion
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Earthquake and Tsunami at
Rikuzentakata, Japan
March 2011
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Dam Safety Research




LANDSLIDE IN LITUYA BAY
July 9, 1958, Alaska

| Pacific Ocean \‘\

: o S B

sy )] cmmrn - . = o

s mma ey -
AN IS

= IMERICA EN INGENIERIA DE PRESAS



http://en.wikipedia.org/wiki/File:Relief_map_of_USA_Alaska.png
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VAJONT DISASTER (1963)
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VAJONT DISASTER (1963)

9 October 1963: a massive landslide caused a tsunami in the lake in which
50 million cubic metres of water overtopped the dam leading to
the complete destruction of villages, and 1,917 deaths
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VAJONT DISASTER (1963)

K

AN LN i &
1. Landslide motion
2. First violent wave (250m)
3. Wave prop. in the lake
4. Wave overtopping the dam
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VAJONT, PFEM MODEL

Water reservoir X4
Landslide

Mountain surface HE
Dam surface [
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ANALYSIS OF RESULTS

A . Landslide velocity

[Crosta (2013)]

Velocity [m/s]

A B C - ® —section Afront — @ —section Bfront = ® =section C front

Duration of sliding: 20-50s

——&—sectionAtop  —@—sectionBtop  —@—section C top

[Muller (1964), Selli (1964), Ciabatti (1964), Caloi (1966), Datei (2003)]
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‘ Alessandro Franci
Barcelona 04/12/2019
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ANALYSIS OF RESULTS

Overtopping wave Observed wave
(100m over the crest)

VELOCITY /

S 51 m "-“—.*“"".—-“--‘.—
2857 | A
M

WALl
FEE 1714
[ Lyall

Numerical results
at t=35s

475 m

Lateral view

Alessandro Franci
Barcelona 04/12/2019
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Respuesta de presas de escollera frente a
acciones sismicas

Carga dinamica en

direcciones X e Y . . ’
ee

Granulometria
0.15m 0%
0.40m 60 %
0.50 m 100 %

'''''

(m/s)
T(s) |[1.0/05/0.25
D(s) | 1.0/2.0/4.0
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A=01m/s, T=05s,D=40s
A=01m/s. T=0.25s.D=20s

A S |

A=025m/s, T=10s,D=10s A=05m/s, T=10s,D=20s
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Failure of embankment dams

Ruptured Dale Dyke
embankment dam (UK) looking
upstream - The dam break took

place
shortly before midnight on 11
March 1864

Glashutte embankment dam
overtopping (Germany) on 12
August 2002, shortly before
dam failure.

Images taken from

Hubert Chanson

“Embankment overflow protection
systems and earth dam spillways”

In: Dams: Impacts, Stability and Design

CIMNE’
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FAILURE OF ROCKFILL DAMS

FREE SURFACE FLOW

'
’ . e !
— STRUCTURAL RESPONSE RN 2 i
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<VARIABLE INCOMING CONDITIONS
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HOMOGENEOUS DAM
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Q=25.46/s

PRESSURE [m)

1st FAILURE

2nd FAILURE

STRUCTURE (PFEM)

s DISPLACEMENT

i: STRUCTURE

éTRAIN RATE AT FAILURE



COUPLED MODEL HOMOGENEOUS DAM.

ADVANCE OF FAILURE

EXPERIMENAL NUMERICAL
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Q [I/s]
51.75
69.07
90.68

e

e

W

s

Length of failure [m]

Bexp
0.71

1.08
1.56

Bnum

0.68
1.04
1.58
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FAILURE OF ROCKFILL DAM
DUE TO OVERTOPPING
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AIREACION EN DESAGUES DE FONDO DE PRESAS

E™

endes

PFEM®%
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WITH AIR
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Without
air (0.5
Sec.)
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Ondas de choque

en aliviaderos Angles from analytical solutions

B1=27.2°

Dry area behind pier end
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/ Results for
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FLUSHING

TRASPORTE DE SEDIMENTOS
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ALIVIADEROS ESPECIALES

serpa %

Dam Sxfety Restarcn

CIMNE™
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Cajeros altamente convergentes

Presa de Torre Abraham
Rio Guadiana, Burgos, Espafia

*Altura de presa: 1,5 m
*Longitud de vertido: 1-5m
*Anchura/longitud de cuenco: 1,0/3,0 m

B

~—— - LN
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Cajeros altamente convergentes

Validacién jo helicoidally

experimenta

serpa %

Dam Sxfety Restarcn
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Cajeros altamente convergentes
Validacion experimental

. 7000
Presiones en i
solera s @
£ 4000
0
A
_ :“& A
1000 A A
0
Q 05 1 1.5 2 25
7000
6000 8
5000 ©
anoo x A
3000
S ? g Mw
® -
1000
serpa " ! 0 0.8 1 15 2 25
Dam Safety Restsarcn Distancia sobre el eje del cuenco (m)

A Experimental ©Numérico
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Caso de estudio: Presa de Oroville
Presa de materiales sueltos en
Rio Feather. 235 m de altura
« Aliviadero principal
« Aliviadero de emergencia

Aliviadero lateral
» Descarga sobre ladera no protegida
* 21 m de altura maxima y 282 m de longituc
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Presa de Oroville

VELOGITY!

204678
T2008

o | Posible disefio alternativo
L ) > s

POLTECNICA
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Presa de Oroville
Comparacion con solucion adoptada

Mayor disipacion de energia. Menor superficie
. ‘g,.;.‘ &,

T
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Bloques en forma de cuna
N |

Overtopped
flow

Supporting
and drainage
layer Water free
surface
: Negative

'\‘\‘
g S\ pressure zones

o Water free
surface due to
leaks

Presa de Barriga, Burgos, Espafa

serpa %

=y S — S8 CIMNE .




JORNADA SOBRE MODELACION NUMERICA EN INGENIERIA DE PRESAS
Bloques en forma de cuna
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