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RESUMEN

El proyecto es un estudio y diseno de alternativas de la planta y seccion de una
infraestructura portuaria-deportiva desde un punto de vista funcional y estructural.

Como palabras clave se pueden destacar:
= Clima maritimo

= Propagacion del oleaje

= Ingenieria portuaria

= Agitacion portuaria

= Diques en talud

El proyecto esta dividido en cinco capitulos bien diferenciados y de tematica distinta.

En el primer capitulo, clima maritimo, se han analizado los datos obtenidos de la base
de datos conocida como GOW (Global Ocean Waves) en aguas profundas,
caracterizando sus principales caracteristicas.

Una vez caracterizado se ha procedido, a partir del programa Matlab a la ejecucion de
un cédigo que, teniendo en cuenta los fendmenos de refraccion, asomeramiento y
difraccién propague el oleaje desde aguas profundas hasta la zona de emplazamiento
del puerto pasando por un punto base necesario para el calculo de los coeficientes de
difraccion.

A partir de la serie obtenida, se han obtenido a partir del Matlab y de la herramienta
AMEVA proporcionada por el IH de Cantabria (Instituto de Hidraulica Ambiental de
Cantabria) los regimenes medios y extremales asi como sus rosas de oleaje y otras
representaciones que caractericen el oleaje propagado.

Para poder hacerse una idea de la veracidad de los resultados obtenidos se ha hecho
una comparacion de estos con la ROM (Recomendacion de Obras Maritimas).

En el segundo capitulo, criterios generales de disefio, se han obtenido todos los
parametros necesarios para el disefio del proyecto tanto en planta como en seccion.
En él se incluye una referencia de todos los documentos necesarios para el desarrollo
de este capitulo, siendo el principal el documento ROM.

Desde el punto de vista de la planta se ha considerado una flota para el puerto, ya que
en base a la documentacion utilizada, sera lo que condicione el disefio de los distintos
elementos que conforman la planta del puerto.

Desde el punto de vista de la seccion se distinguen por un lado los criterios
estructurales, como son la vida util, el periodo de retorno, las alturas de disefo asi
como el tipo de talud y el material, y por otro lado los criterios funcionales, siendo el
principal la operatividad del puerto.

En el tercer capitulo, criterios de disefio en planta, se han estudiado los elementos que
conformaran la planta del puerto, estableciendo en base a la aceptacién de unos
criterios las dimensiones y geometria de los distintos elementos que lo forman.

Se han disefiado, cumpliendo los criterios establecidos tres alternativas distintas.



Para la eleccion de una de ellas se ha estudiado la agitacion interior del puerto,
aceptando como la mejor alternativa la que cumpliese mas eficazmente el requisito
impuesto por la agitacion interior del puerto. Para el estudio de la agitacion se utilizado
de nuevo el programa Matlab, haciendo un programa distinto para cada alternativa en
funcién de sus caracteristicas.

En el cuarto capitulo, disefo del dique, se ha realizado el calculo del dique desde el
punto de vista funcional y estructural. Una vez calculado se ha realizado una
comparativa con el actual analizando las coincidencias y discrepancias.

En el quinto capitulo se ha realizado de una forma general y simple el presupuesto del
proyecto, su plan de obra y un estudio de la seguridad.
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INTRODUCCION

El siguiente documento es un estudio y disefo de alternativas de la planta y la seccion
de una infraestructura portuaria desde un punto de vista funcional y estructural.

Este estudio presenta el trabajo de fin de grado para obtener el titulo de "Ingeniero
Civil, mencion en Hidraulica y Medio Ambiente" y abarca temas desde hidraulica,
ingenieria costera, ingenieria portuaria, disefio estructural y sistemas de gestion.

Los resultados obtenidos en el presente estudio reunen las caracteristicas de un
proyecto de alternativas reales para el disefio integral de una instalacién portuaria.
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OBJETIVOS

El objetivo del proyecto es el disefio integral de una infraestructura portuaria desde el
punto de vista funcional tanto en planta como en seccién.

Para cumplir estos objetivos se han planificado los siguientes trabajos:

Estudio general del entorno de la obra portuaria.

Calculo del nivel del mar en la zona a realizar la obra.

Propagacioén del oleaje desde aguas profundas hasta la zona de emplazamiento
del puerto.

Reconstruccion de la estadistica del clima maritimo frente a la zona portuaria.
Obtencion a partir de la serie de oleaje los parametros mas representativos
(Régimen medio y extremal, rosa de oleaje, histograma de altura de ola y periodo).
Diseno desde cero de varias alternativas en planta para el disefio del nuevo puerto
deportivo.

Estudio de la agitacién interior de cada una de las alternativas como criterio de
eleccion de la alternativa final.

Calculo de los parametros funcionales relacionados al oleaje incidente (remonte y
rebase sobre la estructura).

Calculo general del calculo estructural del dique en talud y espaldén.

Redaccion general del programa de trabajo constructivo, medidas de seguridad y
presupuesto del puerto en general.
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CAPITULO 1. CLIMA MARITIMO

1.1.INTRODUCCION

Este primer capitulo tiene como objeto analizar los datos de los que se dispone en
aguas profundas, propagarles hasta la zona de estudio y obtener los resultados
necesarios para la realizacion del proyecto.

Para ello se utilizan herramientas como el programa matematico Matlab para la
programacion y la herramienta AMEVA realizada por el IH para la obtenciéon de
graficos.

1.2.DESCRIPCION DE LA BASE DE DATOS

Los datos con los que se cuenta provienen de la base de datos conocida como GOW
(Global Ocean Waves, Reguero et al 2012), esto es un conjunto de datos disenado
para ser actualizado periédicamente y que se basa en la calibracién de un modelo de
prediccion retrospectiva con los datos de altimetria por satélite, después de la
verificacidn respecto a los datos histoéricos, a partir de 1948.

Los reanalisis de olaje y viento se han convertido en una valiosa fuente de informacion
para la investigacion del clima maritimo y aplicaciones oceanicas y costeras en la
ultima década. Hoy en dia, las bases de datos de reanalisis generadas con los
modelos de tercera generacion proporcionan informacién detallada sobre el clima
maritimo, tanto en el tiempo como en el espacio, de las mediciones instrumentales
realizadas (boyas y observaciones altimétricas).

Este nuevo calibrado de las bases de datos representa adecuadamente las
caracteristicas de clima maritimo mundial desde 1948, esto lo hace el mas largo y
hasta a la fecha, uno de los mejores conjuntos de datos para el analisis de la
variabilidad del clima maritimo mundial, asi como para muchas aplicaciones de
ingenieria costera a nivel mundial.

1.3.ANALISIS DE LOS DATOS EN AGUAS PROFUNDAS

En este apartado se han analizado los datos obtenidos del GOW (Aparatado 1.2.)
atendiendo al oleaje y al nivel del mar.

Para el analisis se ha utilizado la herramienta Matlab para poder manejar la extensa
serie de datos y poder obtener resultados

1.3.1. Oleaje

1.3.1.1. Periodo

Tras el estudio de la serie de datos de los periodos se obtiene:



Periodo minimo = 1,5452 s
Periodo maximo = 19,0509 s

Para observar la tendencia que tienen los periodos se ha reproducido su

en la figura 1.1.
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Figura 1.1. Histograma de periodos
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Se observa que los periodos predominantes son los que se encuentran en rangos

entre 9 y 11segundos.

En la figura 1.2. se muestra la energia de la ola en funcién de la frecuencia (o periodo,
que es el inverso de la frecuencia). En la primera fila se indica la fuerza generadora
principal de este disturbio y en el segunda fila se indica la fuerza restauradora principal
que disipa o modifica el movimiento ondulatorio.

Por el rango de periodos obtenido se identifica que la fuerza generadora principal es el

viento v la fuerza restauradora es la gravedad.
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Figura 1.2. Relacién frecuencia frente a energia



El pico de maxima energia esta entre los 4 y 12 segundos, que corresponden a las
olas generadas por el viento. Esto quiere decir que la mayoria de las olas en el
océano tienen energia alrededor de esos periodos, son las olas mas frecuentes
formadas en el océano, como se aprecia en la serie de datos representada mediante
el histograma en la figura 1.1.

Para ver mas claro esto, se han obtenido las rosas de vientos de la boya mas cercana
al emplazamiento, estas son proporcionadas por la pagina web www.puertos.es.

Como se he mencionado anteriormente el oleaje es generado por el viento, luego, la
rosa de vientos sera similar a la rosa de oleaje en aguas profundas, en los dos puntos
de estudio no sera del todo asi, ya que se ha descartado el oleaje entre 90 y 270°
grados, ya que este es generado por el viento que viene de la costa y no se puede
propagar siguiendo la ley de Snell.

1.3.1.2. Viento

La localizaciéon de la boya es la marcada con una flecha en la figura 1.3, en una
posicion bastante alejada de donde estara el puerto para simular aguas profundas.
Los datos son de un Punto SIMAR-44 (1066075).

El conjunto de datos SIMAR-44 esta formado por series temporales de parametros
atmosféricos y oceanograficos procedentes de modelado numérico. Son, por tanto,
datos simulados por ordenador y no proceden de medidas directas de la naturaleza.

Informacién Histdrica

- Punto SIMAR-44 (1066075)
- Punto WAMA (1066075)
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Figura 1.3. Boya Simar



Los datos obtenidos tienen las caracteristicas y estan comprendidos en periodo de
tiempo que muestra la tabla adjunta.

Son datos que tienen como parametro su velocidad media para el periodo de 1958 a
2001.

La rosa de vientos correspondiente a estos datos se i
Rosas de Viento

muestra en la figura 1.4., que debera ser similar a la rosa wind Rose Plot

de oleaje en aguas profundas ya que, como se ha R g | v=!. =iz / Mear Vel v

comentado en el apartado anterior el oleaje tiene como Ao o e 1958 v

fuerza generadora principal el viento. SR —
Periodo /Period Global v

En el apartado "1.4.3.2. Rosas de oleaje e histogramas de = :;:::m TDIrDm” B

alturas y direcciones”, en el apartado "1.4.3.2.2. Para
aguas profundas" se encuentra la rosa de oleaje en aguas

profundas representada por la figura 1.28. que tiene la misma direccién predominante
como era de esperar.
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Figura 1.4. Rosa de vientos



1.3.2. Carrera de oleaje

La carrera de oleaje es la maxima diferencia entre la mayor pleamar y la menor
bajamar.

Los datos utilizados guardan registros desde el 1 de febrero de 1948 hasta el 31 de
diciembre del 2008.

En el capitulo "1.4. Andlisis de los datos frente al puerto”, en el apartado
"1.4.2.2.Consideraciones respecto al nivel del mar'" se muestran las graficas
correspondientes a la Marea Astronémica (MA) y la Marea Meteorologica (MM) por
separado asi como una conjunta, la conjunta se representa en la figura 1.5.

El mayor nivel es de 2,5346 metros, ocupa la posicion 103709 en la serie de datos y
corresponde a la fecha del 1 de diciembre de 1959 a las 4h.

El minimo nivel de -2,3518 metros, ocupa la posiciéon 430451 en la serie de datos
corresponde a la fecha del 10 de marzo de 1997 a las 10h.

La mayor carrera de oleaje sera de 2,5346+2,35180 = 4,8 metros.

3 1 1 I 1
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Figura 1.5. Marea Astrondmica (MA) y Marea Meteoroldgica



1.4.PROPAGACION DEL OLEAJE A LA ZONA DE ESTUDIO

En este apartado se ha estudiado la propagacion del oleaje desde aguas profundas a
la zona de trabajo donde estara el emplazamiento del puerto, ya en aguas someras.

1.4.1. Consideraciones teodricas

La definicién de las condiciones de las olas en aguas poco profundas es un aspecto
esencial en el disefio y operacién de una amplia variedad de instalaciones costeras y
de un desempefio seguro de las actividades humanas en las zonas costeras.

A través de una combinacién de transformaciones de oleaje de modelado de datos y
funciones de transferencia entre las condiciones de las olas en aguas profundas se
derivan las que estan en la ubicacion de interés, donde se establecera el puerto.

Suponiendo teoria lineal, estas funciones de transferencia tienen en cuenta la
dependencia de las caracteristicas de las olas en aguas profundas y poco profundas
en funcién de parametros, como son la altura de ola, periodo, direccion, nivel de agua
y las caracteristicas particulares en las proximidades de la zona de interés, tales como
la batimetria, islas, cabos y estructuras.

Los procesos que pueden afectar a una ola cuando se propaga desde aguas
profundas hasta poco profundas son entre otros:

e Refraccion.

e Asomeramiento.

e Difraccion.

¢ Disipacion por friccion.

e Breaking (o rotura).

e Crecimiento adicional debido al viento.

Para el proyecto en concreto se han estudiado los efectos de Refraccion y
Asomeramiento, ademas del fendmeno de Difraccion en los casos en los en que este
afecte.

Estudiando estos fendbmenos mas en detalle:

e Refraccién.
Si la cresta de una ola tiene inicialmente un angulo de aproximacion a la costa (que
no sea 0 grados), parte de la ola (punto A) estara en aguas menos profundas que
su otra parte (punto B). Debido a que la profundidad en el punto A (HA), es menor
que la profundidad en B (HB), la velocidad de la onda en A sera mas lenta que en
B, debido a:

—y o- - o- Y
C,==tanh kh, < = tanh khy = Cy
. ® i ®



La diferencia de velocidad a lo largo de la cresta de la ola hace que la cresta se
vaya tornando cada vez mas paralela a la costa.

El problema de la propagacion se convierte en uno de trazado de la direccién de
aproximacién de onda y en el calculo de la altura de ola segun se propaga desde lo
mas profundo de aguas poco profundas.

El fendmeno de refraccion se observa en la figura 1.6.

" SHORELINE

Figura 1.6. Fendmeno de refraccion

Asomeramiento.

El fenédmeno de Asomeramiento ocurre cuando las olas entran en aguas menos
profundas. La velocidad y la longitud de la ola disminuyen en aguas poco
profundas, por lo tanto, la energia por unidad de area de la ola tiene que aumentar,
por lo que aumenta su altura manteniendo su periodo.

Cuando la cresta de la ola adopta demasiada pendiente se convierte en inestable,
se curva hacia delante y rompe. Esto sucede generalmente cuando la altura de la
ola alcanza el mismo tamario que la profundidad de agua local. Es decir, una ola de
3 metros por lo general se rompe en unos 3 metros de profundidad.

La figura 1.7. muestra la progresion de cdmo una ola va hacia la orilla.

DEEP WATER ZONE OF TRANSITION BREAKING
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Figura 1.7. Fenbmeno de asomeramiento



Difraccion.

Se considera la posibilidad de una onda que tiene una altura variable a lo largo de
su cresta. Como esta ola se propaga hacia adelante, habra una transferencia lateral
de energia de las ola a lo largo de su cresta (perpendicular a la direccién de la
propagacion de ola). La transferencia de energia sera a partir de los puntos de
mayor altura a los de menor. Este proceso se conoce como la difraccién de la onda.
Pero la difraccién tiene un efecto especialmente importante en las condiciones de
onda dentro de un puerto. Cuando las ondas se propagan mas alla del final de un
rompeolas o un dique, la difraccién hace que las crestas de las olas se extiendan y
dispersen en la zona de sombra en al abrigo de la escollera. Esto provoca que las
orientaciones de la cresta de la ola y su altura de las olas en la zona de sombra se
vean significativamente alteradas.

El fendmeno de difraccion se observa en la figura 1.8.

A

v | |

Figura 1.8. Fendmeno de difraccion

En el proyecto del puerto, debido a su ubicacion, solo se ha encontrado este
fendmeno cuando el oleaje se encuentra dentro de un rango de direcciones, esto es
debido a que a la hora de propagar el oleaje se encuentra en medio el monte
Buciero de Santona, esto actia como un obstaculo que produce la aparicién del
fendmeno de difraccion.

Esto se puede observar en la figura 1.9.:

Aguas profundas

Obstaculo que nos
i la difraccién

=

Emplazamiento del

proyecto

"5‘ L

Figura 1.9. Difraccién en el puerto



Mas adelante, cuando se profundice en el estudio de la difraccién del proyecto, para
hacer su estudio mas sencillo se realiza una simplificacion, suponiendo el monte
como un dique.

¢ Combinacion de Difraccion y Refraccion.
El fendmeno de refraccién, que implica variaciones en la direccion de las olas y en
la altura debido a la profundidad, y la difraccion , causada por discontinuidades
resultado de la interaccién de las olas con las estructuras, a menudo se producen
simultaneamente.
Por ejemplo, en la punta de un dique o rompeolas , la difraccion es de suma
importancia, sin embargo, si existe un foso alli o si una playa estd cerca, la
refraccion es importante también.
Por lo tanto, es necesario ser capaz de tratar ambos fendmenos simultaneamente.

1.4.2. Propagacion

1.4.2.1. Metodologia

A continuacién, se describe por pasos la metodologia que se ha utilizado para realizar
la propagacion desde aguas profundas.

Para ello se han utilizado los siguientes programas: Matlab, cuyo programa completo
se encuentra en el "Anexo Informético" adjunto; Autocad, con la batimetria para elegir
la profundidad de estudio y Excel para obtener el coeficiente difraccion ademas de los
diagramas correspondientes.

1) Lectura de datos
Los datos de partida es un fichero .dat en el que cuento con:
- Afo en el que se hizo la medida.
- Mes
- Dia.
- Hora.
- Altura de ola significante, Hs (en metros).
- Periodo, T, (en segundos).
- Direccion (°N).
- Marea Astrondmica, MA (en metros).
- Marea Meteorolégica, MM (en metros).

¥Y MM DD hh  Hs(m) Tp(s) Dir(2N) MA(m) &-‘M{m)
1948 2 1 @ 4.1172816 14.331279 387.98165 -1.8459354 -8.819784592
1948 2 1 1 3.8966@838 13.786241 367.23139 -1.4117895 -8.044872664
1948 2 1 2 3.873465 13.572682 306.76575 -1.4811665 -8.839423398
1948 2 1 3 3.7901127 13.736239 384.45161 -1.8312856 -8.048316269
1948 2 1 4 3.6323946 13.883878 383.21365 -0.41575857 -0.0842233274



Se ha creado un programa en Matlab que lea el fichero y guarde cada columna en un
vector para ser utilizados posteriormente.

2) Establecer puntos de propagacion
Se ha partido de una batimetria de la zona en un archivo .dwg con sus
isobatimétricas definidas para su situacion en bajamar.
A partir de él se han elegido dos puntos caracteristicos, uno en la zona de estudio,
en las inmediaciones de donde situaré el puerto, y el otro en las inmediaciones del
monte Buciero para poder obtener el coeficiente de difraccion (Ks).
Para el primer punto se ha elegido hg = 7 metros, al que se debe sumar las mareas
(MM+MA) como se muestra en la figura 1.10..

Transparencia PorCapa

Hipervinculo
Altura de objeto 0.0000

| i6n 3D =
| Material PorCapa

Vértice actual 1

Vértice X 34222
Vértice Y 5151
Anchura inicial del segmento 0.0000
Anchura final del segmento 0.0000
L :

< Elevacion 00 )
Mgl T

| Varios =

| Cerrado [No

| Creacion de tipos de linea |Activada

[f@ Propiedades

Figura 1.10. Eleccion isobatimétrica de 7 metros.

Se ha elegido la isobatimétrica correspondiente a 7m debido a que el puerto del que
se va a realizar su disefo, pese a tener un disefio distinto tendra el mismo

emplazamiento.
Como se ha elegido la suposicion de que solo sea un puerto deportivo sin pesquero

se supondra un puerto algo mas pequeno.

Para el segundo punto se ha elegido h¢ = 10 metros, al que se debe sumar
también ambas mareas, como se muestra en la figura 1.11..

[ o
Estilo de trazado PorColor
Grosor de linea PorCapa
Transparencia PorCapa
Hipervinculo
Altura de objeto 0.0000
 Visualizacién 3D =
| Material PorCapa
[ ; -
Vértice actual 1
Vértice X -3.4707
Vertice Y 434725
Anchura inicial del segmento 0.0000
Anchura final del segmento 0.0000
%ot global I —
Elevacion 10.0000 )
ki
5| i
2 | Cenado [no
£ | Creacién de tipos de linea |Activada

Figura 1.11. Eleccion isobatimétrica de 10 metros.

No existe una metodologia o unas pautas para la eleccion de un punto previo a un
obstaculo que produce difraccion, de modo que se ha tomado un punto cercano
previo al obstaculo y se considera el adecuado y correcto para realizar la

propagacion.



Una vista en conjunto para hacer una vista global de la situacién de los puntos
elegidos se puede observar en la figura 1.12.

Figura 1.12.Puntos elegidos

3) Obtencion del coeficiente de Asomeramiento, Ks.

La expresion para obtener el coeficiente de Asomeramiento es la siguiente:

CO
Ks= |22
Cg1

Siendo ¢4 la celeridad de grupo, cuya expresion para obtenerla es:

ngc-nz ‘n

L
T
Se ha de establecer la relacion entre los parametros en aguas profundas
(designados con el subindice 0) que son nuestros datos (los que se encuentran en
el archivo .dat descrito en el apartado 1), con los parametros en el punto B (punto
en el puerto) y el punto C (punto para obtener la difraccion).

> En primer lugar se ha obtenido Ly. Su expresién para obtenerla es:

Lo = 15613 - T2

Siendo T el vector de periodos Tp.



» Para obtener |la celeridad en aguas profundas se utiliza la siguiente expresion:

L,
CO =?

Siendo:
Lo : el vector calculado anteriormente.
T : el vector de periodos datos Tp.

» Para obtener la celeridad de grupo en aguas profundas se utiliza una
simplificacién que consiste en:

Siendo:
Co : La celeridad de grupo obtenida anteriormente.

Al considerar teoria lineal, al propagar el oleaje el periodo se mantiene constante,
luego el vector de periodos no es necesario que sufra ninguna modificacion).

> Para obtener L en ambos puntos (B y C) se utiliza la siguiente férmula:

3
O-Z.hZ Z
L=L0-(tanh< - > )3

Siendo:
Lo : el vector calculado anteriormente.
o= 2"

T
h = profundidad en el punto.

» Para el coeficiente n se utiliza la siguiente férmula:

1 (1+ 2-k-h )
=3 sinh(2 - k - h)

Siendo:
2- 1T

k=21
L

h = profundidad en el punto.

» Con L y n hallados ya para cada punto se obtiene la celeridad de grupo de los
puntos de interés:

Para obtener finalmente el coeficiente de Asomeramiento, Kg, utilizando el
programa Matlab se ha utilizado la metodologia siguiente explicada por pasos:



1°.Obtener el vector L.

2°.Obtener el vector ¢y,

3°.Obtener el vector cg.

4° Obtener el vector L en cada uno de los dos puntos By C.
5°.Obtener el vector n.

6°. Obtener el vector c,.

7°.0Obtener finalmente los dos coeficientes Ks.

4) Obtencion del coeficiente de refraccion, Kg.

La expresion para obtener el coeficiente de Refraccion es la siguiente:

cos 6,

Kp =

cos 04

Siendo:
B¢ : direccion del oleaje dato.
8, : direccion del oleaje en el punto de estudio.

» Para obtener 64 en los puntos B y C se ha utilizado la siguiente expresion:

Co 1

sinf, sinf,

Siendo:
Co : La celeridad en aguas profundas calculada para en el apartado

anterior.
c1 : La celeridad en el punto en cuestion también calculada anteriormente.

O, : el vector de direcciones dato.

» Una vez obtenido el vector de direcciones en ambos puntos B y C se procede a
calcular los coeficientes de refraccidon Kgrg ¥ Kge.

cos 0,
cos 6,

R =

Para obtener el coeficiente de refraccion utilizando Matlab se sigue el siguiente
procedimiento por pasos:
1°.Obtener los vectores de direcciones de los puntos B y C a partir de los datos ya
utilizados para el coeficiente de Asomeramiento.
2°.Obtener el coeficiente de refraccion K.

El programa utilizado se encuentra en el "Anexo informatico" incluido en el proyecto.

5) Obtencion del coeficiente de difraccion, Kp.




Para la obtencion del coeficiente de difraccion no se han utilizado métodos
numeéricos.

Se han valorado dos opciones para hallar los coeficientes de difraccion, los gréficos
o las tablas.

e
ntdmfuuu-e»qlh
7 7
~ /
Wave copsly Ly Direction ol wave approach

Mgure I35, Mave ditfraction diagraz==120% wave angle,
ANBULO DE INCIDENGIA, B=160 GRADCS
. ANGULO

o1 W4 50 B0 YO BD S0 00 10 120 130 140 150 180 170 180

[RLETET 0.&4! 0456 D484 0,476 040 0,508 0,520 0,564 0583 0617 OS5 OFSH 0148 OAKD 0853 0,939 1000
02 | 0,340 0,342 0345 0351 0,350 0,370 034 0402 0423 0,448 0480 0547 08E0 0511 0570 0738 0516 0,804 1,000
0.3 | 0,205 0,287 0250 0,235 0,303 0313 036 0,42 0,363 0288 0410 0456 0500 0555 0500 085 0785 0057 1,000
04 |0250 0.251 0254 0,259 0,266 0275 0288 0303 0,322 0M6 078 0413 Q4% 054 0582 0655 0752 0,674 1.000
05 |05 026 0289 0,233 0,240 0248 0,250 0,274 0253 036 044 0381 0425 0452 0553 0639 074) 0,065 1,000
06 {0207 0207 0210 0214 0230 024 0.2% 0,283 0270 0252 0319 0355 0,39 0455 0,525 0,615 0,726 0,857 1,000
OF {00152 0,192 0,195 0,109 0204 0212 0,222 0,235 0352 0,272 0,209 0333 0,377 043 0507 w600 0715 0850 1,000
B8 10180 0,180 0,182 DIBE 0192 0199 0200 022 Q26 0285 0202 0015 0,059 0415 0,489 0,584 0703 0845 1000
% {0170 0,170 0,472 0176 0,181 0,58 DIB7 0208 0220 043 0,265 0,300 0,343 0390 0473 0500 05D QM1 1000
10 | 0161 0,162 0,966 0967 0,172 0,178 087 0198 0213 0.2% 0,256 0,267 0,029 0084 0,450 0558 0585 0838 1000
15 {0,032 0,132 0,134 0,137 0,141 0,146 0,153 0163 0,175 B191 0,211 0239 0377 0330 0408 0510 QA5 QAR 1000
20 {0,114 0,115 0116 018 0,122 0127 0,133 0,141 0,162 (165 0,184 0309 0.204 0284 0366 0477 053 QA7 1000
25 (0,102 0,109 0104 0,106 0,109 0113 0,115 0,126 0,136 0,460 0,165 088 020 068 034D 0452 0E1E 0830 1,000
30 {0,003 0,004 0055 0,007 0,000 0,104 0105 0,116 0124 036 0151 0472 0200 0247 0317 0431 0507 0,835 1,000
35 | 0,086 0.067 0055 0,030 0,092 0056 0101 0,107 D115 0426 9.0 0160 0,188 0230 0229 0414 0589 0,84 1,000
40 0061 0081 0052 0084 0,085 Q050 D034 1,100 D108 0118 013 0150 0176 0217 0284 0,309 0,552 085Y 1,000
45 (0075 0076 0,077 0079 0,081 0085 0,089 0,084 002 0141 0,024 0141 0,167 0,208 0,270 0,96 0,585 0,883 1,000
S0 0072 0,073 0,073 0,075 0,077 0,050 0,084 0,080 ONSE 0106 0,117 0,134 0,155 D195 0,250 0,474 D581 DA 1000
&0 10088 0,086 0,087 0,068 0,070 0,073 0,077 0,082 QU088 0086 0107 0123 0,145 0160 0,240 0,354 0574 DBOI 1000
70 {0051 0,081 0,062 0063 A0S 0088 0,071 C.OTE 0481 0E3 0,039 0414 DM 0067 0224 0,337 0568 054 1000
&0 {0,057 0,057 0,056 0,053 0,061 D083 0067 0071 0478 0,083 0,043 0,105 0426 0,156 0211 0.323 0563 05 100
50 | 0,054 0,054 0,055 0,086 0055 D0 0,063 0,067 DA72 0,074 D,0BE 0100 0419 0,448 0200 0,310 0569 0S5 1,000
100,051 0,051 0,062 Q053 0,055 0,057 0,060 0063 0,068 D075 0,083 0,085 0,13 0,140 0191 0399 0556 0872 1000
0| 0,087 0,047 Q47 048 0,050 0,052 0054 0058 0,052 0,058 0,076 CUBF 0,109 0128 0178 0280 0551 1006 1,000
400,043 0043 0044 0045 0045 048 0050 0,054 0,058 0083 0,000 0080 0085 0119 0163 0264 0547 1,035 1,000
45,0} 0040 0041 0041 0042 0,043 0045 0047 0,050 0,054 Q08 0085 0075 0083 0,111 0,153 0281 0543 1059 000
13,0 0008 0038 0,039 0040 0041 0042 0,044 0,047 0061 Q055 0062 0071 0054 0,105 D44 D240 0541 1078 1,000
20,0 {0,005 00% 0,037 0037 0068 0,040 0042 0045 0,48 0053 0,059 0,067 0,080 0,100 D7 0230 0539 1083 1000
250 {0,032 0,032 0,033 0034 0034 0,006 0038 0040 0,043 D047 0,053 0060 0,071 0,089 0123 0209 0534 1,108 1,000
30,0 | 0,030 0,030 0,030 0031 D032 0,033 0034 0037 0,039 0043 (,0&D [,085 0,065 0,081 0,112 0,153 0531 1056 1,00
360 | 0,027 0027 062 0028 002 0000 G032 0034 0,005 0040 0044 0051 0,080 00T 0104 0180 0529 1070 1,000
&0 | 0,026 0026 0026 007 0027 0028 0030 0,032 0,034 0037 (047 Q4B Q0SB 00TE 0BT 04D 0527 14 1,000

B0 {0,023 0023 0023 00 0,024 0005 0L 0,028 0,031 0033 0087 03 0050 0063 0087 0153 0.5 0,343 1,000

Para este apartado es donde se han utilizado los parametros obtenidos en el punto
C.

Para su realizacién se ha adoptado una simplificacion.

Se ha transformado el monte de Santofia que provoca la difracciéon en un dique,
pero, al ser un obstaculo de gran volumen no se puede hacer la suposicion de
colocar el dique en la parte Norte de la montafa ya que al difractar lo que ocurre es
lo que se puede observar el figura 1.13.



Figura 1.13. Difraccion p

rovocada por monte Buciero

Si se supusiese el dique en la parte Norte, se perderian todos los puntos que van
difractando a lo largo de su perimetro, no es como el caso de un dique aislado en el
que la anchura del dique es de pequefias dimensiones y no se considera que haya
difraccién. Por ello se ha colocado el dique hacia la mitad del monte para disminuir
este efecto.

Para hallar el angulo a, la herramienta de Google Earth proporciona la direccion, es
decir la inclinacion de la recta, tomando el eje vertical en el primer punto (punto con
extremo en el dique) y la inclinacion la recta que une los dos puntos, en este caso
167,79°.

a=90+(180-167,79)=102,21°.

Un resumen de todo lo dicho se puede apreciar en la figura 1.14, donde se recoge
el angulo alfa y la simplificacién del dique.

\ R=3,51km
\
\

Figura 1.14. Resumen difraccion




Al propagar por Snell solo se han considerado los angulos comprendidos entre 280°
y 75° ya que el resto de direcciones de incidencia no se han propagado a los puntos
B y C. Un esquema de esta consideracion viene representado en la figura 1.15.

Figura 1.15. Rango de angulos considerados.

Para obtener los coeficientes de Difraccion se ha realizado una tabla Excel con
diferentes rangos de R/Lc, para el angulo alfa constante de 102,21°, y los diferentes
angulos de incidencia, obteniendo sus distintos Kr manualmente de los diagramas
de Difraccién o de las tablas.

Como el numero de datos es muy extenso se han establecido rangos de R/L para
los distintos 6. Para eso se ha hallado el Lc maximo y minimo que proporcionan el
limite superior e inferior limite de R/L. Estas longitudes de onda seran las
correspondientes a los periodos maximo y minimo del conjunto de datos:

Lc_maximo:
Tmax= 19,0509s (correspondiente al 2/3/1963 a las 20h)
2 3
31\ 3 [ 5 Z]
o2 - hg\? (19 0509) $10,9112) | »
Lemax = Lo - | tanh = 566,653211 - (tanh )3
= 238,4221m
R 5120 = 14,7218
Lmax 2384221
Lc minimo:
Tmin = 3,7279s (correspondiente al 25/8/2000 a las 21h')
2 [ E]
% Iy i\ (125%)2 10,9112\ | ,
Lemin = Lo - | tanh < > = 3,7278 - (tanh : 3 )3
= 3,7279m
R 5120
= = 941,5489

Lin  3,7279



Luego los rangos de estudio para R/L seran 14 y 941.

Los graficos tienen un R/L maximo de 10, luego no podran usarse, asi que se ha
realizado con las tablas que tienen rangos desde 0 hasta 50.

Para todos los valores de R/L mayores de 50 se han tomado los valores maximos
proporcionados por las tablas, es decir, los correspondientes a R/L igual a 50.

La tabla resultante para los angulos de incidencia entre 10 y 170°, alfa constante de
aproximadamente 100° y R/L variando desde 14 hasta 50 es la siguiente.

Se ha introducido esta tabla en Matlab, y mediante una serie de comandos se ha ido
obteniendo los Kp en funcion de mis distintas longitudes de onda en C (LC).

0=102,212~ 1002

9=102 8=200 8=302 0=402 8=500 8=602

R/L KD R/L KD R/L KD R/L KD R/L KD R/L KD
14 0,997 14 1,003 14 1,007 14 0,986 14 0,98 14 1,032
16 0,997 16 1,004 16 1,008 16 0,987 16 0,987 16 0,976
18 0,997 18 0,992 18 0,988 18 0,987 18 1,024 18 1,018
20 0,998 20 1,004 20 1,002 20 0,988 20 1,003 20 0,99
25 0,998 25 0,999 25 1,009 25 1,011 25 0,98 25 0,97
30 0,998 30 0,995 30 0,994 30 0,99 30 0,99 30 0,983
35 0,998 35 0,995 35 0,995 35 1,009 35 1,013 35 1,01
40 0,998 40 0,998 40 1,008 40 0,992 40 1,014 40 1,024
50 0,998 50 1,004 50 0,993 50 0,993 50 0,985 50 0,991
8=702 8=802 8=902 9=1002 8=1100 0=1200

R/L KD R/L KD R/L KD R/L KD R/L KD R/L KD
14 0,94 14 0,906 14 1,071 14 0,516 14 0,237 14 0,143
16 1,005 16 0,918 16 1,101 16 0,515 16 0,225 16 0,134
18 1,053 18 0,975 18 1,123 18 0,514 18 0,215 18 0,127
20 0,986 20 1,038 20 1,14 20 0,513 20 0,206 20 0,12
25 1,045 25 1,055 25 1,154 25 0,512 25 0,188 25 0,108
30 0,974 30 0,939 30 1,137 30 0,511 30 0,174 30 0,099
35 0,986 35 0,993 35 1,094 35 0,51 35 0,162 35 0,092
40 1,036 40 1,059 40 1,037 40 0,509 40 0,153 40 0,086
50 0,987 50 0,966 50 0,926 50 0,508 50 0,138 50 0,077
8=1302 6=1402 8=1502 B=160° 8=1702

R/L KD R/L KD R/L KD R/L KD R/L KD
14 0,105 14 0,087 14 0,076 14 0,07 14 0,067
16 0,099 16 0,081 16 0,071 16 0,066 16 0,063
18 0,093 18 0,076 18 0,067 18 0,062 18 0,059
20 0,088 20 0,073 20 0,064 20 0,059 20 0,056
25 0,079 25 0,065 25 0,057 25 0,053 25 0,05
30 0,072 30 0,059 30 0,052 30 0,048 30 0,046
35 0,067 35 0,055 35 0,048 35 0,044 35 0,042
40 0,062 40 0,051 40 0,045 40 0,042 40 0,04
50 0,056 50 0,046 50 0,04 50 0,037 50 0,036

Es importante senalar que los coeficientes de difraccion obtenidos son aproximados ya
que no se ha interpolado sino que se ha buscado el valor mas cercano dependiendo
con que datos se entra a la tabla, ademas de tomar para todas las relaciones de R/L
mayores de 50 los coeficientes para este ultimo. Esto hara que los resultados que se
han obtenido de altura de ola en el punto B sean un poco distintos a si se hubiese
hecho interpolando uno a uno los coeficientes.

No obstante los resultados seran del mismo orden de magnitud y al ser tan numerosos
los resultados serviran perfectamente para tomarles como referencia para poder
realizar el disefio del puerto.



6) Obtencién de los parametros en la zona de estudio

Para obtener finalmente la altura de ola propagada en la zona del puerto pse ha
propagado en primer lugar desde aguas profundas hasta el punto C:

He = Hg - Ks¢ * Kgc
Para obtener finalmente la altura en B se ha realizado la siguiente operacion:

Hg = H¢ - Ksg - Kpp * Kp

1.4.2.2. Consideracion respecto del nivel del mar

Los datos de los que se dispone son los correspondientes a la marea astronémica
(MA) y la marea meteorolégica (MM), a la hora de trabajar con ellas trabajaremos con
su suma, no con ellas independientemente.

Para obtener el nivel en los puntos B y C se suma a la altura ya obtenida del Autocad
en bajamar la suma de ambas mareas.

Pero al visualizar los datos de cada marea en Matlab (mediante la funcién plot()) se ha
observado que se tienen cotas negativas y positivas y todas son medidas respecto de
un nivel medio, se muestran las graficas obtenidas por Matlab de la Marea
Astrondmica (MA) (figura 1.16) y la Marea Meteorolégica (MM) (figura 1.17)
respectivamente:
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1721948 14111958 1/111968 1411978 1/111988 1/1/1998 17142008

Figura 1.16. Serie de Marea Astrondmica (MA).

3 1 I 1 | 1 I
17211948 1141958 1111968 111978 1111988 14141998 1/1/2008

Figura 1.17. Serie de Marea Meteorol4gica (MM).



En la figura 1.18 se ha representado conjuntamente como suma y se ha observado lo
mismo, que los valores oscilan respecto de un nivel medio:

7 I I I 1 1 I
1121348 1/1/1358 141/1968 14171978 14171388 1411993 1/1/2008

Figura 1.18 Serie de marea conjunta.

Y la situacion que se quiere conseguir es la mostrada en la siguiente imagen en la
figura 1.19

N Nivel medio anterior

MM + MA

)n

Cota en el punto en bajamar

Figura 1.19. Esquema de la situacion buscada

En Matlab, solucionando esto seria lo siguiente, siendo min(N1) = -2,3546m, mediante
la creacion de una variable llamada N2 que sera: N2 = N1 - min (N1).
La representacion de la solucion del nivel del mar es la mostrada en la figura 1.20.

4 T T T T
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34
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0 I | |
17211848 1/1/1958 14111868 111578 17111988 17171938 1412008

Figura 1.20. Serie conjunta de marea corregida




1.4.2.3. Comprobacion

Para comprobar que el programa hace los calculos correctamente se ha elegido una
terna de valores al azar y se ha realizado manualmente para comprobar que
proporciona los mismos valores.

Los datos para la tercera fila son:

8

= 150,318007m

ARo | Mes | Dia | Hora | Hs(m) Tp(s) Dir(°N) MA(m) MM(m)
1948 | 2 1 2 | 3,873465 | 13,572682 | 306,76575 | -1,4011665 | -0,039423898
Nivel Nivel minimo Nivel corregido | Profundidad en B Profundidad en C
. (Nivel- (7+Nivel (10+Nivel Corregido)
(MM+MA) (m) de serie(m) Nivelmin) (m) Corregido) (m) (m)
-1,4406 -2,3518 0,9112 7,9112 10,9112
‘Command Window
Ly =15613- T? = 1,5613 - 13,5726822 = 287,6190898 m > to0s)
_ Lo _ 2876190898 .. o e
=77 13572882 7 m/s v o)
21.1810
co 21,13102841
Cgo = - = —————— =10,59551394 m/s >> Cg0(3)
2 2
10.5955
a1 2
Ly = Lo~ (tanh |(Z22)* e
B = Lo an P =
5 3
'7"2.7'9112 41 2
287,6190898 - (tanh <%) )3 = 129,6287178m > LB(3)
ans =
3 129.6287
0'2 . hC 4 z
LC —_— LO * (tanh < 8 ) )3 - LCI:3:|
2 E ans =
-7'[ 4 1
(Gaes5755)2 - 10,9112\ | ,
= 287,6190898 - (tanh 13,572682 )3 150.3180




»> nB(3)

1 2-k-hp 1 '(1296227;7178)'7’9112 =ne T
ng = 7- ( W) == 1+ = = = 0,9541525316
sinh(2-k-hp) sinh(2-(Ggaagrrss) 79112) 0 8543
> nC(3)
21
o1 (1+ 2k he )-- L 2 (155318007) * 109112 ans =
R _ —— .
2 sinh(2-k-h 2 . 21
( 2 sinh(2 - (157.37g007) - 10:9112) 0.9369
= 0,9368500363
>> CgBi(3)
Ly 1296287178 9541525316 = 9,112831924 / e
CB:CB.nB:_.nB:—.' — ) m/s
g Tg 13,572682 5.1126
L 150318007 ) 9368500363 = 10,37565238 ) T e
CgC=CC'nC=_'nC=—' ) = ) m/s
T¢ 13,572682 o
10.3757
>» K3B(3)
Kop = |22 = [L0290139% ) rgag6911 o
S8 legp 49112831924 1.0783
>» KaC(3)
oo~ |cao _ [1059551394 oo ans =
5S¢ ege — 10,37565238 7
1.0105

Co 1

sinf, sin6;

cos 6y
cos O c0s 338,8354532

sinf - CB> , (sin 306,76575 - 9,550707649)
——— | = arcsin

- O = arcsm( 21,19102789

Co
—21,16454676 + 360 = 338,8354532¢

sin 90'cc> _ (sin306,76575 : 11,07504081)
— | == arcsin

0, = arcsm( 21,19102789

Co
—24,7507938 + 360 = 335,2492062°

»>> KrB(3)

ans =

€05306,76575 _ 0,8011482506

0.8011

»» DirB(3)

ans =

338.8355

>> DirC(3)

ans =

335.2482



>» ErC(3)

cos 6, cos 306,76575 ans =
Kge = = = 0,8118439693

cosf. .|cos335,2492062
0.8118
Para difraccion se necesitan los siguientes datos:
DirC LC(m) R (m) a
335,2492° 150,318 3510 102,21=100°

Angulo corregido: 360 - 3352492 + 90 = =»» RBngi(3)  >> RLi(3)
114,7508°

ans = ans =
R/L =3510/ 150,318 = 23,35 =25
114.7508 23.3505
>> EDi(3)

El programa buscara los valores por aproximacion, no interpolara. ans =
Para estos datos mediante las tablas tenemos se ha obtenido un KD 0.1880
de 0,1880
Finalmente obtenemos las alturas: >> HC(3)
H; = Hg - Kpc - Kgc = 3,873465 - 1,010539531 - 0,8118439693 = 3,17779 m ans =
Hp = Hc - Kgp * Ksp - Kg = 3.1778

= 3,17779 -1,078286911 - 0,8011482506 - 0,188 = 0.5161m >> HB(3)

ans =

0.5161

De modo que lo que el programa realiza es la propagacion desde aguas profundas
hasta el punto B donde se encuentra el puerto pasando por el punto C auxiliar. Como
se ha mencionado anteriormente se puede observar el problema completo en el Anejo
informatico.



ANGULO DE INCIDENCIA, =110 GRADOS

] 10 20 30 40 50 6070 120 130

01

14,0
16,0
L | E!.ﬂ
200
250

AN

35,0
40,0
50,0

140 150 160 170 180

0,502 0,503 0,508 0516 0,528 0,543 0,562 0,584 ; B 0747 0,788
0,395 0,396 0,402 0411 0424 0442 0464 0451 404 0,653 0705 0761
0,335 0,337 0,342 0,352 0,355 0,384 0407 0437 N?E '0,515 0RET 0624 0,688 0,756
0,296 0,288 0,303 0,312 0,326 0,344 0,368 0,309 0437 0484 041 0.607 0,681 0,760
0,268 0,268 0,274 0,283 0,286 0,15 0,230 0,370 0410 0460 0822 0585 0578 0,768
0,246 0,248 0,253 0,261 0,274 0,202 0,316 0,347 0,388 0,441 0J06 0,586 0,678 0,778
0,229 0,230 0,235 0,243 0,256 0,273 0,207 0,328 0,370 0.424 0083 0,579 0,679 0,788
0,215 0,216 0,221 0,220 0,241 0,257 0281 0,312 0,354 0410 082 0,573 0,682 0,800
0,203 0,204 0,209 0,215 0,228 0,244 0,267 0,298 0,340 0,397 0873 0,569 0,685 0,812
0,193 0,194 0,198 0,206 0,217 0,233 0,255 0,236 0,328 0,386 054 0,565 0,688 0,823
0,158 0,159 0,163 0,169 0,179 0,183 0,213 0,242 0,283 0,344 0,
0,137 0,138 0,141 0,147 0,155 0,168 0,186 0,213 0,253 0,314
0,123 0,124 0,126 0,132 0,139 0,151 0,168 0,183 0,231 0,281 0,
0,112 0,113 0,116 0,120 0,127 0,138 0,153 0,177 0,213 0,273 0
0,104 0,905 0,107 0,411 0,118 0,128 0,142 0,164 0,199 0,258 0
0,097 0,038 0,100 0,104 0,110 0.120 0,133 0,154 0,188 0,245 0
0,092 0,082 0,094 0,008 0,104 0,113 0,126 0,146 0,178 0,2 0
0,087 0,088 0,090 0,093 0,089 0,107 0,120 0,139 0,169 0.224 0
0,079 0,080 0,082 0,085 0,080 0,098 0,108 0,127 0,156 0,208 0
0,073 0,074 0,076 0,079 0084 0,091 0,101 0,118 0,145 0,195 0
0,060 0,089 0,071 0074 0,078 0,085 0,085 0,110 0,136 0,183 0
0,065 0,085 0,067 0,069 0,074 0,080 0,089 0,104 0,128 0,174 0
0,061 0,062 0,063 0,066 0,070 0,076 0,085 0,099 0,122 0,165 0
0,056 0,057 0,058 0,060 0,064 0,069 0,077 0,090 0,111 0,152 0,518 1,034 0,955
0,052 0,062 0,054 0,056 0,059 0,064 0,072 0,083 0,103 0,142 7 0,516 1,000 0,508
0,045 0,049 0,050 0,052 0,055 0,060 0,067 0,078 0,097 0,433 0,225 0,515 1,089 0,921
0,046 0,046 0,047 0,049 0,052 0,057 0,063 0,074 0,091 0,126 Q348 h
ONM3 0,044 0,045 0,047 0,049 0,054 0.060 0,070 0,086 0.1 (\, 4 1,138 1,038
R e e e R () / 2 1,153 1,053
2035 0,036 0,037 0,038 0,040 0,044 0,049 0,057 0,071 0,098 0,511 1,136 0,941
0,033 0,083 0,034 0,035 0,037 0,041 0,045 0,053 0,065 0,091 0.162 0,510 1,034 0,994
0,031 0,031 0,032 0,033 0,035 0,038 0,042 0,049 0,061 0,085 0,153 0,510 1,037 1,057
0,027 0,026 0,028 0,029 0,031 0,034 0,038 0,044 0,055 0,076 0,138 0,509 0,927 0,967

8 0,531 0,610 1,080
0,520 0,29 1,101
0,528 0,848 1117

0,518 0,990 1,037

0,831 0874 0,917 0,960 1,000
0818 0873 0,923 0967 1,000
0,624 0589 0,943 0,982 1,000
0,839 0910 0,968 0,998 1,000
0,857 0,534 0883 1,012 1,000
0,875 0,958 1,040 1,023 1,000
0,885 0,961 4,029 1,030 1,000
0,914 1,002 1,043 1,033 1,000
0,932 1,021 1,054 1,033 1,000
0,950 1,037 1,060 1,028 1,000
1,026 1,086 1,042 0,988 1,000
1,079 1,080 0,983 0,380 1,000
1,107 1,035 0,854 1,013 1,000
1,112 0,980 0981 1,016 1,000
1,099 0,942 1,025 0,966 1,000
1,070 0,939 1,035 0,967 1,000
1,032 0,960 1,008 1,011 1,000
0,092 1,011 0,873 1,012 1,000
0,831 1,062 1,002 0,989 1,000
0,825 1,001 1,021 1,010 1,000
0,971 0,955 0,574 0,991 1,000
1,030 0,993 1,043 1,009 1,000
1,063 1,039 1,009 0,932 1.000
1,012 0,967 1,018 0,953 1,000
0544 1,027 0,985 0,953 1,000
1,005 0,879 0,990 0,934 1,000
1,049 1,045 1,017 0,554 1,000
0,967 0,992 1.002 0,994 1,000
1,041 0,875 0,986 1,005 1,000
0,976 0,985 0,993 0,995 1,000
0,987 1,008 1,009 1,004 1,000
1,033 1,020 1,010 0996 1,000
0,98& 0,992 0,989 0,936 1,000

El programa genera los vectores de la altura de ola en B y en C, asi como sus angulos
de incidencia en ambos puntos limitados entre los angulos anteriormente descritos,
ademas de todos los vectores necesarios para obtenerlos.

Estos vectores son necesarios para la obtencion de los regimenes de oleaje tanto
medio como extremal, para las rosas de oleaje y los histogramas de altura de ola y
direccién, asi como las alturas de disefo.

1.4.3. Resultados

El objetivo de este apartado es obtener los resultados a partir de la propagacion
realizada en el apartado anterior de la serie de oleaje y obtener sus caracteristicas
mas representativas.

Régimen medio oleaje.
Régimen extremal oleaje.
Rosa de oleaje e histogramas de altura y oleaje.



Tanto para aguas profundas como para los datos ya propagados al punto C base para
la difraccion y al B de la zona de estudio, obtenidos mediante Matlab a partir del
procedimiento descrito en el apartado anterior.

1.4.3.1. Régimen medio y régimen extremal

1.4.3.1.1. Consideraciones teodricas

Régimen medio oleaje

El régimen medio de cualquier magnitud relaciona los diversos niveles de la misma
con la probabilidad de que dichos niveles no sean superados en un periodo de
tiempo igual al afio medio.

En el caso del oleaje, se denomina régimen medio de oleaje a la distribucion
estadistica que define el porcentaje de tiempo en que, durante el afio medio, la
altura de ola (o el periodo) no excede de cada valor.

La elaboracién del régimen de oleaje en una zona de la costa puede realizarse a
partir de observaciones tomadas por barcos en ruta o bien a partir de registros
obtenidos por boyas.

Las funciones de distribucion de probabilidad de no excedencia mas utilizadas son:

X
. 1 1 1 /nx-4 2]
LogN F = | = _ =
m funcién LogNormal (x) BVon Ofx exp[ > ( B ) dx
m funcion Exponencial F(x) =1—exp[— B (x — A)]
_ Cc
m funcién Weibull F(x)=1—exp [— (x B A) ]

donde x es el valor de la variable y A, B y C los parametros de posicion, escala y
forma de la funcién.

Régimen extremal oleaje

En el disefio de estructuras maritimas se utilizan estados del mar extremos con una
intensidad tal que soélo exista una pequefia probabilidad de que esa intensidad sea
superada en la vida prevista de la estructura.

Como la vida prevista suele exceder con mucho al periodo de tiempo cubierto por
los datos es necesario realizar extrapolaciones en las funciones de distribucion
estimadas a partir de las frecuencias de ocurrencia.

El régimen extremal requiere de la definicion de un suceso extremo, o lo que es lo
mismo un estado de oleaje con un cierto contenido energético y por tanto que se
caracteriza por un cierto valor de altura de ola, por lo general altura de ola
significante Hs.

Al igual para el régimen medio de oleaje existen una serie de distribuciones para
realizar el régimen, se elegira una u otra segun cual se ajuste mejor a los datos:



1.4.3.1.2. Metodologia

Para realizar el calculo del Régimen medio y del Régimen extremal se ha utilizado un
programa en Matlab desarrollado por el Instituto de Hidraulica Ambiental de Cantabria
(IH Cantabria), el programa es el denominado como AMEVA (Analisis Matematico y
Estadistico de Variables Ambientales).

El IH Cantabria describe el programa como:

"El software AMEVA es un conjunto de funciones desarrollada en Matlab que integra
las diversas metodologias de analisis estadistico implementadas por muchos de los
investigadores del Instituto de Hidraulica Ambiental, con el objeto de estudiar y
caracterizar variables medioambientales en general.

Esta herramienta se desarrolla con la finalidad de que cada una de sus partes pueda
ser utilizada de forma independiente en forma modular. La versién v1.3.2, incluye los
modulos principales de Calibracién, Estadistica descriptiva, Ajuste de distribuciones:
Estadistica extremal (GEV) y el ajuste POT, Pareto Poisson y los maddulos
secundarios: Clasificacion, Maximos temporales, Persistencias, Tablas de ocurrencias
y el Modelo Heterocedastico.".

Una vez instalado el programa siguiendo las instrucciones que proporcionan, se ha
usado el fichero de datos .dat.

e Régimen medio
Se han leido las columnas en Matlab (programa y explicacion mas detallada en el
apartado 1.4.2. de Propagacion y Anejo Informatico) y se transforma el vector
columna de Hs en un archivo .m para poder utilizarlo en el programa Ameva.
Se ha contado con datos desde 1948 hasta el 2008, es decir de 60 afos como se
ha explicado en el apartado 1.2.

Nada mas cargar los datos de Hs en aguas profundas, el programa proporciona la
siguiente informacion:

- min->0.020856

- max->11.6333

- mean->2.0193

A continuacion se ha realizado lo representado en la ventana siguiente para entrar
en las opciones de distribuciones que ofrece el programa.

[ AMEVAv1.3.1 e S |

AMEVA  Archiva  Preprocesado de datos | Mod, independientes] Mod, metodolagicos !"

%

Estadistica descriptiva  »
Ajuste de distribuciones

Estadistica extrema »
Regresian b

Mineria de datos »



Para ajustar los datos se ha elegido de entre todas las opciones disponibles la
distribucion log-normal y la serie de datos de Hs. La imagen que Ameva
proporciona es la siguiente donde muestra la formula que utiliza para ajustar los
datos asi como otra informacion es la representada en la figura 1.21.

Ajuste de distribuciones de variables medioambientales v1.5.2 (130507) - a
File
Plot Type:
Data CIGOC) E— Cumulative Distribution Function of Hs
Distribution Plots to print 1 T
lognormal v | |CDF(X)_lognormal_Hs fig ;
) R A . .
New Fit
e .
lognormal cumulative distribution function
A .
1 Inz—p
Fy(x; = zerfe|—
x(%00) = 5 f[ aﬁ}
L T B T -
The best fit is: LOGNORMAL distribution, with loglikelihood = -751882.41 =
I B 08— — — .
Distribucion:  lognormal ~ =
Mean: 2.0133 i
Std: 1.2371
0.4 U SN
Log likelihood
= -751882 415
03
----- empirical data
lognormal fit
0.2 ~*| — — Percentile { 5%)=0.67 [|
— — Percentile (25%)=1.16
0.1 — — Percentile (50%)=169 |
— — Percentile (75%)=2.54
— — Percentile (95%)=4 51
0
10 12
v
Ameva: > Select new plot type or distribution typs save figure format [leps “fig +png

e Réqgimen extremal.

Figura 1.21. Ventana de Ameva Régimen Medio

Para conseguir el régimen extremal se ha utilizado de nuevo el programa Matlab.
Para el calculo se ha utilizado un cédigo ya programado proporcionado por el

director del proyecto.

Para su calculo Unicamente son necesarios el vector de fechas pasadas al formato
requerido mediante la funcion "datenum" y el vector de alturas en el punto donde
se quiera realizar el calculo.

Se ha optado por utilizar la herramienta GEV (funcién generalizada de valores
extremos) en lugar de POT (Pareto-Poisson). El programa AMEVA reproduce una
imagen con la forma analitica que usa que es la siguiente:



GEV Model: - 1/
F(z;p,v,6) = eﬁ(p{)il +§ TQL
p(t) = Bo+ Z{ﬂzifpo'.{w BoisitiwR)Bre +JS bwnn
P (t) = expl ao+ Z;[agifpoiiwt) + asi{iwk)Prad + Z@bknk’t)
E(t) =+ Z;hzifpos{iwt) + yasir(iwt)]

Model to Fit:
u(t) =5
P(t) =exp o)
&(t) =
Model Fitted:
u(t) =5
P(t) =exp o)
() ="

1.4.3.1.3. Resultados obtenidos

Régimen medio

Para aguas profundas se ha obtenido la grafica representada en la figura 1.22. En
ella se representa Hs frente a la probabilidad de no ser superada.

Se ha observado que, aunque el maximo es un valor alto igual a 11,633m, como
indica la leyenda de la grafica el percentil del 95% es igual a 4,51m, es decir, el
95% del tiempo es probable que te encuentres olas de 4,51m o menos, y es una
altura de ola menor de la mitad que la altura maxima de Hs registrada.

Esa acumulacién de olas menores de 4 metros se aprecia claramente en la grafica
representada en la figura 1.23. que lo representa como diagrama de barras,
enfrentando Hs a su frecuencia de ocurrencia y lo aproxima a una curva
logaritmica.
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Figura 1.22. Régimen medio aguas profundas
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Figura 1.23. Diagrama de barras altura de ola en aguas profundas
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Para el punto B donde se encuentra el puerto, tomando como datos la serie de
altura de ola en el punto B obtenida en el apartado de propagacién se ha obtenido
el siguiente régimen medio (figura 1.24.), el siguiente diagrama de barras (figura
1.25) y la siguiente informacion:

- min->0.0012187
- max->7.0342
- mean->0.31011

Cumulative Distribution Function of Hs

0.9

0.8

o =
) ~

Probability
(=]
o

0.4 -
————— empirical data
03 .................................. I FETPPPPPPS —
lognormal fit
————— Percentile { 5%)=0.03
Q.2 H 1 b —m e Percentile (25%)=0.07 -
fffff Percentile (50%)=0.15
fffff Percentile (75%)=0.34
Oy Percentile (55%)=1.17| |
0 | | I | |
3 4 5 6 7 8
Hs (m)

Figura 1.24. Régimen medio en el punto B
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Figura 1.25. Diagrama de barras de altura de ola en el punto B



Hs rdximo ()

Debido a la propagacién desde aguas profundas hasta el punto B se ha observado
que el oleaje ha sufrido una disminucion en sus alturas.

Esto es debido principalmente a la difraccion y su calculo. Ya que ha sido calculado
de manera analitica mediante las tablas de difraccion, esto hace que las alturas
obtenidas en el punto B no sean las exactas pero si sean una aproximacion buena
para realizar los posteriores calculos.

Asi se ha observado como por ejemplo en aguas profundas la altura de ola del 50%
sea de 1,69m y en el punto B de 0,15m.

Ademas de pasar a tener una gran acumulacion de olas menores de medio metro.

Régimen extremal

Para aguas profundas se ha obtenido el régimen extremal mostrado en la figura
1.27 por la metodologia antes expuesta

Zona 1

i i i | i i i L dli B
2 3 10 25 1] 1ao 200 300 400 500
Periodo de Retormo (afios)

Figura 1.26. Régimen extremal en aguas profundas

Para un periodo de retorno de 500 afios, en aguas profundas, se ha obtenido una
altura de ola de aproximadamente 12,3m.
Esto quiere decir que cada 500 afios se encuentran olas de 12,3m o menos.



Para el punto B se ha obtenido el siguiente régimen extremal mostrado en la figura
1.27.

Zona 1

GEV; 1 =3.070 & =-0.367 y =0.502 I

Hs maximo (m)

0 | | | | | | | | [
2 5 10 25 50 100 200 300 400 500

Periodo de Retorno (afios)

Figura 1.27. Régimen extremal en el punto B

Para el punto B donde se ha situado el puerto, para el periodo de retorno de 500
afnos la altura de ola correspondiente es de aproximadamente 4,35m.

Se ha observado que, al igual que en el régimen medio, debido a los fendmenos de
propagacion, especialmente por el fendmeno de difraccién la altura de ola ha
disminuido notablemente.

1.4.3.1.4. Tabla resumen de los resultados obtenidos

ENMETROS | Ha | Hww | Hao | Hoo |
Aguas profundas 1,69 3,6 11,8 12,3




1.4.3.2. Rosas de oleaje e histogramas de altura de ola y direccién

1.4.3.2.1. Metodologia

Las rosas de oleaje son una manera simple de ver conjuntamente la relacién entre la
frecuencia, la altura de ola y la direccion.

Existen varios tipos y representaciones. Para las | AEVA . ]
direcciones en aguas profundas se han obtenido |Per5|sten0|as
mediante el programa anteriormente descrito Maxi
aximos
AMEVA, con la funcion de estadistica descriptiva
AEVA (Analisis Estadistico de Variables Ambientales Clasificacio
AEVA). La herramienta de estadistica descriptiva es

un conjunto de funciones que permiten realizar el Tabla de ocurrencias

analisis estadistico de las variables ambientales que
se deseen.

Se cargan los datos que son los vectores de Matlab correspondientes a la altura de ola
(Hs, HC, HB) y al angulo de incidencia (Dir, DirC, DirB). Una vez cargados los datos y
ejecutados el programa muestra muchas opciones de representaciones muy utiles
para mostrar las relaciones entre ambas variables y su ocurrencia.

1.4.3.2.2. Para aguas profundas

Se muestran las rosas de oleaje que se han obtenido en las figuras 1.28., 1.29. y 1.30.

337.5% 225°

Hs (m)

| R
[ ERL
[ Js-s
|:|4-s
-
-

20257 157 5%

Figura 1.28. Rosa de oleaje | en aguas profundas
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Figura 1.29. Rosa de oleaje Il en aguas profundas
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Figura 1.30. Rosa de oleaje Ill en aguas profundas



El programa proporciona, ademas de las rosas de oleaje, que es una forma grafica de
representar la relacién entre el angulo de incidencia (Dir) y la altura de ola (Hs), otras
formas de observar esta relacion. Como son los histogramas de densidades
expresados por tonalidades y en 3D representados en las figuras 1.31y 1.32.

Density Histogram of Hs & Dir

I
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1 2 3 4 5 6 7 8 9 10 M
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Figura 1.31. Histograma de densidades en tonos en aguas profundas
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Figura 1.32. Histograma de densidades en -3D en aguas profundas.



Ademas de proporciona los histogramas para las dos variables, representados en las
figuras 1.32 'y 1.33.
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Figura 1.33. Histograma de Direcciones
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Figura 1.34. Histograma de periodos

Se observa que para aguas profundas, aunque el oleaje predominante es noroeste se
recibe oleaje desde todos los angulos.

Los angulos que se recibem desde el puerto son los oleajes provocados por el viento
que entra desde la costa, estos son muy escasos, como se observa en la tercera rosa
de oleaje, ocupan porcentajes entre 0,1-0,3%.



1.4.3.2.3. Para el punto C (Punto base para realizar la difraccion con HC y DirC)

A continuacion se muestran en las figuras de la 1.35 a la 1.41. lo mismo que para
aguas profundas para el punto C.
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Figura 1.35. Rosa de oleaje | para el punto C
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Figura 1.36. Rosa de oleaje Il para el punto C
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Figura 1.38. Histograma de densidades por tonos para el punto C
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Figura 1.39. Histograma de densidades en 3D para el punto C
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Figura 1.40. Histograma de direcciones para el punto C.
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Figura 1.41. Histograma de alturas de ola para el punto C

1.4.3.2.4. Para el punto B (Punto en el emplazamiento del puerto con HB y DirB)

A continuacion se muestran en las figuras de la 1.42 a la 1.48. lo mismo que para
aguas profundas para el punto B.
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Figura 1.42. Rosa de oleaje | en el punto B
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Figura 1.46. Histograma de densidad en 3D para el punto B
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Figura 1.47. Histograma de Direcciones para el punto B
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1.5. CONCLUSIONES

En este apartado se han expuesto por una parte, las consideraciones obtenidas de los
resultados del apartado anterior "1.4.3.2. Rosas de oleaje e histogramas de altura y
direccion” , y por otra la comparacion de los resultados obtenidos con la ROM con el
fin de comprobar su veracidad.

1.5.1. Consideraciones

Comparando las figuras entre aguas profundas (figuras de la 1.28. a la 1.34.) vy el
punto C (figuras de la 1.35. a la 1.41.), punto base para realizar la difraccion, del
apartado 1.4.3.2, se ha apreciado lo siguiente:

= Como al realizar Snell se han limitado los angulos procedentes de aguas profundas
de 280° a 85° se observa que no se reciben oleajes de la costa y se tiene todo el
oleaje en este rango, debido a esto hay que tener en cuenta que al eliminar los
datos procedentes de estas direcciones con el programa Matlab (mediante la
funcién NaN) se pasa de tener 534.000 datos a 523.230 (10770 datos que
despreciamos) cantidad importante pero que frente a la gran cantidad de datos con
los que se cuenta no afecta visiblemente a los graficos.

= Al observar las rosas de oleaje (figuras 1.28, 1.29 y 1.30. para aguas profundas y
1.35, 1.36. y 1.37. para el punto C), se ve que la direccion de incidencia
predominante pasa de ser 315° (aproximadamente) a 337,5° y pasa de ser mas
dispersa a concentrarse en esta direccion. Ademas, en la primera, se observa como
las alturas de ola son menores predominando los colores azules oscuros
correspondientes a alturas de ola de 3 metros 0 menos. Todo ello debido a la
propagacion.

= En el histograma 3D de densidades (figura 1.32 para aguas profundas y 1.39 para
el punto C) se ve como en aguas profundas se da una frecuencia mas o menos
predominante entre la altura de ola de 1m y la direccion de 315 (ambos
aproximados) , siendo esta no visible en el punto C.

= Debido a los efectos de refraccibn y Asomeramiento que se producen con la
propagacion, se observa en los histogramas (figura 1.34. para aguas profundas y
1.41. para el punto C) que la frecuencia de olas que rondan un metro de altura
aumentan considerablemente en relacidon con la frecuencia con la que se daban en
aguas profundas.

= Ademas, en el histograma de direcciones (figura 1.33. para aguas profundas y 1.40.
para el punto C) se observa lo que ya se ha visto en las rosas, que hay un
incremento y una concentracion del oleaje que procede de una direccién en torno a
los 337,5°.

Analizando las figuras obtenidas para los tres puntos (figuras desde la 1.28 a 1.48), en

relacion a este punto B observamos lo siguiente:

= La rosa de oleaje primera (figura 1.42) pasa a ser completamente azul ya que la
mayoria de las olas obtenidas debido a la propagacion y especialmente al
fendbmeno de difraccion han disminuido notablemente su altura de ola hasta pasar a
ser menores de un metro.



» En la tercera rosa de oleaje (figura 1.44) se ve como practicamente el 70% (68,6%)
de los oleajes tienen la direccion de 337,5°.

= Se sigue observando esta tendencia en los diagrama de densidades (figuras 1.45y
1.46), en el que se expresa por tonalidades se tiene una unica concentracion de
direcciones y alturas de ola en la direccion antes mencionada en las alturas de ola
menores de 1m, y en el 3D se ve la misma coincidencia con una frecuencia relativa
de 0,16 cuando en el punto C no llegaba a un 0,02.

= Y otra forma de visualizar esta tendencia es en los histogramas de altura de ola y
direcciébn de oleaje, se aprecia perfectamente la nueva tendencia, de olaje
predominantemente de 325 y 335 grados y altura de olas muy bajas.

Se concluye pues, que la propagacion por Snell desde aguas profundas hasta el punto
B pasando por un punto C intermedio hace que las olas se concentren en una
direccion de oleaje predominante entre 325 y 335 grados y la altura de ola, debido a
los fendmenos de propagacién y mas en concreto a la difraccion, se vea muy
disminuida pasando a tener alturas de ola muy bajas.

1.5.2. Comparacién con la ROM

Una vez analizado el clima maritimo es interesante contrastar los datos obtenidos con
los que recoge el programa ROM (Recomendaciones para Obras Maritimas), mas
concretamente la ROM 0.3-91.

1.5.2.1. Ambito de aplicacion

Para conocer su ambito de aplicacién la ROM se proporciona lo siguiente:

"El Anejo | de la Recomendacion 0.3. Oleaje: Clima Maritimo en el Litoral Espafiol,
sera de aplicacion en el proyecto, construccion, y explotacion de todas las obras
maritimas y portuarias cualquiera que sea su clase o destino, asi como los materiales
y elementos empleados en su construccion, siempre y cuando se encuentren ubicadas
en el litoral espafiol y estén afectadas por los mismos oleajes que el emplazamiento de
alguna de las fuentes de informacion disponibles analizadas."

1.5.2.2. Zonificacién

Esta ROM contiene un apartado de zonificacién en el que divide el litoral espafiol en
10 zonas definidas en base a caracteristicas climaticas homogéneas, a la
configuracién de la costa, y al emplazamiento de las fuentes de informacién disponible.
El mapa que surge de esta zonificacién es el mostrado en la figura 1.49. que se
muestra a continuacion:



TABLA 2.2.1. ZONIFICACION DEL LITORAL ESPANOL A EFECTOS DE CARACTE-
RIZACION DEL CLIMA MARITIMO

AREA CUADRICULA
| 43° N-45° N
15°W- 7° W

' 432°N-45° N
75 W-11° W

" 415°N-432°N
85 W-11° W

v 35° N-37,1°N
5,6°W-10° W

v 35° N-37° N
2° W- 56° W

Vi 35° N-38° N
2° W- 2° E

Vil 378°N-405°N
1° W- 2° E

Vil 405° N -425°N
0,0°W- 45°E

X 383°N-41° N
05°E- 55°E

x 265° N-30,5° N -
127 W-20° W - .

Figura 1.49. Zonificacién proporcionada por la ROM

La zona de estudio del puerto corresponde con la ZONA |I. Limitada por las
coordenadas indicadas arriba en la figura 1.49.

1.5.2.3. Caracteristicas técnicas de la informacion analizada por la ROM

El programa ROM contiene una serie de datos para las distintas zonas en las que ha
dividido el litoral espanol, resulta interesante conocer para los puntos de la zona de
estudio (zona 1) la informacién que la ROM proporciona.

El programa en el punto 2.4 proporciona la siguiente informacion sobre esto:

"La informacion visual analizada procede del Banco de Datos Visuales del CEPYC,
suministrada por el National Climatic Data Center de Asheville (Carolina del
Norte,USA).

Dicha informaciéon cubre todas las areas definidas para la caracterizacion del Clima
Maritimo del Litoral Espafiol, y abarca todas las observaciones realizadas en el
periodo comprendido entre 1950 y 1985.

La informacion instrumental analizada procede de los datos registrados por las boyas
de medida pertenecientes a la REMRO, con informacion fiable suficiente para la
representatividad de algunos de los analisis estadisticos realizados. Se ha analizado
informacién procedente de 17 boyas."

Dichas boyas para la zona | vienen representadas en el esquema representado en la
figura 1.50.



TABLA 2.4.1. LOCALIZACION ¥ CARACTERISTICAS DE LA INFORMACION INSTRUMENTAL ANA-
LIZADA
Profundidad )
Area Bovade | Coordenadas | defondec | Periodo (L,
medida de situacion en BMVE | de medida [
{m) {m])
43 27 55 N
Bilbao (Moma) 4N 1078-1984
S 42024 N . 30
I | Bilbae (Ext £85-1090
B garw
Gijén e N 22 [1pe1-1000
I W
; 7 - 47 24 45" N
p e I Consfia g W 53 |1085-1920 |3.0
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Figura 1.50. Boyas proporcionadas por la ROM

La tabla proporciona ademas de la ubicacion aproximada de la boya por sus
coordenadas, la profundidad de fondo, el periodo de medida de las boyas utilizadas y
las alturas de ola significante establecidas en cada area como umbral para
condiciones de temporal.

1.5.2.4. Andlisis de los datos

A continuacién se han analizado los datos que proporciona la ROM con los de la serie
de datos en aguas profundas .dat que se ha utilizado para realizar el proyecto. Cabe
sefalar que los datos del puerto del proyecto estan entre Gijén y Bilbao, siendo mas
cercano a Bilbao.

1.5.2.4.1. Direcciones significativas

Las direcciones predominantes que proporciona la ROM son las mostradas en la figura
1.51, nos interesan las de la zona | de Bilbao por estar mas cerca del emplazamiento
del puerto.
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Figura 1.51. Direcciones significativas proporcionadas por la ROM para la zona |



Las direcciones que indica la ROM para la zona de Bilbao es entre NW y N. El oleaje
de aguas profundas de la serie de datos de Laredo proporciona los resultados
mostrados en la figura 1.52.:
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Figura 1.52. Oleaje en aguas profundas en la zona de Laredo

Se comprueba que el oleaje predominante tal y como indica la ROM es la direccion
Noroeste (NW) entre 292.5° a 337.5° y Norte (N) entre 337.5° a 22.5°.

Pese a no ser datos concretos de la zona los que proporciona la ROM al ser Bilbao
cercano a Laredo se han obtenido resultados concordantes con los proporcionados
por la ROM.

1.5.2.4.2. Rosas de oleaje

Las rosas de oleaje que proporciona la ROM estan divididas en oleajes tipo SEA y tipo
SWELL, las que se han obtenido en el apartado "1.4.3.2. Rosas de oleaje e
histogramas de direcciones y altura de ola" son del oleaje conjunto, luego sera la suma
de ambas rosas expresadas de manera conjunta.

La siguiente figura 1.53. muestra las rosas de oleaje que la ROM proporciona para la
ZONA | de estudio, que deberan ser similares a las obtenidas en el apartado anterior,
teniendo en cuenta la posible variacion debido a las consideraciones ya explicadas en
apartados anteriores.



A-OBSERVACIONES VISUALES : ROSAS DE OLEAJE

ESCALA DE ALTURAS H, (m)

................
---------------

FRECUENCIA (%}

bt
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. Figura 1.53. Rosas de oleaje pfgporcionadas por la ROM

La rosa de oleaje correspondiente a aguas profundas sin limitar ninguna direccion es
la mostrada a continuacion en la figura 1.54.:
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Figura 1.54. Rosa de oleaje en aguas profundas para la zona de Laredo sin limitar las
direcciones

Como se observa los resultados concuerdan, siendo la direccion predominante la
Noroeste (de unos 315°) asi como las olas de mayor altura.

También se observa que en las direcciones entre 90° y 270° apenas se tiene oleaje.



1.5.2.4.3. Régimen medio

El régimen medio que proporciona la ROM para Gijén y Bilbao es el mostrado en la
figura 1.55. siguiente:
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Figura 1.55. Régimen medio proporcionado por la ROM para la Zona I.

Para realizar la comparacién con el régimen medio obtenido mediante Matlab se han
tomado un par de datos representativos:

- Para una Hs = 1m, se ha obtenido una probabilidad acumulada de
aproximadamente 0,4 (40%).
- Para una Hs = 5m, se ha obtenido una probabilidad acumulada de

aproximadamente 0.998 (99,8%).

En la pagina siguiente se muestra en la figura 1.56. el régimen medio para los datos
en aguas profundas en Laredo, mirando que probabilidades corresponden a las alturas
que se han analizado para el régimen medio de la ROM obtenemos:

- Para un Hs = 1m, una probabilidad acumulada de aproximadamente 0,2 (20%).

- Para un Hs = 5m, una probabilidad acumulada de aproximadamente 0,997 (99,7%).

Se observa que para una altura de 1m se tiene bastante diferencia de probabilidad, sin
embargo, para alturas mayores como la de 5m la probabilidad se asemeja mas. Esta
diferencia se puede deber a que la zona donde se situara el puerto es intermedia a
ambas, 0, a que la de estos datos se ha realizado a una distancia de la costa
significativamente diferente de la de Gijén y Bilbao.



Normal Probability Plot of Hs

0.5

Probability

0.25

0.1
0.05

0.0001

10" 10” 10
Hs (m)
Figura 1.56. Régimen medio en aguas profundas en Laredo

1.5.2.4.4. Régimen extremal

El régimen extremal proporcionado por la ROM es el mostrado en la figura 1.57.
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Figura 1.57. Régimen extremal proporcionado por la ROM para la Zona |



Al igual que para analizar el régimen medio se han tomado un par de valores

representativos del régimen extremal:

- Para un periodo de retorno de 200 afios se ha obtenido una altura en Gijén de unos
9m y en Bilbao de cerca de los 10m.

- Para un periodo de retorno de 500 afios se obtiene una altura en Gijén de unos
9,5m y en Bilbao de unos 11m.

El régimen extremal obtenido mediante Matlab a partir de la serie de datos es el que
se muestra en la figura 1.58.:

Hs maxima (m)

2 3 10 25 a0 100 200 300 400 500
Periodo de Retorno fafios)

Figura 1.58. Régimen extremal para aguas profundas en Laredo

Se han obtenido los valores para los mismos periodos de retorno que antes:
- Para un periodo de retorno de 200 anos, la altura es aproximadamente de 11,8m.
- Para un periodo de retorno de 500 afos, la altura es de unos 12,4m.

Analizando los datos se ha observado que los resultados obtenidos se asemejan mas
a los de Bilbao que a los de Gijon.

Al igual que con el régimen medio se han obtenido unos valores menores a los que la
ROM proporciona para Bilbao y Gijén, esto puede ser debido a la misma razén que la
ya comentada para el régimen medio.

Ademas en el caso del régimen extremal se ha utilizado matlab mediante la
herramienta GEV (funcién generalizada de valores extremos) y la ROM mediante la
herramienta POT (Pareto-Poisson).
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CAPITULO 2. CRITERIOS GENERALES DE DISENO

El objeto de este capitulo es establecer los parametros, cuestiones y criterios
necesarios para poder realizar en los capitulos siguientes el disefio en planta del
puerto y el talud.

Para su realizacion se ha utilizado principalmente la ROM (Recomendacién de Obras
Maritimas) y otra serie de documentos que se detallaran mas adelante.

2.1.CONSIDERACIONES EN PLANTA

En este apartado se ha establecido la flota del puerto asi como una serie de
cuestiones relacionadas con ella como es el precio del amarre, los ingresos que recibe
el puerto, y por otro lado la serie de documentos utilizados para llevar esta tarea a
cabo.

2.1.1. Flota
2.1.1.1. Elecci6n de la flota

Para establecer la flota del puerto deportivo se han tenido en cuenta tres factores:
- La flota del puerto actual.

- La flota de los puertos cercanos.

- La tendencia de los puertos deportivos en general.

= LAFLOTA DEL PUERTO ACTUAL.
El actual puerto de Laredo consta con 857 amarres, estos estan disponibles en su
pagina http://marinadelaredo.es, ademas de mas informacién como son las tarifas,
el tiempo, etc.
En la figura 2.1 se encuentra la tabla proporcionada por la pagina web
anteriormente mencionada en la que se encuentra la informacién de los atraques
del actual puerto de Laredo.

Numero de atraques

ESLORA (m.) MANGA (m.) TOTAL
6 2,8 155
8 3,6 202
10 4,2 246
12 4,8 152

15 6 62
18 6,6 30
20 6,6 10

Figura 2.1. Atraques del actual puerto de Laredo



En las siguientes imagenes, las figuras 2.2. y 2.3. se pueden observar fotos del
actual puerto de Laredo asi como su planta en la figura 2.4.
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T:Tgura 2.2. Foto del actual puerto de Laredo (parte anti

Figura 2.3. Foto del actual puerto de Laredo (parte nueva)

Figura 2.4. Planta del actual puerto de Laredo



LA FLOTA DE LOS PUERTOS CERCANOS

Puerto de Santofia.

Santofia es el puerto mas cercano al de Laredo hacia el oeste, no hay informacion
del numero de atraques ya que no dispone de pagina web pero, si se visualizan
fotos del puerto se observa que la mayoria de las embarcaciones que conforman su
flota son barcos de pequefio tamafo dispuestos en pantalanes.

En las siguientes imagenes, figuras 2.5 y 2.6, se observa un ejemplo de las
embarcaciones que se encuentran en el puerto y una planta del mismo
respectivamente.
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Planta del puerto de Santofia
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Puerto de Castro Urdiales.

El puerto de Castro Urdiales es el puerto mas cercano al de Laredo por el este.
Tiene un puerto de menor tamafio bien abrigado para embarcaciones de pequefio
tamafo y luego cuenta con un gran abrigo en el que los barcos estan fondeados
mediante boyas.

En las siguientes imagenes, figuras 2.7. y 2.8., se observa un ejemplo de la flota del
puerto de Castro Urdiales y una planta del mismo.
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Figura 2.8. Planta del puerto de Castro Urdiales



LA TENDENCIA DE LOS PUERTO DEPORTIVOS EN GENERAL.

Se ha buscado la tendencia de la demanda del tamano de flota de los amarres y se
ha observado lo mostrado en la figura 2.9. que relaciona las esloras de las
embarcaciones con la demanda.

40%

m Segin gestores instalaciones

35% 0 Segdn encuestas usuarios | |
30% I_

25%

20% -

15%

10%

5%

0% - ._\ -

<6 Gad 8§a12 12a15 15a18 18 a24 24 a30

Esloras
Figura 2.9. Demanda de las distintas esloras de embarcaciones

CONCLUSIONES

Teniendo en cuenta los factores anteriores se ha podido concluir lo siguiente para
formar la flota del proyecto:

El nuevo puerto ya construido dispone de 857 amarres, el puerto del proyecto
dispondra de menos ya que el actual no tiene una gran ocupacion y con menos
amarres se seguira cubriendo la demanda de los navegantes que quieran atracar
su barco, que al fin y al cabo es el fin del puerto deportivo.

Ya que los puertos de los alrededores no disponen de amarres con pantalanes para
grandes embarcaciones (de 20m) se dispondra en el puerto de atraques para
embarcaciones de este tamarfo para asi poder satisfacer esta demanda.

Se ha observado que la mayoria de los atraques del nuevo puerto son para
embarcaciones de entre 6 y 12 metros de eslora, que los barcos que se encuentran
en los puertos cercanos son de pequefio tamafo y que esto corresponde con la
tendencia observada en la tabla, se ha conservado esta tendencia y mantenido la
mayoria de los atraques entre estos tamanos, aunque, se han anadido atraques
para embarcaciones de mayor tamafo para poder satisfacer ambas demandas.

En base a las conclusiones sacadas ese ha estimado una flota mostrada en la figura
2.10.. Como es una flota a priori para poder hacer un primer disefio del puerto puede
ser que el numero de atraques de alguna de las dimensiones varie debido a las
exigencias geométricas del disefio.



NUMERO

ESLORA (m) MANGA (m)

ATRAQUES
8 3,5 120
10 3,8 130
12 4 70
15 5 30
18 6 10
20 6 10

Figura 2.10. Flota del puerto del proyecto

2.1.1.2. Tipo de embarcaciones

La flota de un puerto variara de una zona a otra dependiendo de la demanda, de las
caracteristicas de la zona, de la poblacion cercana y de la funcién prioritaria que se le
quiera dar al puerto.

El tipo de embarcaciones condicionara parte del disefio del puerto, debido a sus
diferentes tamanos y formas.

Se encontraran principalmente tres tipos de embarcaciones: pequenos barcos de
recreo y pesca, veleros y yates.

Es importante destacar que lo que condiciona principalmente un amarre es la manga
del barco, sobre todo cuando son dobles.

PEQUENOS BARCOS DE RECREO Y PESCA

Estos ocuparan los amarres de menor tamafo. Seran pequefos barcos para la
navegacion y la pesca a pequeia escala.

Estos no seran determinantes para la geometria de la bocana o los canales de
navegacion principales por ser de pequefio tamafo, si para el dimensionamiento de
los fingers y los canales de navegacion secundarios.

Seran los mas comunes en el puerto por ser los de uso mas frecuente, en el caso de
los de pesca en ocasiones de uso diario, ademas de los mas econémicos tanto como
el coste y mantenimiento de la embarcacion, como el precio del amarre.

Se puede observar un ejemplo de este tipo de embarcaciones en la figura 2.11.

Figura 2.11. Ejemplo de pequefios barcos de recreo y pesca



= VELEROS

Los veleros condicionaran principalmente el calado del puerto debido a la orza que
poseen estas embarcaciones adosadas a la parte inferior del casco, ademas, la eslora
sera mayor la de los yates.

Un ejemplo de las partes que posee un velero se muestra en la figura 2.12.
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Figura 2.12. Partes de un velero

J

Como ejemplo de yates de gran eslora y calado se pueden encontrar algunos como
los mostrados en la figura 2.13.
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Figura 2.13. Ejemplos de veleros de gran eslora y esquema de dimensiones



YATES

Los yates seran las embarcaciones de mayor longitud.

Se puede hacer una clasificacién aproximada de los yates en funcion de su eslora, sus
prestaciones y comodidades.

= Yates “de fin de semana”
Su tamafo oscila entre los 20-30 pies, entre los 6 y los 9 metros.
Estos estarian incluidos en los del apartado 2.5.2.1. de pequefias embarcaciones
de recreo.
Estan equipados con un par de quillas y pueden navegar en aguas poco profundas.
Pueden realizarse trayectos cortos de entre 2 y 3 dias.
Un ejemplo de este tipo de yate se puede observar en la figura 2.14.

Figura 2.14. Ejemplo de yate -"de fin de semana

= Yates “de crucero”.

Su tamafo es desde 25 hasta 45 pies, desde 7,5 hasta 14 metros.

Son los yates mas populares hoy en dia, estan disefiados para el uso de familias y
gran numero de gente.

Por lo general tienen un casco de lagrima con una sola quilla.
Un ejemplo de un yate de este tipo se observa en la figura 2.15.

Figura 2.15. Ejemplo de yate "de crucero"



= Yates “de crucero” grandes.
El tamafio de estos yates parte de 50 pies, unos 15 metros.

Los disefios de estos yates varian mucho, aunque los modelos mas comunes
tienen paneles de madera.

Tienen la capacidad de viajar miles de kildmetros y su velocidad media es de 6
nudos (11,112 km/h).

Un ejemplo de este tipo de embarcacion se muestra en la figura 2.16.

A

Figura 2.16. Yate "de crucero” grande

= Yates de lujo
Parten de 80 pies, unos 25 metros.

Los materiales para su construccion son muy variados, siendo los cascos con fibra
de vidrio cada vez mas comunes.

Las caracteristicas de estas embarcaciones varian considerablemente, los que son
de 100 pies o mas (unos 30 metros) cuentan con television, aire acondicionado y
otras comodidades.

Un ejemplo de este tipo de yate de lujo es el mostrado en la figura 2.17.

Figura 2.17. Ejemplo de yate de lujo



Un ejemplo de yate con el resto de sus medidas, para hacerse una idea de las
proporciones entre las distintas dimensiones es el mostrado en la figura 2.18.

El yate del informatico CARACTERISTICAS

Elempleado de Emarsa E

adquiris una embarcacion Marcal Sunseeder

de recreo que vendio en uga@m

febrero de 2011 Construccldn 2000
il Matrlculal VA-3-46-10

Bandera) Inglesa

Figura 2.18. Ejemplo de yate con sus caracteristicas

Se ha observado que para una eslora de 12 metros se tiene una manga de 3, luego la
manga del yate no sera un problema para los amarres.

En el puerto de proyecto se tiene una longitud de atraque maxima de 20 metros con 6
de manga, luego se podra recibir, segun la clasificacién expuesta, hasta yates “de
crucero” grandes de "pequefias" dimensiones, ya que son a partir de 15 metros.

2.1.1.3. Precio amarres

MENSUAL MENSUAL
ESLORA (m)  MANGA(M)  1o0 BAJA (€) Temp. ALTA () ANUAL(€)

15 5 500 1000 5900
18 6 650 1200 7500
20 6 780 1500 9200

Figura 2.19. Tabla de precios por temporadas mensual y anualmente

Temp. Baja: De Octubre a Mayo.
Temp. Alta: De Junio a Septiembre.

Precios obtenidos en base a otros puertos espafioles teniendo en cuenta el lugar, la
manga ofrecida para cada eslora y el tipo de puerto.

La referencia a dicha informacion es la siguiente:
http://marinadelaredo.es/amarres
http://www.puertobenalmadena.es/tarifas/
http://www.marina-islacanela.com/tarifas_amarres.php



2.1.1.4. Ingresos al puerto

Se han estableciendo las siguientes ocupaciones anualmente (figura 2.20), para
temporada baja y temporada alta, teniendo en cuenta estas y los precios por amarre
establecidos en el apartado anterior se han obtenido los siguientes ingresos para el
puerto (figura 2.21):

N° AMARRES OCUPACION N°’AMARRES OCUPACION OCUPACION

Anual Temp.

Figura 2.20. Tabla de ocupaciones mensual y anualmente por temporadas

N° AMARRES INGRESOS INGRESOS INGRESOS
Anual Anual Temp. BAJA Temp. ALTA
6x2,5 90 121.410,00 € 2.160,00 € 3.744,00 € 127.314,00 €
8x3,5 120 228.000,00 € 4.200,00 € 6.720,00 € 238.920,00 €
10x3,8 130 296.400,00 € 24.960,00 € 41.600,00 € 362.960,00 €
12x4 70 212.800,00 € 16.800,00 € 29.120,00 € 258.720,00 €
15x5 30 141.600,00 € 12.000,00 € 19.200,00 € 172.800,00 €
18x6 10 52.500,00 € 7.800,00 € 11.520,00 € 71.820,00 €
20x6 10 64.400,00 € 9.360,00 € 14.400,00 € 88.160,00 €
1.320.694,00 €

Figura 2.21. Tabla de ingresos

2.1.2. Documentos de referencia (Bibliografia)

Los documentos utilizados para el disefio, en mayor o menor medida, para la
realizacién de los posteriores capitulos son los siguientes:
» ROM (Recomendacion de obras maritimas)

= ROM 0.2-90.
= ROMO0.3-91.
= ROM 1.0-09.

= ROM 3.1-99.



» PIANC

= Review of selected standards for floating dock designs.

= Mooring Systems for Recreational Craft.

= Dredging of Marinas.
Final Report of the International Commisision for Sport and Pleasure Navigation.
Guidelines for Marina Berthing Facilities.
Guidelines for Planning a Marina Development.
Summer Program of IH, My first Marina.
Recomendaciones para el disefio de puertos deportivos en la Region de Murcia.
Apuntes de la asignatura "Obras Maritimas" 4° de Grado de Ingenieria Civil.
Universidad de Cantabria.
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2.2. CONSIDERACIONES PARA LA SECCION

En el siguiente apartado se han los criterios, valores y consideraciones necesarios
para la realizacion de la seccién desde dos puntos de vista estructural y funcional.
Para ello se ha utilizado principalmente la ROM que proporciona todas estas
consideraciones en sus diferentes capitulos.

2.2.1. Criterios estructurales
2.2.1.1. Vida util

El calculo de la vida util esta basado en la ROM 3.1-99.

La eleccion de la vida util se realizara para cada proyecto ajustandose al tiempo en
que se prevé en servicio el Area de Navegacion o Flotacién que se considere.

Se adoptaran como minimo para obras con caracter definitivo y sin justificacion
especifica los valores consignados en la tabla de la figura 2.22, en funcién del tipo de
obra y del nivel de seguridad requerido.

TABLA 2.1. VIDAS UTILES MINIMAS PARA AREAS pE NAVEGACION O FLOTACION
DE CARACTER DEFINITIVO (en afios)

TIPO DE OBRA NIVEL DE SEGURIDAD REQUERIDO

NIVEL 1 NIVEL 2 NIVEL 3

Infraestructura de caracter general 25(15) 50 (25) 100 (40)
De caracter industrial especifico 15(10) 25 (15) 50 (25)

Figura 2.22. Vida util

(Las cifras indicadas entre paréntesis podran utilizarse cuando se mantengan reservas
de espacio en planta y alzado que no constituyan limitaciones fisicas practicamente
inalterables, entendiendo por tales las que obliguen a demoler las estructuras que
delimiten sus contornos)



Para entender la tabla es necesario entender los conceptos que aparecen en la tabla
para obtener la vida util:

Para diferenciar el tipo de obra no hay problema, ya que el puerto es un puerto
deportivo con caracter recreativo, luego el tipo de obra sera "infraestructura de
caracter general", esta es definida como:

"Areas de Navegacion o Flotacién de caracter general; no ligadas a la explotacion de
una instalacion industrial o de una sola terminal concreta.”

Para establecer el nivel de seguridad requerido es necesario conocer las definiciones

de cada nivel:

- NIVEL 1: Areas de Navegacién o Flotacién en instalaciones de interés local o
auxiliares. Pequefio riesgo de pérdidas de vidas humanas o dafios
medioambientales en caso de accidente.

(Puertos menores sin trafico de buques con productos contaminantes,
inflamables o peligrosos, puertos deportivos, puertos auxiliares para equipos de
construccion de obras o para embarcaciones que no tengan que operar en
condiciones mas desfavorables que las de disefio del puerto auxiliar, etc.).

- NIVEL 2: Areas de Navegacion o Flotacion en instalaciones de interés general.
Riesgo moderado de pérdidas de vidas humanas o dafios medioambientales en
caso de accidente.

(Grandes puertos sin trafico de productos contaminantes, inflamables o
peligrosos o puertos menores que en caso de tener estos traficos mantengan en
todos los accesos y areas de flotacién accesibles a ellos, las distancias de
segundad a nucleos urbanos o espacios de elevado valor medioambiental
especificadas por sus reglamentos particulares, etc.).

- NIVEL 3: Areas de Navegacion o Flotacion en puertos e instalaciones de caracter
supranacional. Riesgo elevado de pérdidas humanas o dafios medioambientales en
caso de accidente.

(Grandes puertos con trafico de productos contaminantes, inflamables o
peligrosos debiéndose adoptar los valores mayores de la Vida Util si las Areas
de Navegacion y Flotacion estan situadas en zonas urbanas o de elevado valor
medioambiental, etc.).

Una vez conocidas las definiciones y teniendo en cuenta que el puerto del proyecto es
un puerto deportivo su nivel de seguridad requerido es un NIVEL 1.

Vida util del proyecto: 25 ainos

2.2.1.2. Periodo de retorno

Se define como el intervalo de tiempo medio (en afios) entre dos eventos sucesivos en
que se iguala o excede la ola de disefo.

Si el fallo de la estructura marina se relaciona a la superacion de un umbral de la
variable de disefio (p. Ej. La Hs), es entonces posible relacionar el periodo de retorno
con la probabilidad de fallo y el tiempo en que la estructura estara expuesta a dicha
variable.
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Para hallar el periodo de retorno es necesaria la vida util calculada en el apartado
2.2.1.1. y la probabilidad de fallo. Esta ultima se obtiene de la siguiente tabla mostrada
en la figura 2.25. que se encuentra en el ROM 1.0-99.

154 y probabifdad conpinta de fale para BU § P

TIPO DE AREA ABRIGADA O PROTEGIDA

Con zonas de almacenamiento | Mercanclas peligrosas? &3
u operacidn de mercanclas o Pazajeros y Mercanclas
Cﬁlr:iﬂ- pasajerss adozadas al digue! no peligrozas! 52 Bajo 010 0.0
3in zonas de almacenamiento w operacidn de mercanclas : Mo 020 |oao
o pacajeros adosadas al digue : significativa| ’
Con zonas de almacenamients u operacion adozadas al digue | s Bajo 010 | 0.00
PESQUERD -

5In zonas de almacenamlento u operacién adoszadas al dique g, | Mo =gnif. | 020 [0.20

MALUTICO-| ©on zonas de almacenamients u operacidn adosadas al dique | g Bajo 0o (oo
DEPORT. | 5In zonas de almacenamilentos w operaciin adosadas al dique g, | Mo signif. | 020 | 020

AREAS PORTUARIAS

Con zonas de almacenamients | Mercancias peligrosas? g3 Ako ool | oo7
u operacidn de mercancias o

II"_IZIEﬁf— pasajercs adosadas al digue! Mercancias no peligrosas | 53 Bajo 010 0.0
5In zonas de almacenamlento u operacién de mer@ncias o : Mo 020 | 020

pasajeros adosadas al dique I |aignificatiea| ’
MILITAR Con zonzs de almacenamiento u operacian adosadas al dique ! | 53 Alto ool | 0o7
5in zonas de almacenamienos u operacion adocadas al dique 5, | Mo =signif. | 020 |0.20
PROTEC- | Con zonas de almacenamients | Mercanclas peligrosas? 83 Alto ool | 0o7
CIOM * | adosadas al digue! Mercancias no peligrosas | g Bajo 010 |00
DEFEMSA ANTE GRAMNDES INUNDACIOMES? | s | Muyamo |0.0001{007
PROTECCIOMN DE TOMA DE AGLIA &2 Bajo 0.0 {000
O PUNTS DEVERTIDO {z2)* (aleo)* |0.0001| 007

%2 Bajo 010 0.0

PROTECCION Y DEFENSA DE MARGEMES (5% imuy ato)s|0.0001 | 0.07

AREAS LITORALES

REGEMERACION Y DEFENSA DE PLAYAS | g, | Mo signif. | 0.20 ||:|.1n

Figura 2.24. Probabilidad conjunta de fallo

De la tabla anterior hay que situarse en "AREAS PORTUARIAS" y dentro de esta
dentro del tipo de area abrigada o protegida en "NAUTICO-DEPORTIVO" Y "Con
zonas de almacenamiento u operacién adosadas al dique", ya que se colocara una
explanada para las diversas operaciones e instalaciones adosada a él.

De esta clasificacion se obtienen los siguientes parametros:

- INDICE ISA : s; (No significativo).

- PfELU . 0,10

- PfELS . 0,10



Luego el periodo de retorno resultante es:

1 1

T - =
1— (1= Ppy)/V 1—(1-0,1)1/25

= 238 afos

Periodo de retorno del proyecto: 238 afos

2.2.1.3. Altura de ola de disefio
2.2.1.3.1. Metodologia

Para obtener las alturas de disefio del proyecto se ha seguido la siguiente
metodologia:

1°.Del régimen extremal obtenido mediante Matlab, representado en la figura 1.26. del
capitulo 1 ,se ha obtenido la Hs para el periodo de retorno de 238 afios obtenido en
el apartado anterior.

Se obtiene una Hs=4,3m.

2°.Se obtiene el Tm de la siguiente relacion de Hs-Tm obtenida con AMEVA y
representada en la figura 2.25, siendo Hs=HB.

Scatter plot of Hs & Tm

BIAS = NaN
RMS = NaN
p = NaN|
Sl =NaN

0 | 1 | I | | I
0 0.5 1 1.5 2 25 3 3.5 4

Figura 2.25. Relacién de Hs-Tm

Se obtiene un Tm de 10 segundos.



3°.Se establece una duracion de temporal de 3 horas.
4°_Se obtiene el numero de olas como la relacion entre la duracién del temporal y Tm.

3(h) - 3600(s) _ 33600

T 10 ~ 1100 olas

nlolas =

5°.Se obtiene H;,s mediante su relaciéon con Hs (H4;3) asumiendo que la distribucion de
alturas de ola es Rayleigh

H, 4,3

Hy = 1416 - Hrms = Hrms = 7576 = 1476

= 3,037m

2.2.1.3.2. H50

Las 50 mayores olas del estado de mar suponen un 50/1100=1/22 del total de olas, de
modo que para nuestro caso Hsy = Hyjoo.

Hyw = [’V T (1 ert (VW) + VIR -

Siendo erf la funcidn de error expresada a continuacion y x=vIn 22

2 x ) 2 Vin22 )
erf(x =—-fe‘t dt=—~f et dt = 0,987
2 VT Jo Vm 0

De modo que ya se puede obtener la altura:

22 -1
-(1-0,987) +VIn22| - 3,037 = 6,1m

Hl/N = [

Esta altura la sera utilizada para la estabilidad del manto principal del dique.

Destacar que la Hs en aguas profundas para el régimen extremal en aguas profundas
para un periodo de retorno de 238 afios es de 7,25 metros aproximadamente.

Se observa que ha habido una disminucion de casi el 70%, debido a los efectos de
propagacion. Esto indica que el emplazamiento del puerto es adecuado ya que es una
zona resguardada, hecho beneficioso para el puerto deportivo.

Hso = 6,1m

2.2.1.3.3. Hmax

La altura de ola maxima mas probable de un estado de mar de N olas se determina
mediante la expresion:



Hmax,N

= vVInN =+In1100 = 2,65m

Hrms
Luego:

Humaxn = 2,64 - Hyms = 2,65 - 3,037 = 8,037m

Esta altura maxima se utilizara para el calculo de la estabilidad del espaldén.

Hmax = 8 metros

2.2.1.4. Tipo de talud

Un puerto necesita una estructura de abrigo suficiente para resistir la accién del mar
con un minimo de gastos de mantenimiento. Ademas, esa proteccion del mar debe
permitir un acceso seguro y facil a las embarcaciones usuarias.

El dique y contradique de abrigo al puerto se construira segun las recomendaciones
técnicas recogidas en la “ROM 1.0-09 Recomendaciones del disefio y ejecucion de las
Obras de Abrigo”, para una vida util minima de 25 afos.

La ROM 1.0-09 en su capitulo 2 proporciona a priori un esquema de las partes de la

seccion de un dique de abrigo, representado en la figura 2.26, estas son:

= Cimentacion, que determina la forma en que la estructura transmite los esfuerzos al
terreno.

= Cuerpo central, que controla la transformacién del flujo de energia del oleaje
incidente y transmite a la cimentacion la resultante de las acciones.

= Superestructura, que controla el rebase sobre la coronacién y, en su caso, ofrece
un camino de rodadura.

Partes de la seccion de un dique

a) . b) ; -
- ] SUPERESTRUCTURA

NRM— [T NRM.— - ===
— —| w i '

CUERPO CENTRAL

P e §
T Ry, // “" g 0 ey, CIMENTACION

G C T T 7 = T AN —_—

CUERPO CENTRAL

|

Figura 2.26. Esquema de las partes de la seccion de un dique

El esquema a seguir para el proyecto sera una forma en talud en la parte frente
al oleaje con una pendiente de 2/1.
Por el trasdés se colocara un muro vertical de hormigén.



Un esquema general de lo que sera el dique y contradique, sin entrar en sus partes, ya
que eso se estudiara mas adelante en los capitulos 4 y 5, se puede ver en la figura
2.27:

Muro de hormigon

Figura 2.27. Esquema del dique

2.2.1.5. Densidad del material

La eleccion para el material de construccion del dique y contradique a utilizar sera la
siguiente:

= Escollera
Densidad = 2650 kg/m®
Peso maximo = 7 toneladas

- escollera 1.5 -4 t, peso medio 2.75 t

- escollera 100 — 400 Kg, peso medio: 250 Kg

Un ejemplo de escollera es el mostrado en la
figura 2.28.

= Cubos de hormigén
Densidad = 2300 kg/m®

Un ejemplo de cubos de hormigdn es el mostrado
en la figura 2.29.
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Figura 2.29. Cubos de hormigén




2.2.2. Criterios funcionales
2.2.2.1. Operatividad

La operatividad es el valor complementario de la probabilidad de fallo frente a todos
los modos de fallo adscritos a los estados limite de parada.

En la tabla de la figura 2.30 obtenida de la ROM 1.0-99 le corresponde el apartado de
"PUERTO NAUTICO-DEPORTIVO".

Figura 2255, REQ y operatividgad mitima

TIPO DE AREA ABRIGADA O PROTEGIDA

Con zonas de almacenamiento u operacion de
mercancias o pasajercs adosadas al dique a las que | e Alto 099
afecte el rebase
PUERTO Sin zonas de almacena- Con trifico de graneles Fe® Medio 0.951
COMERCIAL | miento u operacién de | Con traficos de passjeros
mercanciac adosadas al | y de mercancia general Fga? Alto 0991
dique con adosadas a regulares
laz que no les afecte el "
rebase Con erificos de mercan- | . 5 | Megic | 0950
cia general tramp
PUERTO PESQUERD [ s [ Ao [ 0o
PUERTO NAUTICO-DEPORTIVO [ s [ Ao | 03
Con zonas de almacenamiento u operacién de
mercancias o pasajeros adosadas al dique a las que To3 Al 059
afecte el rebase
INDUSTRIAL (— - —
Sin zonas de almacenamiento u operacién de mer-
cancias o pasajeros adosadas al dique a ke que Faa Medic 095!
afecte el rebase
MILITAR [ o [ Ao | 099
PROTECCION DE RELLENOS O DE MARGENES [ra [ A | o0s9
DEFENSA ANTE GRANDES INUNDACIONES [ra | A [ o9
PROTECCION DE TOMA DE AGUA rea Alto 099
© PUNTO DEVERTIDO (ra® | (medic)® | (095
PROTECCIOMY DEFEMSA DE MARGEMNES ! Bajo (ahao)? 0.5
{raz)* (0.99)*
REGEMERACION Y DEFENSA DE PLAYAS [ reo [ Bio | oss

Figura 2.30.Operatividad minima

Operatividad del proyecto: 0,99

2.2.2.2. Numero de paradas y duracion de la parada

El nimero de paradas y su duracién también se encuentran en la ROM 1.0-99, sus
valores se obtienen de dos tablas representadas en las figuras 2.31y 2.32..

El numero maximo de paradas se ha obtenido teniendo en cuenta que el puerto del
proyecto es un "PUERTO NAUTICO DEPORTIVO".



Fgura 2.2.56. 1SA0 y mimere maximo de paradas anuales

TIPO DE AREA ABRIGADA O PROTEGIDA

iNDICE ISAO N,

Con zonas de almacenamiento Mercancias peligrosas! 503 Alto 2
u operacién de mercancias o - X
PUERTO | Pasajeros adosadas al dique a Pasa|eros y Mercancias 5. Bajo 5
COMERCIAL | 'as que afecte el rebase no peligrosas
Sin zonas de almacenamiento u operacién de mercancias . No sienit.| 10
adosadas al dique o sélo con las que no les afecte el rebase ol gntt
PUERTO PESQUERO So2 Bajo 5
(%]
é PUERTO NAUTICO-DEPORTIVO Sa2 Bajo 5
S
E Con zonz‘a.s de almacenartwiento Mareancias paligrosas! S5 Alto 2
o u operacién de mercancias o
o pasajeros adosadas al dique a i ) ]
E INDUSTRIAL | |5 que afecte el rebase Mercancias no peligrosas | $; Bajo 5
(4 Sin zonas de almacenamiento u operacién de mercancias . No signif. | 10
< adosadas al dique o adosadas a las que no les afecte el rebase ol © signtt-
Con zonas de almacenamiento u operacién adosadas al
R 5.3 Alto 2
MILITAR dique a las que afecte el rebase
Sin zonas de almacenamiento u operacién adosadas al dique | s, |MNo signif.[ 10
Con zonas de almacenamiento Mercancias peligrosas! Fo3 Alto 2
PRC‘;I'ES- adosadas al dique a las que - . -
CION afecte el rebase Mercancias no peligrosas | s, Bajo 5

El indice ISAO se obtiene de la tabla de la figura 2. 31 y es Bajo y el indice IREO de la

figura 2.30 y es Alto

Figura 2.31. Nimero de paradas

Fogura 2.2.27. Duracion maxima probable de una parada operativa

iNDICE IREO

iNDICE ISAO

Mo significativo Bajo Alto Muy alto
Bajo 24 horas 12 horas & horas 0
Medio 12 horas & horas 3 horas L]
Alto & horas 3 horas | horas 0

Figura 2.31. Duracion paradas

Nidmero de paradas anuales: 5
Duracién de las paradas: 3 horas
Tiempo total por paradas: 15 horas




2.3.CONCLUSIONES
Centrandose en las consideraciones en planta, en la que esta incluida la flota, se ha

llegado a una flota orientativa representada en la figura 2.10..

Hacen un total de 460 atraques, se han reducido en 400 atraques los del puerto actual.
En base a los precios y a las ocupaciones establecidas en los apartados 2.1.1.3 y
2.1.1.4 se han estimado unos ingresos anuales al puerto de 1.320.694,00 €.

Mostrando un resumen de los parametros obtenidos a partir de las ROM 3.1-99, 1.0-09
y las alturas de disefo de las consideraciones en seccion, se realizan unas tablas
representadas en las figuras 2.32. para los criterios estructurales y 2.33. para los
criterios funcionales.

CRITERIOS ESTRUCTURALES

VIDA UTIL 25 afios
PERIODO DE RETORNO 238 afos
6,4 metros

8 metros

Figura 2.32. Resumen criterios estructurales

CRITERIOS FUNCIONALES

OPERATIVIDAD 0,99
N° DE PARADAS ANUALES 5 paradas
DURACION POR PARADA 3 horas

DURACION TOTAL PARADAS 15 horas
Figura 2.33. Resumen criterios funcionales




CAPITULO 3.

CRITERIOS DE DISENO
EN PLANTA



CAPITULO 3. CRITERIOS DE DISENO EN PLANTA

En este capitulo 3 se ha llevado cabo todo el disefio en planta del puerto, utilizando los
criterios sobre la flota realizados en el Capitulo 2, en el apartado "2.1.Consideraciones
para la planta" y basandose en los documentos mencionados en el apartado
"2.1.2.Documentos de referencia”.

En él ademas se incluyen los planos de las distintas alternativas estudiadas realizados
con Autocad 2014.

También se incluye el estudio de la agitacion realizado con el programa informatico
Matlab para cada una de las alternativas. Su programa se adjunta al final del trabajo a
continuacion del Anexo informatico, nombrados como "Anexo Agitaciéon x" para cada
una de las tres alternativas.

3.1.CRITERIOS UTILIZADOS PARA EL DISENO

Existen numerosos criterios a la hora de realizar el disefio en planta de un puerto
deportivo dependiendo que autores o que bases de datos se utilicen, a menudo
contradictorios entre si 0 muy distintos. A continuacién se han analizado las partes del
puerto, algunos de los criterios que se utilizan para su geometria y la eleccion elegida.

3.1.1. Emplazamiento del puerto

Naturalmente, la eleccion de la localizacién del puerto para fines de recreo, si esta no
esta condicionada por la necesidad de la ampliaciéon de un puerto ya existente, debe
tener en cuenta en primer lugar el aspecto maritimo.

Es necesario realizar unas observaciones preliminares y el indispensable estudio para
confirmar la viabilidad en condiciones. Por ejemplo la linea natural de costa puede ser
alterada por un rompeolas y producir la construccién de obras nuevas y costosas.

Para el proyecto se ha mantenido la localizacién del puerto actual. No obstante,
para la eleccion de esta localizacion cuando se llevo a cabo la construccion del actual
puerto de Laredo se tuvieron en cuenta una serie de factores necesarios para
establecer la ubicacion de un puerto, estos son:

Estimaciones financieras.

Derivas litorales (Transporte de sedimentos).

Proximidad a grandes nucleos de poblacion.

Calidad del agua/Tratamiento.

Servicios disponibles: electricidad, combustible, almacenes, etc.

Consecuencia con el urbanismo.

Ecologia: suelo, algas, fauna.

Interaccion fluvial.

9. Rango de mareas.

10. Profundidades, dragado.

11. Suelo.

12. Oleaje y viento.
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13. Cantera disponible.

14. Paisaje y evaluacion visual.

15. Disponibilidad de zonas naturales de abrigo: islas, cabos, peninsulas, estuarios,
lagos, etc.

3.1.2. Criterios generales de disposicion

Existen una serie de principios generales aplicables para una disposicion adecuada de
los diversos componentes de las pequeias instalaciones de atraque de
embarcaciones. Estos son:

1. La nave mas grande generalmente se atraca cerca de la entrada.

2. Estaran separados generalmente las zonas de atraque de embarcaciones
comerciales y de recreo debido a las diferentes necesidades de uso de tierra.

3. Veleros sin energia auxiliar deben ser atracados en los resbalones que se abren a
sotavento de los vientos dominantes y que se puede llegar a través de amplias
calles y canales o rutas que permitir el yate de viradas con menos interferencias en
el arte accionado.

4. Las rampas para el lanzamiento de naves estaran separados de las zonas de
atraque en lo posible.

3.1.3. Area de darsena

Para tener una maniobrabilidad y una navegacion seguras, se considera una darsena
adecuada geométricamente cuando tiene espacios libres para tres clases diferentes y
tres posiciones u operaciones de embarcaciones:

- Espacios libres en los atraques ademas del ancho y la longitud de la embarcacién.

- Ancho de los canales de entrada y salida.

- La profundidad y la anchura de la zona de agua para maniobrar hacia y desde los
atraques, es decir, la darsena de maniobras.

Para el area de darsena se exponen los siguientes criterios:
= "Port Engineering”, Per Bruun, Ed. Gulf.

2 2
t l + 20
(atraques y canales) y—

m
Ad = 200

(area de servicio)
barco

= "Puertos Deportivos" apuntes del Prof. D. Pedro Suarez Bores
2

Ad =130

barco (barcos grandes)

2

Ad = 80 (barcos pequefios)

barco

Puesto que los valores medios rondan los 120 m2/barco, muy inferior a los 220
m2/barco recomendados por P. Bruun y por tener un criterio general para los dos tipos
de embarcaciones se ha usado el criterio de 120 m? por barco.



Como se tiene un total de 460 atraques, se ha obtenido una superficie total de 55200

mZ.

Area de darsena: 55.200 m?

3.1.4. Area de tierra

Se ha encontrado de nuevo numerosos criterios a la hora de obtener el area de tierra
del puerto. A groso modo se puede obtener como la mitad de area de darsena, el 60%
si es para aparcamientos o incluso encontramos el 80% del area de darsena unos
160m? por barco, mas que los criterios vistos antes para el area de darsena. Se
observa, como se ha comentado al comienzo del capitulo que los criterios pueden
llegar a ser totalmente distintos dependiendo del autor o la recomendacion que se use
como fuente.
Se han expuesto los siguiente criterios:
= "Port Engineering”, Per Bruun, Ed. Gulf.

At = 160 m? /barco

= "Puertos Deportivos”, M. A. Losada, M. Corniero
At = 49 - ¢ m?,siendo " ¢" el nimero de barcos (fijos + estacionales)

Debido a que el criterio de "Port Engineering" es muy elevado se ha tomado el otro
criterio. Se ha usado el total de las embarcaciones pese a que no se ha planteado una
ocupacion completa como es necesaria la colocacion un parking, esto que hace que
se necesite mas area de tierra, luego este exceso esta justificado.

Se tiene un total de 460 atraques, que da un area de 22540 m? como no llega a la
mitad del drea de darsena se ha aumentado el 4rea a 25.000m? para que no sea
escasa.

Area de tierra: 25.000 m?

3.1.5. Anchura de bocana

La ROM 3.1-99 en su capitulo 8 dice lo siguiente sobre la anchura de la bocana del
puerto:

"Con independencia de la anchura de la bocana del puerto que resulte del analisis de
la via de navegacién en el tramo correspondiente, se recomienda que, en el caso de
que la bocana esté configurada por los extremos avanzados de dos estructuras
artificiales, la anchura nominal de la bocana del puerto medida a la profundidad
requerida por el Bugue de Proyecto en las condiciones operativas méas desfavorables
gque se admitan, sea igual o superior a la eslora total (L) del citado buque, para
prevenir la posibilidad de que el barco quede encallado entre ambas margenes, con
riesgo de partirse al quedar apoyado en ambos extremos en mareas bajas."

Se tendra esto en cuenta en el caso de que con los criterios que aparecen no sea
suficiente para cumplir esta condicion.



Para la anchura de bocana es necesario definir el "Buque de proyecto", definido en el
apartado siguiente 3.1.3.1..

Algunos de los criterios utilizados para la anchura de la bocana son los siguientes:
= "Puertos Deportivos", apuntes del Prof. D. Pedro Suarez Bores

B = 45 metros [minimo]

B = 3 - eslora barco maximo

= USA3
B = 30 metros [minimo]
B =5 -manga barco maximo

= UK1
B = (L + 2) metros, siendo L eslora maxima > 20m

= Criterio general
B =2 —2,5:eslora barco maximo

Dependiendo el criterio usado se tienen anchuras de bocanas de 75m, 30m, 27m, 50-
62,5m, valores muy dispares entre si. De modo que se ha acudido a la tabla mostrada
en la figura 3.1. en la que aparecen valores de la anchura de bocana segun métodos
determinanticos (ROM) vy codigos de buenas practicas incluida en las
"Recomendaciones para el disefio de puertos deportivos en la Regién de Murcia".

L(Mm) B(M) BucROM  BpcUSA3  Bpoc UKT  Bpoc(m)

6 24 17.4 12,0 20,0 20,0
9 3,3 247 16,5 20,0 24,7
12 35 28,6 17.5 20,0 28,6
15 4 34,0 20,0 20,0 34,0
18 44 38,8 22,0 20,0 38,8
21 5 447 250 23,0 44,7
24 55 50,0 27,5 26,0 50,0

Figura 3.1. Relacion entre la eslora y la bocana

Atendiendo a esta tabla, a los valores obtenidos mediante los criterios anteriores y
teniendo en cuenta que el buque de proyecto es de 25m (calculado en el apartado
siguiente 3.1.3.1.) se ha establecido una bocana de 50m.

Anchura de bocana: 50 metros

3.1.5.1. Buque de proyecto
Para definir el "Buque de proyecto" se ha ido directamente a los yates de mayor eslora

ya que seran las mayores embarcaciones que entraran al puerto.



Ya que los yates de esta eslora son de disefios muy distintos y no es posible saber
cual sera en concreto el de mayor tamano que entrara al puerto, se estudiaran las
dimensiones de varios modelos. Como por ejemplo:

= Sunseeker Predator 68 Hard Top (figura 3.2.)
Eslora: 20,73 m
Manga: 5,21 m
Calado: 1,45 m
Plazas: 10

Figura 3.2. Sunseeker Predator 68 Hard Top

= Maiora 20 (figura 3.3)
Eslora: 20,8m
Manga: 5,6m
Calado: 1,6m
Plazas: 10

Figura 3.3. Maiora 20

= Dutch Classic Motor Yatch (figura 3.4.)
Eslora: 24 m
Manga: 6 m
Calado: 2,4 m
Plazas: 10

Figura 3.4. Dutch Classic Motor Yatch



Se observa que a los yates de 20m de eslora les corresponden calados de 5m en
adelante, para tener margen en los distintos modelos de yate que pueden atracar en el
puerto se ha supuesto una manga de disefio de 6 metros.

Respecto al calado, como ya se ha comentado, sera el de los veleros el que sera
determinante.

Como en un atraque lo que realmente interesa es la manga ya que, aunque no es
recomendable, no es un problema que el barco sobresalga un poco del atraque y los
atraques tienen una manga superior a las de las embarcaciones se ha supuesto una
eslora algo mayor, de 25m.

Luego el buque de proyecto sera de 25 metros de eslora y 6 metros de manga.

3.1.6. Canal principal

Para la anchura del canal principal se exponen los siguientes criterios:
= "Puertos Deportivos", apuntes del Prof. D. Pedro Suarez Bores

C = 45 metros si el canal es recto

C = 75 metros si el canal es tortuoso

= Criterio general
Li = 1,5 - Longitud del barco mas grande

= ROM
3.1-99. Capitulo 8

Bn=n[B+bd+2-(be+br)+ (n—1):bs+ (rhsm+ rhsd)i + (rhsm + rhsd)d]

Donde:
- n = nlmero de carriles de navegacion

- B = manga méaxima de embarcaciones que circularan por dicho canal

- bd = sobreancho de la senda del bugue. Producido por la navegacién con un
determinado angulo de deriva en relacion con el eje de la via navegable,
ocasionado por la incidencia de vientos, oleajes, corrientes o remolcadores. El
sobreancho bd sera calculado como bd =L - sin B, con L, eslora maxima del buque
de diseno del canal y un valor tipico de deriva de B=10°.

- be = sobreancho por errores de posicionamiento. Corresponde a la diferencia
entre la verdadera posicion del buque y la posicion estimada por el capitan
utilizando los medios de informacién y ayuda a la navegacion disponibles. Se
estima be=B siendo B la manga maxima de embarcaciones que circularan por
dicho canal.

- br = sobreancho para respuesta. Valora la desviacién adicional que puede
producirse desde el instante en que se detecta la desviacion del buque en relacion
a su posicion tedrica y el momento en que la correccion es efectiva. Se estima br=
0,3-B siendo B la manga maxima de embarcaciones que circularan por dicho
canal.

- bs = sobreancho de seguridad entre vias de navegacion. Anchura de la banda de



separacion entre las vias, calculada
como suma de la anchura por
velocidad absoluta de buque vy
densidad de trafico esperada. Se
estima bs = B siendo B la manga
maxima de embarcaciones que
circularan por dicho canal

(rhsm + rhsd) = resguardo adicional y
margen de seguridad a cada banda
(i izquierda y d - derecha). Permitira
la navegacion del buque sin que
resulte afectada por los efectos de
succion y rechazo de las margenes.
Seguin la ROM 'y para las
velocidades absolutas de buque
previstas, se puede estimar (rhsm +
rhsd)i = 0,6-B para cada lado, siendo
B la= manga maxima de
embarcaciones que circularan por
dicho canal.

be+br

o

(rhsm+rhed)

be+br

|

bg

be+br

B+bg

betbr

(rhenrtrh gd)
|
|
|
|
|

/ VIENTOS, OLEAJES Y

\CORRIENTES TRANSVERSALES

y
f

ANGULO DE DERIVA

Fuente. ROM 3.1-99
Figura 3.5. Esquema de la ROM

Teniendo en cuenta las consideraciones expuestas se simplifica la formula de la

anchura del canal en:

Bn=n[48-B+L-sin102+ (n—1) - B]

Se ha realizado el puerto con un solo carril de navegacion, luego queda la

siguiente expresion:

Bn=48-B + L -sin10°

Bn=48-B+L-sinl10%=

4,8+ 6+ 25-s5in102 =33,14m

Se ha utilizado el criterio de la ROM por ser mas preciso y tener establecido ya el
buque de proyecto. Se han aproximado los 33,14m a 35m.

Anchura del canal principal: 35 metros

Como existen zonas en las que el canal sea de un tamafo excesivo para los barcos
que pasaran por él, habra distintas anchuras en funcion del la eslora y el calado de la
embarcacion.

La tabla que se muestra en la figura 3.5. recoge las distintas anchuras del canal
principal en funcién de la eslora del barco mayor que pasara por él para llegar a su
atraque.

EL

CALCULADQ DARA

BUQUE

DO PARA E

CALCULA

DE PROYECTO

BUQUE DE PROYECTC

E NAVEGACION

LA VIA DE

=ANCHURA NOMINAL DE

2]

|
-



ESLORAS MANGAS ANCHURA |

6 2,5 13
8 3,5 18
10 3,8 20
12 4 22
15 5 27
18 6 32
20 6 33
25 (buque de disefio) 6 35

Figura 3.5. Anchuras de canal principal en funcion de la eslora

3.1.7. Calados

En general, las profundidades de la zona del puerto varian.

Existen algunos criterios generales en cuanto a calados minimos en zonas especificas
como son:

- Calado minimo en bocana 4,5m.

- Calado minimo en canal principal 4,5m.

Ademas existen unos calados minimos bajo los atraques en funcién de la eslora de la
embarcacion como se recogidos en la tabla de la figura 3.6.

ESLORA MAXIMA CALADO EN EL ATRAQUE
Hasta 6m 2m
Hasta 8m 2m
Hasta 10m 2,5m
Hasta 12m 3m
Hasta 16m 3,2m

Figura 3.6. Calados minimos en funcion del atraque

Para atender a estos minimos se tendra en cuenta la batimetria de la costa de la zona
del proyecto mostrada en la figura 3.7.

o R

Figura 3.7. Batimetria



La batimetria mostrada en la figura 3.7. represente la situacion de bajamar, luego sera
la situacion pésima de calado.

En caso de que aun con una disposicién adecuada teniendo en cuenta estos calados
minimos no se llegase a conseguir el minimo seran necesarias operaciones de
dragado.

3.1.8. Atraques
3.1.8.1. Pantalanes

= ROM 2.0-08. "Recomendaciones sobre Muelles u otras Obras de Atrague y Amarre"
La anchura recomendada de los pantalanes principales, para el supuesto de que no
admitan trafico de vehiculos, estara comprendida entre 1,20 m. y 2,00 m, en funcién
del tamano de los buques y del numero de pantalanes de atraque que se dispongan
en cada pantalan principal.
Si se prevé algun tipo de trafico para vehiculos ligeros o el pantalan tiene mas de
120m de largo, se adoptara una anchura adaptable a los usos, con un valor minimo
de 2,50 m. Siguiendo estas indicaciones, la anchura cumple las recomendaciones
de paso para personas de movilidad reducida.

En pantalanes de estructura fija se recomienda no sobrepasar longitudes de mas de
150 metros. En pantalanes flotantes fijados mediante bloques de hormigén o
muertos se recomienda no pasar los 60 metros de longitud, mientras que en
pantalanes fijados con pilotes se recomienda una longitud maxima de 120 metros
por razones de comodidad.

= Criterio general
2 metros si éste tiene menos de 100 metros de
longitud
3 si se superan los 100 metros de longitud.

&)

Pantalanes de 2 metros si la longitud es menor ———- 7 @ B ———

de 100 metros.
Pantalanes de 3 metros si la longitud es mayor
de 100 metros (llegando como maximo a 120).

3.1.8.2. Fingers

Se tienen distintos tipos de fingers en funcién del tipo
de embarcacién. Para el proyecto se han tenido 7 tipos
de fingers de distintas dimensiones, uno para cada
dimensiéon de atraque que se ha establecido en el
CAPITULO 2, en el apartado 2.1.1.Flota.

Figura 3.8. Esquema pantalan



=  Anchura

Como criterio general se suelen tomar 1 metro de anchura.

No obstante en el documento de "Recomendaciones para el diseio de puertos
deportivos de la region de Murcia" se encuentra la tabla mostrada en la figura 3.9.
que condiciona las anchuras en funcién de la eslora.

PANTALANES FLOTANTES

Eslora Bi(m) Bs(m) Bf(m)
L (m) UK1 USA3 disefio
6 0.65 0,9 0,9
9 0.65 0,9 0,9
12 1 1,2 1,2
15 1,4 1.5 1,5
18 2 1,8 2
21 25 2.1 2,5
24 2,5 2,4 2,5

Figura 3.9. Anchura del atraque en funcién de la eslora

Para las 7 esloras ya fijadas se han establecido las siguientes anchuras de finger
en base a ambos criterios. Estas se muestra en la figura 3.10.

ANCHURA
DIMENSIONES FINGER Im
6x2,5 1
8x3,5 1
10x3,8 1,1
12x4 1,2
15x5 1,5
18x6 2,5
20x6 25

Figura 3.10. Anchura del finger final

Se ha hecho que los atraque de 18 y 20 metros de eslora tengan igual anchura

para facilitar después la disposicion

= Longitud

La longitud del pantalan sera igual a la eslora de la embarcacion.
En fingers de mas de 12 metros de longitud no podran quedar en ménsula, debera

llevar una pila de apoyo al final.

3.1.8.3. Distancia entre fingers (longitud de la linea de atraque)

Habra 7 distancias en funcién de las 7 esloras que ha sido prefijadas. Para las dos
embarcaciones de mayor eslora (las de 18 y 20 metros) se han utilizado atraques

individuales, para el resto seran dobles.




= Atraques individuales
Para embarcaciones de mas de 20m de eslora se debe colocar un resguardo de
1m a cada lado de la embarcacién. Para los pantalanes de 18 y 20 metros se ha
usado la misma longitud para la linea de atraque.
La=1+manga+1=1+6+1=8metros

= Atraques dobles
Para el resto de embarcaciones se coloca un resguardo de 0,3 entre la
embarcacion y el finger, mas una distancia de 0,5 a 1 metro entre embarcaciones.
Se ha tomado 1m de anchura, luego:
La = 0,3 + mangal + 1 + manga2 + 0,3

3.1.8.4. Esquemas de atraques

= 20 metros de eslora por 6 de manga

25 25

1

Figura 3.11. Atraque simple L=20metros

= 18 metros de eslora por 6 de manga

25 25

Figura 3.12. Atraque simple L=18metros



= 15 metros de eslora por 5 de manga

0,3 0,3
15
1,5 |15

Figura 3.13. Atraque doble L=15metros

= 12 metros de eslora por 4 de manga

L
I0,3 0,3
4 4

12 e e
- e 1_
12 T 12

Figura 3.14. Atraque doble L=12metros

= 10 metros de eslora por 3,8 de manga

| . |
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Figura 3.15. Atraque L=10metros



= 8 metros de eslora por 3,5 de manga

Figura 3.16. Atraque L=8metros

= 6 metros de eslora por 2,5 de manga

Figura 3.17. Atraque L=6metros

3.1.9. Canales de acceso
= Criterio general
Li = 1,5 Longitud del barco mas grande

* Plan Director de Puertos de Euskadi
Li = 1,5 - Longitud del barco mas grande + 3metros

Dependera de como se coloquen los atraques habra unas anchuras u otras. Se ha
tomado el primer criterio. Las anchuras en funcion de las esloras, todo en metros, son
las mostradas en la figura 3.18.

ANCHURA CANAL
ESLORAS ACCESO
6 9
8 12
10 15
12 18
15 225
18 27
20 30
25 (buque de disefio) 37.5

Figura 3.18.Anchura canal de acceso en funcion de la eslora



3.1.10. Area de reviro

Dentro del concepto de areas de maniobra, se engloban las zonas reservadas para

parar, revirar o arrancar el buque. A pesar de la gran
maniobrabilidad de las embarcaciones deportivas, la
gran acumulacion de trafico en temporada estival y los
requerimientos de espacio en remolcaje, hacen que sea
recomendable disponer de un area de reviro en la boca
de la darsena, con su centro situado en el eje
longitudinal de la misma y de radio 1,5-L (siendo L la
eslora del buque de calculo).

Un esquema de estas dimensiones se muestra en la
figura 3.19.

Radio eje de reviro: 37,5 metros

ZONA DE

SIN_APROVECHAMIENTO DE MUELLES ADYACENTES

Figura 3.19. Area de reviro



3.2. ALTERNATIVAS

Se han realizado 3 alternativas con un dique y contradique distintos asi como una
distribucion de los atraques diferentes.

Como ya se menciond cuando se realizo el establecimiento de la flota el numero de
atraques se ha visto modificado respecto del inicial.

Las nuevas flotas son:

ALTERNATIVA 1

ESLORA (m) MANGA (m) NUMERO ATRAQUES
6 2,5 102 (3x34)
8 3,5 130 (5x26)
10 3,8 112 (4x22+1X24)
12 4 64 (2X32)
15 5 26 (1x26)
18 6 10 (1x10)
20 6 10 (1x10)
TOTAL 454
ALTERNATIVA 2
ESLORA (m) MANGA (m) NUMERO ATRAQUES
6 2,5 102 (3x34)
8 3,5 128 (2x26+2x38)
10 3,8 142 (1x38+1x50+1x54)
12 4 76 (1x54+1x22)
15 5 28 (1x28)
18 6 10 (1x10)
20 6 10 (1x10)
TOTAL 496
ALTERNATIVA 3

6 2,5 102 (3x34)
8 3,5 130 (5x26)
10 3,8 120 (4x30)
12 4 66 (3x22)
15 5 28 (1x28)
18 6 11 (1)
20 6 11 (1)
TOTAL 468




En los planos los atraques estan agrupados por colores en funcion de su tamafio. La
leyenda de los atraques es la siguiente:

ATRAQUES DE 20x6 —

S ATRAQUES DE 18x6

ATRAQUES DE 15x5 —_—

ATRAQUES DE 12x4

ATRAQUES DE 10x3,8 —_—

— ATRAQUES DE 8x3,5

ATRAQUES DE 6x2,5
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LEYENDA
Atraque de 6 x 2,5
Atraque de 8 x 3,5

Atraque de 10 x 3,8
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Atraque de 18 x 6
Atraque de 20 x 6
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3.3.AGITACION

El objetivo de este apartado es analizar cual de las alternativas realizadas y expuestas
en el apartado anterior esta mas protegida, y por tanto, es mas eficiente en cuanto al
objetivo ultimo de un puerto deportivo que es el actuar de refugio y abrigo para las
embarcaciones.

Para ello se ha programado mediante Matlab un programa para cada alternativa
(adjuntos al final del proyecto) siguiendo la metodologia que expuesta en el apartado
3.3.2., para poder facilitar la eleccion de una de las alternativas para continuar con el
disefio del proyecto.

3.3.1. Consideraciones teodricas

"La ROM 3.1-99 en su capitulo 8 dice lo siguiente sobre las "condiciones limites de
operacion” que seran los limites a tener en cuenta para el estudio de la agitacion:

Las condiciones limites de operacion que se adoptan habitualmente para la
navegacion y maniobras (parada, reviro) de buques, cuando se efectien dentro de las
darsenas, son las mismas que las que se establecen para estas maniobras cuando se
desarrollan en otras areas de flotacidn, con independencia de que la situacion mas
protegida de las déarsenas ocasionara normalmente un porcentaje menor de
inoperatividad de estas areas frente a estas condiciones climaticas adversas.

Como condiciones especificas de los muelles, es necesario contemplar tres
supuestos:

- Atraque de los buques.

- Paralizacion de las operaciones de carga y descarga.

- Permanencia de los bugues en los muelles.

La ROM en este capitulo incluye una tabla que proporciona los limites de operacién de
muelles y pantalanes, es la mostrada en la figura 3.20.:

TABLA 8.1. CONDICIONES LIMITES DE OPERACION DE BEUQUES EN MUELLES
Y PANTALANES

Welocidad Velocidad Altura de ola
absoluta del | absoluta de la

3. Permanencia de bugues en muelie
— Petroleros y Transportadores de Gases

Licuados

- Acciones en sentido longitudinal al muelle 30 mis 2.0 mis 30m

- Acciones en sentido transversal al muelle 25 mis 1.0 m/'s 20m
— Transatlanticos y Cruceros (2)

- Acciones en sentido longitudinal al muelle 22 mis 1.5m/s 1.0m

= Acciones en sentido transversal al muelle 22 mis 0.7 m/s 07m
— Embarcaciones deportivas (2) 22 mis 1.5m/s 04m

- Acciones en sentido longitudinal al muelle 22 mis 1.5mis 04m

- Acciones en sentido transversal al muelle 27 m/s 0.7 m/s 02m

Limitaciones impuestas por las cargas de disefio de
los muelles

Figura 3.20 Condiciones limites de operacién de buques en muelles y pantalanes

— Ofro tipo de buques




Ademas proporciona la tabla 8.2. mostrada en la figura 3.21. en la que aparecen los
tiempos medios aceptables de parada del puerto:

TABLA 82. TIEMPOS MEDIOS ACEPTABLES DE CIERRE DE UN AREA POR PRE-
SENTARSE CONDICIONES CLIMATICAS ADVERSAS (SUPERIORES A
LAS ESTABLECIDAS COMO LIMITES DE OPERACIOMN PARA LOS
BUQUES DE PROYECTO)
Tiempos de moperatividad
CAFRACTERISTICAS DEL AREA en horas, por todos
los conceptos V'
A Aveas de bugues en fransito (accesos, vias de navegaclon,
canales, bocanas, areas de mamiobras, efc.)
1. Puertos de mterss general
- .
— Areas abrertas a todo tipo de barcos _-lDEI b. aflo
20 h mes
— Areas abwertas a Embarcaciones pesqueras v 20 b afic
deportivas (3) 4h. mes
2. Puertos de refugio
. . . ) 300 h. atio
— Areas abiertas a todo oipo de barcos
30 k. mes
— Areas abwertas a Embarcaciones pesqueras v 20 b afic
deportivas (3 4 b mes
A ) 400 k. afio
3. Otros puertos 0 b mes
4. Terminzles especializados
— Pasajeros, Contenedores, Fermies v otros termina- 200 k. ano
las gque operen con lineas regulares 20 b moes
— (ransles de cualquier fipo v ofros termminales que &0 b. ano
no operen con lineas regulares 60 b mes
B. Areas de bugues en permansncia (Fondeaderos, amarra-
deros, darsenas, mmelles, atraques, termimales, ete)
1. Puertos d . 40 k. afio
. Puertos de cualquier ipo 70 b, mes
2. Ternunales especializados
— Pasajeros, Contenedores, Fermes v ofros termmales 200 k. afio
que operen con lineas regulares 20 b mes
— Graneles de cualquier tipo v otros termunales que 500 b. ano
no operan con lineas regulares 50 b mes

Figura 3.21. Tiempos medios aceptables de parada del puerto

De acuerdo a las tablas se han obtenido los siguiente valores:
Altura limite: 0,4 metros.
Tiempo maximo en zonas de transito: 20horas/afo y 4horas/mes.



3.3.2. Metodologia

El célculo de la agitacion mediante Matlab es similar al calculo realizado en el apartado
2 para la difraccion.

El procedimiento seguido ha sido el siguiente:

1°.

2°,

En primer lugar, sobre los planos se han dividido las zonas de atraques en funcion
de su tamafo, un esquema de esta situacion se muestra en la figura 3.22.

ZONAA1

ZONA 2

ZONA 3

Figura 3.22. Esquema zonificacion atraques

Debido a la disposicion de los planos se estimara un coeficiente constante de
difraccién entre el morro del dique y el morro del contradique, ya que en ese
espacio ocurrira una propagacion y disipaciéon del oleaje que afectara a las zonas
de atraques disminuyendo la altura de ola.

Para el calculo de ese coeficiente se realizara el mismo método que el calculo de
la difraccién del capitulo 1.

Es necesario el vector de direcciones que llegan al puerto (DirB), el vector de
longitudes de onda (LB), la recta que une ambas estructuras (R) y el angulo alfa
que forma esa recta con el dique, mostrados en la figura 3.23.

El procedimiento es el mismo que el explicado en el capitulo 1, en el apartado
"1.4.2.1. Metodologia", en el punto "5) Obtencién del coeficiente de difraccion”
Una vez realizado el programa se realizara la media de la matriz de coeficientes y
se adopta ese como coeficiente constante (Coef1) entre el dique y el contradique.

L

Dir

Figura 3.23. Esquema dique y contradique



3°.

4°.

Una vez se ha obtenido el coeficiente constante entre el dique y el contradique se
repite el procedimiento entre el contradique y las distintas zonas de amarre
realizadas en el paso 1° para obtener el coeficiente entre el contradique y cada
una de las zonas.
Un esquema del proceso se puede observar en la figura 3.24.
De este modo la altura en cada una de las zonas se calculara de la siguiente
manera:

Hzona = Hg - Coef1 - CoefZona

CoefZONA

R

alfa

Figura 3.24. Esquema del proceso

En el caso de que existan obstaculos previos a los atraques que distorsionen el
oleaje y protejan las embarcaciones habra que suponer otro nuevo coeficiente
constante entre el contradique y el obstaculo, obtenido analogamente al del paso
2°, y a continuacion repetir el proceso del paso 3° entre ese obstaculo y las
distintas zonas.

Un esquema de esto se observa en la figura 3.25.

La altura de cada zona se calcula de la siguiente forma:

Hzona = Hg - Coef1 - Coef2 - CoefZona

HB

R alfa

Coef1

— Coef2

)"a\l alfg

a

CoefZon

Figura 3.25. Esquema del proceso



5°.

6°.

Una vez obtenidas las series de alturas en cada una de las zonas, se obtienen
mediante el programa AMEVA sus regimenes medios.

A partir de ellos se comprueba si las distintas zonas cumplen o no los criterios

determinados en el apartado 3.3.1..

Se calcula la probabilidad que se introduce en los regimenes medios de la

siguiente manera:

% = 8670(h) — 20(h)
8670(h >)

= 0,9977

Con esta probabilidad se entra a los distintos regimenes medios y se obtiene la
altura de ola, que, para que cumpla debe ser menor a 0,4m.

3.3.3. Alternativa 1

A continuacion se realizaran los 6 pasos explicados en el apartado 3.3.2. para la
alternativa 1 para saber si cumple, y en caso de que no cumpla por cuanto para poder
compararla con las otras alternativas y poder elegir una de ellas como definitiva.

El programa de Matlab se encuentra en al final del proyecto como "Anexo Agitacion 1".

1°.

Zonificacion

Se observan en la figura 3.26. las 6 zonas de atraques, H6, H8, H10, H12, H15 y
H1820, que por estar juntos se han estudiado juntos.

Figura 3.27. Zonificacion Alternativa 1



2°  Coeficiente constante entre dique y contradigue.

Se ha calculado el coeficiente Coef1 entre el dique y el contradique para un
R=91,67m y un alfa=32° como se observa en la figura 3.28.

+

Figura 3.28. Esquema obtencion Coefl Alternativa 2
Se ha obtenido mediante Matlab un Coef1=0,3022.

3° Coeficientes de cada zona

En la figura 3.29. se muestran las distintas R para cada una de las 6 zonas
utilizadas para el calculo.

T
[

N ‘

Figura 3.29. Esquema de los distintos "R" para la Alternativa 1



En la figura 3.30. se muestran los distintos alfas utilizados para el calculo de las
alturas.

7 AT T TTHHELT

wENpREE
L1 ,II,!I_I
-""JJJLI_H_'IL'!_'r|
PRI T AR
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Figura 3.30. Esquema de los distintos alfas para la Alternativa 1

A partir de estos datos, junto con el vector de direcciones "DirB", el vector de
longitudes de onda "LB" y las matrices de coeficientes creadas con las tablas de
difraccidn se obtienen los vectores de alturas para cada una de las zonas.

4°, QObstaculos

En esta alternativa 1 los atraques de las zonas H6 y H8 estan protegidas por el
pantalan curvo, de modo que se estas zonas se ven afectadas por otro coeficiente
(Coef2). El valor del coeficiente obtenido mediante Matlab es: Coef2=0,1962.

Para calcularle se ha seguido el mismo procedimiento que para el coeficiente
constante entre el dique y el contradique.

Un esquema de los datos necesarios se observa en la figura 3.31.

Figura 3.31. Esquema de los parametros para coeficiente del obstaculo



5°y 6°. Regimenes medios

A continuaciéon se han analizado los regimenes medios para cada una de las
zonas:

= ZONA H6
En la figura 3.32. se muestra el régimen medio obtenido para la altura H6.
Para 0,9977 se obtiene una altura aproximada de 0,18m, luego cumple.

Para saber por cuantas horas se realiza la siguiente relacion:
A 0,4m le corresponde una probabilidad de 0,9999.
8670-(1-0.9999)=0,675h

Esta aproximacion servira para, en caso de que las otras alternativas no cumplan,
poder hacer una estimacién de que alternativa tendra peor funcionamiento y
realizara de una peor manera su cometido.

El resto de zonas se realizan de la misma manera.

Normal Probability Plot of Hs
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Figura 3.32. Régimen medio para la Zona H6 de la Alternativa 1



ZONA H8
Para 0,9977 se obtiene una altura aproximada de 0,13m, luego cumple.

Normal Probability Plot of Hs
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Figura 3.33. Régimen medio para la Zona H8 de la Alternativa 1

ZONA 10

Para 0,9977 se obtiene una altura aproximada de 0,35m, luego si cumple

Normal Probability Plot of Hs
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Probability

| L R - | H
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Figura 3.34. Régimen medio para la Zona H10 de la Alternativa 1



ZONA 12

Para 0,9977 se obtiene una altura aproximada de 1m, luego no cumple por 300h

Normal Probability Plot of Hs
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Figura 3.35. Régimen medio para la Zona H12 de la Alternativa 1

ZONA 15

Para 0,9977 se obtiene una altura aproximada de 1m, luego no cumple por 300h

Normal Probability Plot of Hs
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Figura 3.36 Régimen medio para la Zona H15 de la Alternativa 1



= ZONA 1820

Para 0,9977 se obtiene una altura aproximada de 1m, luego no cumple por 300h

Normal Probability Plot of Hs
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Figura 3.37 Régimen medio para la Zona H1820 de la Alternativa 1

3.3.4. Alternativa 2

Se repetiran los mismo pasos realizados para la Alternativa 1 para la Alternativa 2.

El programa realizado con Matlab se encuentra al final del proyecto como "Anexo
Agitacion 2".

Esta segunda alternativa no tiene obstaculos y todo el oleaje se distribuye de igual

manera por sus 7 distintas zonas de atraque, luego ninguna de las zonas se vera
reducida por otro coeficiente.

1°. Zonificacion

La Alternativa 2 esta dividida en 7 zonas, H6, H8, H10, H12, H15, H18 y H20,
como se puede observar en la figura 3.38.



PPN

Figura 3.38. Zonificacién Alternativa 2

2°. Coeficiente constante entre dique vy contradique

Se ha calculado el coeficiente Coef1 entre el dique y el contradique para un
R=92,07m y un alfa=42° como se observa en la figura 3.39.

Figura 3.39. Esquema obtencion Coefl Alternativa 2

Se ha obtenido mediante Matlab un coeficiente igual a 0,3485.

3° Coeficientes de cada zona

En la figura 3.40. se muestran las distintas R para cada una de las 6 zonas
utilizadas para el calculo.



4°,

Figura 3.40 Esquema de los distintos "R" para la Alternativa 1

En la figura 3.41. se muestran los distintos alfas utilizados para el calculo de las
alturas.

En esta alternativa no existen obstaculos.



5°y 6°. Regimenes medios

A continuacién se analizaran los regimenes medios obtenidos para las 7 zonas de
la alternativa 2.

Se procedera de la misma manera que en el analisis de la Alternativa 1.

= ZONAG
En la figura 3.42. se muestra el régimen medio obtenido para la altura H6.

Para 0,9977 se obtiene una altura aproximada de 0,7m, luego no cumple, ya que
es mayor que 0,4metros.

Para saber por cuantas horas no cumple se realiza la siguiente relacion:
A 0,4m le corresponde una probabilidad de 0,990.
8670-(1-0.990)=86,7h

Normal Probability Plot of Hs
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Figura 3.42 Régimen medio para la Zona H6 de la Alternativa 2



= ZONAS8

Para 0,9977 se obtiene una altura aproximada de 0,7m, luego no cumple por
86,7h.
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Figura 3.43. Régimen medio para la Zona H8 de la Alternativa 2

= ZONA 10

Para 0,9977 se obtiene una altura aproximada de 0,7m, luego no cumple por
86,7h.

Normal Probability Plot of Hs
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Figura 3.44. Régimen medio para la Zona H10 de la Alternativa 2



= ZONA 12

Para 0,9977 se obtiene una altura aproximada de 0,7m, luego no cumple por
86,7h.

Normal Probability Plot of Hs
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Figura 3.45. Régimen medio para la Zona H12 de la Alternativa 2

= ZONA 15

Para 0,9977 se obtiene una altura aproximada de 0,7m, luego no cumple por
86,7h.

Normal Probability Plot of Hs
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Figura 3.46. Régimen medio para la Zona H15 de la Alternativa 2



= ZONA 18

Para 0,9977 se obtiene una altura aproximada de 0,55m, luego no cumple por
60,7h.

Normal Probability Plot of Hs
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Figura 3.47. Régimen medio para la Zona H18 de la Alternativa 2

= ZONA 20

Para 0,9977 se obtiene una altura aproximada de 0,55m, luego no cumple por
86,7h.

Normal Probability Plot of Hs
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Figura 3.48. Régimen medio para la Zona H20 de la Alternativa 2



3.3.5. Alternativa 3

En este apartado se repetiran los mismo pasos realizados para otras dos alternativas
para la Alternativa 3.

El programa realizado con Matlab se encuentra al final del proyecto como "Anexo
Agitacion 3".

1°. Zonificacién

La Alternativa 3 esta dividida en 7 zonas, H6, H8, H10, H12, H15, H18 y H20,
como se puede observar en la figura 3.49.
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Figura 3.49. Zonificacién Alternativa 3

2°. Coeficiente constante entre digue y contradigque

Se ha calculado el coeficiente Coef1 entre el dique y el contradique para un
R=121,74m y un alfa=42° como se observa en la figura 3.50.

Figura 3.50. Esquema obtencién Coefl Alternativa 3

Se ha obtenido un coeficiente de valor 0,3188.



3° Coeficientes de cada zona

En la figura 3.51. se muestran las distintas R para cada una de las 7 zonas
utilizadas para el calculo.

L

Figura 3.51. Esquema de los distintos "R" para la Alternativa 3

En la figura 3.52. se muestran los distintos alfas utilizados para el calculo de las
alturas.

LA L]

Figura 3.52. Esquema de los distintos alfas para la Alternativa 3



4° QObstaculos

En la alternativa 3 hay dos obstaculos que provocan la distorsién del oleaje, por lo
que se han calculado dos coeficientes constantes mas.

El calculo del coeficiente de los obstaculo se realiza de la misma manera que el
del dique y el contradique.

Un esquema del calculo de estos coeficientes con sus caracteristicas se muestra
en la figura 3.53.
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Figura 3.53. Esquema de coeficientes de obstaculos

Los atraques de 18 y 20 solo se veran afectados por el coeficiente de la bocana y
el propio de cada zona.

Los atraques del medio de 15, 12 y 10 se veran afectados ademas de por el
coeficiente de la bocana y el propio de cada zona por el generado por el obstaculo
1.

Este tiene un R=98,26m y un alfa=46°

Tiene un valor de 0,3266.

Los atraques del final de 8 y 6 esta afectados ademas de por el coeficiente
generado por el dique y el contradique y el propio de la zona por el generado por
el obstaculo 2.

Este tiene un R=288,25m y un alfa=11°.

Tiene un valor de 0,1603.



5°y 6°. Regimenes medios

= ZONAG6
En la figura 3.54. se muestra el régimen medio obtenido para la altura H6.

Esta tercera alterativa por tener algunos de sus atraques mas resguardados y
estar afectados por un tercer coeficiente es de esperar que se obtengan mejores
resultados que para las otras dos alternativas.

Para 0,9977 se obtiene una altura aproximada de 0,08m, luego cumple, ya que es
menor de 0,4metros.

A 0,4m le corresponde una probabilidad aproximada de 0,9999 ya que sale de los
limites de la grafica. Esto es debido a lo comentado anteriormente de la existencia
de obstaculos, en concreto el coeficiente del obstaculo que afecta a los atraques
de 6 y 8 tiene un valor muy bajo de 0,1603.

Para saber por cuantas horas no cumple se realiza la siguiente relacion:
A 0,4m le corresponde una probabilidad de 0,9999.
8670-(1-0.9999)=0,867h
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Figura 3.54 Régimen medio para la Zona H6 de la Alternativa 3



= ZONA S8

Para 0,9977 se obtiene una altura aproximada de 0,08m, luego_cumple.
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Figura 3.55. Régimen medio para la Zona H8 de la Alternativa 3

= ZONA 10

Para 0,9977 se obtiene una altura aproximada de 0,2m, luego_cumple.

Normal Probability Plot of Hs
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Figura 3.56. Régimen medio para la Zona H10 de la Alternativa 3



ZONA 12

Para 0,9977 se obtiene una altura aproximada de 0,16m, luego_cumple.
Normal Probability Plot of Hs
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Figura 3.57. Régimen medio para la Zona H12 de la Alternativa 3

ZONA 15

Para 0,9977 se obtiene una altura aproximada de 0,33m, luego_cumple.
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Figura 3.58. Régimen medio para la Zona H15 de la Alternativa 3



= ZONA 18

Para 0,9977 se obtiene una altura aproximada de 0,06m, luego_cumple.

Normal Probability Plot of Hs
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Figura 3.59. Régimen medio para la Zona H18 de la Alternativa 3

= ZONA 20

Para 0,9977 se obtiene una altura aproximada de 0,06m, luego_cumple.
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Figura 3.60. Régimen medio para la Zona H20 de la Alternativa 3



3.3.6. Resumen y eleccién

Una vez terminado el estudio de las tres alternativas se esta en condiciones de hacer
la eleccion de una de las alternativas para continuar con el disefio.

Se han realizado unas tablas resumen de cada una de las zonas de cada una de las
alternativas mostradas en las figuras 3.61., 3.62. y 3.63.

ALTERNATIVA 1

H para 0,9977 ¢Cumple? Probabilidad ¢ Cuantas
para H=0,4m horas no
cumple?

0,9999 0,675
0,9999 0,675
0,4 0.9977 20
1 0,965 300
0,965 300
1 0,965 300

Figura 3.61. Cuadro resumen Alternativa 1

Tres de las seis zonas cumples.

Las zonas H6 y H8 tienen una altura muy baja debido al doble resguardo que tienen
por el pantalan curvo que hace que estén afectados por otro coeficiente.

La zona H10, pese a solo estar afectada por un coeficiente esta muy pegada al
contradique por lo que esta mas resguardada que el resto de zonas.

El resto de zonas estan expuestas de la misma manera a la corriente por lo que
presentan resultados similares.

Las zonas que no cumplen exceden las 20h al afio por 280h que parece mucho, pero
estas horas son 12 dias al afio que no parece mucho.

ALTERNATIVA 2

H para 0,9977 ¢Cumple? Probabilidad ¢ Cuantas
para H=0,4m horas no

cumple?

86,7

0,990 86,7
0,990 86,7
0,990 86,7
0,993 60,7
0,993 60,7

Figura 3.62. Cuadro resumen Alternativa 2



Ninguna de las zonas cumple ya que todas se encuentran expuestas de la misma
manera.

Se superan las 20h maximas de paradas, menos que la alternativa 1, pero al igual que
antes aunque se superen por 66,7h, estas no son ni 3 dias.

ALTERNATIVA 3

H para 0,9977 ¢Cumple? Probabilidad ¢Cuantas
para H=0,4m horas no

cumple?

0,9999 0,867

0,9999 0,867
0,9997 2,6
0,9999 0,867
0,9998 1,734
0,9999 0,867
0,9999

Figura 3.64. Cuadro resumen Alternativa 3

En la alternativa 3 las 7 zonas cumplen por los mencionado anteriormente sobre los
obstaculos.

Solo se vera en problemas para cumplir por unas 9horas, menos de la mitad de las 20
permitidas.

De modo que, la alternativa 3 sera la alternativa elegida.

3.4.ANALISIS DETALLADO DE LA ALTERNATIVA ELEGIDA

En este apartado se han analizado detalladamente todos los aspectos estudiados en
el aparatado "3.1.Criterios utilizados para el disefio" para la alternativa 3 que ha sido
finalmente la alternativa elegida.

3.4.1. Emplazamiento del puerto

Como se ha estipulado en el aparado 3.1. se ha mantenido el emplazamiento del
actual puerto, ya que se ha admitido que el lugar era el idoneo en base a los factores
explicado en el apartado "3.1.1. Emplazamiento del puerto".

3.4.2. Criterios generales de disposicion

Dentro de este apartado se han tenido en cuenta estos criterios.

1. Se han colocado los atraques de mayor tamafno en la parte mas cercana a la
bocana del puerto como indicaba el primer criterio.

2. Como se ha adoptado que el puerto solo es deportivo no es necesario establecer
una parte exclusiva para embarcaciones comerciales.



3. Respecto a los veleros sin energia auxiliar deberan atracarse en las zonas en las
que tengan una mayor facilidad, esto se valoraria una vez conocida la demanda de
este tipo de embarcaciones.

4. Las rampas estan dispuestas una en cada parte extrema del puerto (una al norte,
en la zona de tierra al lado de los atraques de 20 y otra al sur ya construida)
intentado influir lo menos posible en la zona de atraques pero manteniendo una
cercania con los mismos.

3.4.3. Area de darsena

El 4&rea de darsena estimado como minimo para la comodidad de las embarcaciones y
una buena disposicién del puerto se ha estimado de 55.200m? en base a un criterio
medio entre los expuestos.

El puerto tiene un area de darsena de 128.505m?, mucho mas que lo minimo, como se
muestra en la figura 3.65.. Hay que destacar que el criterio tomado para este célculo
solo tenia en cuenta el numero de embarcaciones y era un criterio que proporcionaba
un area baja comparado con el otro expuesto, que daria unos resultados que doblarian
los obtenidos.
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Figura 3.65. Area de darsena

Area de darsena: 128.505 m?

3.4.4. Area de tierra

El area de tierra estimado como minimo para las operaciones y mantenimiento de las
embarcaciones y el desplazamiento y uso de los usuarios ha sido estimado en
25000m? en base al criterio de "Puertos Deportivos”, M. A. Losada, M. Corniero.



El area tiene un area de tierra de 41.103 m? superior a los 25.000m? estimados
inicialmente como se observa en la figura 3.66., pero de nuevo, se ha adoptado el
criterio que proporcionaba un area mucho inferior al otro criterio.
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Figura 3.66. Area de tierra

Area de tierra: 41.103 m?

3.4.5. Anchura de bocana

La anchura de la bocana minima que se ha calculado en el apartado 3.1. ha sido de
50m basada en la tabla incluida en el documento "Recomendaciones para el disefio de
puertos deportivos en la Region de Murcia" debido a la disparidad de criterios.

La anchura de la primera entrada es de 116,88m, pero en su zona mas estrecha mide
83,57m, mas de 50m, como se observa en la figura 3.67., luego los barcos no tendran
ningun problema en su entrada.

Figura 3.67. Anchura de bocana



3.4.6. Canal principal

Como se comenté el canal principal va variando segun los atraques a los que haya
que acceder. En el caso del puerto habra 3 canales principales con 3 anchuras. La
anchura de los canales ha sido calculada con la ROM

El primero, para los atraques de esloras de 20 y 18. Seran los de 20 los que marquen

la anchura del canal con 35m.

Al estar en la entrada que es de gran anchura no tendran ningun problema para
acceder a los atraques, se llega con una anchura de unos 40m en su parte mas

estrecha. como se observa en la figura 3.68..
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Figura 3.68. Canal principal atraques de 20 y 18.

El segundo lleva a los atraques de 15, 12 y 10, sera el de 15 el que establezca el

minimo. Para los atraques de 15 se establece una anchura de 27m.

Se supera por mucho estos 27m luego no habra problemas para este segundo canal

tampoco como se observa en la figura 3.69.
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Figura 3.69. Canal principal atraques de 15, 12 y 10.




Para el tercer canal principal unicamente acceden los atraques de 6 y 8, luego sera el
de 8 el que imponga la anchura, que se ha estimado en 18m.
Se observa, que pese a estar mas ajustado que en los otros atraques se superan los
18m minimos estipulados como se observa en la figura 3.70.

I
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Figura 3.70. Canal principal atraques de 8 y 6

3.4.7. Calado

Para estudiar el calado del puerto se ha acudido a la batimetria en Autocad.
Se necesita para la bocana un calado minimo de 4,5m igual que en el calado principal.
Para los atraques se sigue la tabla de la figura 3.6.

ESLORA MAXIMA CALADO EN EL ATRAQUE
Hasta 6m 2m
Hasta 8m 2m
Hasta 10m 2,5m
Hasta 12m 3m
Hasta 16m 3,2m

Figura 3.6. Calados minimos en funcion del atraque

La batimetria de la que se dispone no corresponde a la actualidad, de modo que solo
servird de orientacién para poder saber su se necesitaran operaciones de dragado y
donde.

En base a lo observado en la figura 3.71. se dispone lo siguiente:

El calado de la bocana es de unos 8-9 metros, mas de 4,5m luego cumple el calado
minimo.

Como se observa se necesitaran operaciones de dragado en todas las zonas de
atraque cercanas al area de tierra por tener uno calados insuficientes.
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Figura 3.71. Calado del puerto

3.4.8. Atraques
3.4.8.1. Pantalanes

En el apartado 3.1. se ha establecido que los pantalanes de menos de 100 metros
tendran una anchura de 2m, y cuando sea mayor la anchura sera de 3 metros.

En la figura 3.72. se observa como los pantalanes de los atraques de 20 y 18 superan
los 100 metros y tienen una anchura de 3m
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Figura 3.72. Pantalanes de atraques de 20y 18

En la figura 3.73. se observa que los atraques de 12 y 10 tienen una longitud menor
de 100 metros y les corresponde una anchura de 2 metros.



Por otra parte el pantalan del atraque de 15 tiene una longitud superior a 100 metros,
luego le corresponde correctamente una anchura de 3 metros.
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Figura 3.73. Pantalanes de 15, 12y 10

En la figura 3.74. se pueden observar el pantalan de acceso a los atraques de 8 y 6,
superior a 100 con una anchura de 3 metros.

Los pantalanes de cada fila de atraques, con una longitud menor a 100 metros tienen
una anchura de 2metros.

i il

Figura 3.74. Pantalanes de 8 y 6

3.4.8.2. Atraques.

En este apartado se han comparado los atraques expuestos en el apartado 3.1. en las
figuras 3.11-17, con los realizados en el plano del puerto. Estos deben ser iguales.



20 metros de eslora por 6 de manga
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Figura 3.75. Atraque de 20x6

18 metros de eslora por 6 de manga
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Figura 3.76. Atraque de 18x6

15 metros de eslora por 5 de manga
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Figura 3.77. Atraque 15x5
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= 12 metros de eslora por 4 de manga
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Figura 3.78. Atraque 12x4

= 10 metros de eslora por 3,8 de manga

1,100 22

Figura 3.79. Atraque de 10x3,8

= 8 metros de eslora por 3,5 de manga y 6 metros de eslora por 2,5 de manga
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Figura 3.80. Atraques de 8x3,5y 6x2,5



3.4.9. Canales de acceso

Para el caso de los canales de acceso ocurre o mismo que para el canal principal,
dependiendo de cémo estén colocados los atraques las anchuras minimas seran unas
u otras.

La tabla mostrada en la figura 3.18. proporciona las anchuras del canal de acceso en
funcion de la eslora.

ANCHURA CANAL
ESLORAS ACCESO ‘
6 9
8 12
10 15
12 18
15 225
18 27
20 30
25 (buque de disefo) 37.5

"Figura 3.18. Anchura canal de acceso en funcién de la eslora"

El primero, para los atraques de esloras de 20 y 18. Seran los de 20 los que marquen
la anchura del canal de acceso con 37,5m.

Al estar en la entrada que es de gran anchura no tendran ningun problema para
acceder a los atraques, se llega con una anchura de unos 40m en su parte mas
estrecha. como se observaba en la figura 3.68..
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"Figura 3.68. Canal principal atraques de 20 y 18."

Para los atraques de 15 se establece una anchura de 22,5m., se observa que el canal
de acceso para este atraque es de 43m, que supera por mucho los 22,5m.

Para los atraques de 12 se ha establecido una anchura de 18m para el canal de
acceso y se observa en la figura 3.69. que se cumple, al igual que para los atraques
de 10 con una anchura de 15.
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Figura 3.81. Canales de acceso atraques de 15, 12 y 10.

Para los atraques de 6 y 8, se establecen anchuras para los canales de acceso de 9y
12 metros, como se observa en la figura 3.82.

Figura 3.82. Canales de acceso atraques de 8y 6

3.4.10. Area de reviro

Como se observa en la figura 3.83. se tiene un area de reviro sobrado para el radio de
37,5m establecido.

R37,5

Figura 3.83. Area de reviro



3.4.11. Servicios prestados por el puerto

Siguiendo principalmente el documento "Recomendaciones para el disefio de puertos
deportivos en la R. Murcia" que proporciona una informacion clara y resumida de
varios servicios, y sin entrar en mucho detalle en ellos se analizan los siguientes
servicios prestados por el puerto:

3.4.11.1. Estacion abastecimiento combustible

Las instalaciones destinadas a dar suministro de carburantes y combustibles a
embarcaciones constan en esencia de un almacenamiento de producto, un equipo de
suministro y opcionalmente un sistema de control electrénico del conjunto.

La estacién de servicio de combustible debera ubicarse en el puerto deportivo alejada
de muelles e instalaciones de servicios terrestres. Normalmente se situara cerca de la
bocana de acceso al puerto, en una zona protegida. El area adyacente debe ser apta
para alojar los tanques de almacenamiento de combustible, y contar con acceso
terrestre para los vehiculos de suministro de combustible y bomberos.

Siguiendo estas recomendaciones se ha dispuesto la estacion de servicio de
combustible donde se indica en la figura 3.84. ademas se acota el acceso a ella que
es de 20m, suficiente para el acceso de vehiculos.

Figura 3.84. Estacion de abastecimiento de combustible

3.4.11.2. Sistemas de comunicacion

El puerto debe habilitar ciertos sistemas de comunicacion. Los servicios habituales que
se demandan en las instalaciones portuarias de nueva creacion o existentes son los
sistemas de voz y datos, wifi y sistemas de megafonia.



3.4.11.3. Bafnos y duchas

El puerto deportivo debe disponer de instalaciones sanitarias ya sea en tierra o en los
pantalanes fijos o flotantes.

El documento "Recomendaciones para el disefio de puertos deportivos en la R.
Murcia" proporciona una tabla sacada de "Code of Practice for the Construction and
Operation of UK Marinas and Yacht Harbours" mostrada en la figura 3.85.

Instalacion Hombres Mujeres
wcC 1 cada 50 amarres 1 cada 50 amarres
Urinales 1 cada 75 amarres -
Lavabos 1 cada 50 amarres 1 cada 50 amarres
Duchas 1 cada 75 amarres 1 cada 75 amarres
Piletas de limpieza 1 por blogue 1 por bloque
WC discapacitados 1 por blogue

Figura 3.85. Instalaciones sanitarias en puertos deportivos

El puerto cuenta con 468 atraques luego:

- n° de WC: Entre 9 0 10 para hombres y lo mismo para mujeres.

- n° de urinales: Entre 6 0 7.

- n° de lavabos: Entre 9 o 10 para hombres y lo mismo para mujeres
- n°® de duchas: Entre 6 o 7 para hombres y lo mismo para mujeres

3.4.11.4. Zonas de estacionamiento de vehiculos

El puerto debe contar con una correcta provision de plazas de aparcamiento, tanto
para sus usuarios como para visitantes. La dotacién correcta es de 0,75 plazas de
aparcamiento (4,80m x 2,40m) por amarre.
De nuevo, "Recomendaciones para el disefio de puertos deportivos en la R. Murcia"
proporciona una tabla orientativa para el nUmero de amarres y la superficie.
Para nuestro numero de atraques se han obtenido los siguientes valores:

375 plazas (8 reservadas para minusvalidos)

5.760 de suelo util (m?)

8.060 de reserva de espacio (m?)

Como la superficie de tierra del puerto es de 41.103 m?, y solo se necesitan 8.060 m?,
los aparcamientos ocuparian el 20% de la superficie de tierra.

Se ha dividido el area de aparcamiento en 2.

La primera parte con una superficie de 450544 m? situada al norte del puerto
mostrada en la figura 3.86..

La segunda parte con una superficie de 3588 m? situada en la parte sur de pueblo
mostrada en la figura 3.87..

Entre ambas partes se ha conseguido una superficie de 8093,44 m? reservada para
esta instalacién



Figura 3.87. Aparcamientos zona Il



3.5.CONCLUSIONES

Para concluir el capitulo se presenta una tabla resumen de las magnitudes estimadas
para el puerto basandose en los distintos criterios expuestos a lo largo del apartado
3.1. y los realizados finalmente para la alternativa elegida.

] CRITERIOS ALTERNATIVA

55.200 m? 128.505 m?
25.000 m? 41.103 m?
50m 83,57 m
35m 40 m
27 m 71,2m
18 m 20,11 m

La variacion de los criterios respecto de los estimados se debe a la gran diversidad de
criterios que existen y a que no se han seguido siempre los mismos.
El resto de condicionantes se cumplen como se puede comprobar en el apartado 3.3.

Respecto a la agitacion portuaria, se puede concluir, que cuantos mas obstaculos
protejan los atraques mas resguardado estara y menos agitacion interior tendra, y por
tanto prestara un mejor servicio.

La alternativa ha cumplido no solo la variacion de altura de ola permitida en todos los
atraques (menor de 0,4), sino el nimero de horas maximas (menor de 20h/afio) que se
obtuvo de la ROM pese un niumero muy reducido, aun asi la alternativa solo tendra 8,7
horas en las que no se cumpla el criterio de la altura de ola maxima en el interior del
puerto.

Para hacer las otras dos alternativas mas funcionales, una posible solucién hubiese
sido aumentar el morro del dique, ya que la distancia entre el dique y el contradique
hara que la altura de ola disminuya a su entrada en el abrigo del puerto. Una
estimacion de ese aumento se puede estimar con el porcentaje de horas que supera
las permitidas.

Otra posible soluciéon seria variar la zona de tierra para producir obstaculos como los
que tiene la alternativa 3.

No se realizara el calculo del contradique ya que, al realizar el disefio se ha optado por
continuar el contradique que abrigaba el puerto antiguo, luego por cuestiones disefio
se mantendra la forma y anchura del mismo, pero, se hace constar que para el calculo
del contradique, para obtener sus caracteristicas significativas, habria que conseguir la
altura de ola en el morro del contradique, esto se consigue multiplicando la serie de
oleaje en el punto B, por el coeficiente ya obtenido para el estudio de la agitacion
interior. Esta serie de alturas obtenida en el morro del contradique seria la que se
utilizaria



CAPITULO 4.
DISENO DEL DIQUE



CAPITULO 4. DISENO DEL DIQUE

En el presente capitulo se ha llevado a cabo el disefio del dique, desde el punto de
vista funcional y estructural.

Se aplican las formulaciones semi-empiricas para el disefio de un dique en talud de
materiales sueltos con base en los parametros de oleaje propagados a pie de
estructura.

El disefio se basa en los criterios funcionales y estructurales recogidos en las
Recomendaciones de Obras Maritimas (programa ROM) y presentados en el capitulo
3 del presente documento.

4.1.DISENO FUNCIONAL SECCIONES DEL DIQUE

A partir del disefio funcional se pretende establecer la cota de coronacién del dique en
base a los criterios que recoge la ROM: la operatividad y el numero de paradas.

Para ello se ha utilizado el programa Matlab, el programa realizado para su calculo se
encuentra al final del proyecto como "ANEXO CALCULO DEL DIQUE".

4.1.1. Cota de coronacion

4.1.1.1. Criterios

En primer lugar es importante definir los distintos niveles que se encuentran a pie de
dique y las distintas cotas mas representativas para el calculo de la cota de
coronacion. Para observar esto se ha realizado el esquema mostrado en la figura 4.1.

COTADE Run-up total (Run-up+marea)
CORONACION mn
\4 T

Rc (Francobordo)

N.C. (NMC)
Nivel de Calculo

: C.P.
ﬁSerie de marea Cero del Puerto

Figura 4.1. Esquema dique talud




El cero del puerto normalmente corresponde con la bajamar, en este caso con la
bajamar viva de la serie de mareas (Suma de la marea astronémica y la
meteorologica), esta fue calculada en el apartado 1.4.2.2. "Consideracion respecto del
nivel del mar", y tiene un valor de -2,3546m, este sera el valor tomado como 0.

El Nivel de calculo (o nivel medio de calculo) es la cota sobre la marea desde la que se
mide el Run-up de la férmula de Run-up de Losada y Gimenez Curto (1981), para
conseguir el Run-up total, habra que sumar a la serie de Run-up calculada la serie de
mareas modificada como se indica en el apartado antes mencionado. (Todo ello esta
recogido en el Anexo célculo del dique del final del proyecto).

El francobordo (Rc) se obtendra de la formula para el calculo del caudal de rebase de
Waal y van der Meer (1991), siguiendo la metodologia expuesta en el apartado

siguiente. El francobordo se mide desde el cero del puerto hasta la parte superior del
espaldon.

De modo que se utilizaran dos criterios para la obtencion de la cota de coronacién:
e 1% criterio: Run-up. Losada y Gimenez Curto (1981)

RuZ%

Hsyo, =Ay - [1 —exp (By - Iro)]

El Run-up es el remonte del oleaje sobre la estructura, se puede definir como el
ascenso maximo del agua sobre el talud de una estructura (en este caso el dique),
medido por la distancia vertical del nivel medio del mar al punto maximo de
desplazamiento sobre el talud.

El limite lo impondra la operatividad, calculada en el capitulo 2, criterios generales
de disefio, resultando de 0,99 (99%), como se ha explica en el apartado siguiente.

e 2°criterio: Rebase. Waal y van der Meer (1991)

rogo |L__seeimsorimcons T = 87107 exp [31- (Ruzy — Re)/Hs]
200
100 Muy paligros 1 El rebase del oleaje (overtopping) se utiliza para
trsgure e | describir el efecto de transmisién del oleaje por
10 e encima del coronamiento de una estructura, en este
Ploue dn ieers 1, caso del dique.
_ ! —— El limite lo impondra el numero de paradas (eventos)
VORI o s afisiors ©2  permitidos, también calculados en el capitulo 2,
0.1 m:‘”l Dl vertizal ' resultando de 5 paradas anuales.
| rem— 0.03
R P el | e El limite de caudal maximo de rebase se tomara de
e ———1|[0.004 |3 tabla de la figura 4.2. que indica los caudales
0.001 e pene . maximos para vehiculos, peatones y edificios.
welooidad
O e ees [Pamtones | Eamans Figura 4.2. Caudal maximo




El limite para el proyecto lo impondran los peatones, que seran los que paseen por la
estructura, para el dique y fijandose en la figura 4.2. se obtiene un caudal maximo de
rebase de 0,03 I/s/m.

4.1.1.2. Metodologia

Para la ejecucion de este apartado se ha hecho uso del programa Matlab, utilizando
algunos de los resultados obtenidos en los anteriores capitulos.

La metodologia a seguir ha sido la siguiente:

1) Datos
En primer lugar se obtienen los vectores necesarios, ya calculados para la
propagacion del capitulo 1 estos son:
- Lo : Vector de longitudes de onda en aguas profundas.
- HB : Vector de alturas de ola en la zona del puerto.
- N2 : Vector de mareas cambiadas a cota 0.

2) Calculo del Run-up
Primero se ha realizado el criterio del Run-up:
Ry29,
#2% = Ay - [1 —exp (By * Io)]
Dentro de ésta formula aparece el nimero de lIribarren que tiene la siguiente
expresion:

L= tana
r0o — E
Lo

De modo que se necesitan los siguiente datos para realizar el calculo del Run-up:
- tan a: como es un dique con talud 2:1, tiene un valor de 0,5.

- Hs: el vector de alturas de ola en el puerto HB.

- Lo: el vector de longitudes de onda en aguas profundas.

- Hsoe,: tiene un valor de 1,399-HB.

- Auy Bu coeficientes constantes que depende de la geometria de las piezas:

3 L Tipo de pieza A B,
Como estara formato de cubos de hormigon, Unclassified quamy | 180 046
tlpO de pieza: Cubes. Classified quarry 1.37 -0.60
Au=1,05 Tetripodes 093 075
Bu=-0,67 Dolos 0.70 -0.82
Cuadripodes 0.93 -0.75
Cubes 1.05 -067

Cuando en la serie de Run-up coincidan Run-up altos con pleamares se tendran los
valores mas altos de Run-up.

3) Caélculo del rebase
El calculo del rebase se realiza siguiendo la siguiente expresion:




q

/g.HS3

Las diferentes variables que intervienen son:

- g:aceleracion de la gravedad igual a 9,8 m/s?.

q : caudal unitario de rebase en (m*/s/m)

Hs: el vector de alturas de ola en el puerto HB.

- Ry : serie de run-up total obtenida anteriormente.
R. : francobordo, lo que se quiere hallar en metros.

=8-107°-exp [3,1 - (Ryzo, — R)/Hs]

Para su obtencion se utilizara un método iterativo, dando valores a "q" hasta que se
cumpla la condicion requerida.

Aplicacién de los criterios

Como se ha comentado se aplicaran dos condiciones, la operatividad y el nimero
de paradas.

Para la operatividad se deben representar los distintos "q" calculados, en el
programa se han realizado dando valores a Rc desde 9 hasta 14 m., por ser el
maximo Run-up total de 9,4m, frente a la probabilidad.

Como la operatividad del proyecto es del 99%, habra que ir a la probabilidad de
0,99 y comprobar que el caudal obtenido sea menor del impuesto, que es 0,03
I/'s/m.

Para el nUmero de paradas se han contado el nimero de veces que se supera el
caudal admitido que es de 0,03, en un ano no puede ser superior a 5 veces (por ser
5 paradas anuales), para la serie de datos que es de 60 anos, el numero de
eventos (paradas) no podra ser superior a 300.

Resultado final
Se obtendra un Rc lo mas aproximado posible que cumpla ambos criterios.

4.1.1.3. Resultados

Hay que tener en cuenta que el criterio de la operatividad es menos restrictivo que el
de las paradas, luego sera el segundo criterio el que proporcione la altura definitiva.

4.1.1.3.1. Operatividad

Como la cota maxima de Run-up es de 9,4349 se ha comenzado a estudiar de forma
iterativa el francobordo (Rc) desde 9.

Aunque cumpla uno de los Rc, el criterio de niUmero de paradas aumentara la altura
del francobordo.



Para Rc=9m
En la figura 4.3. se observa la distribucion de la altura frente a la probabilidad.

Para la probabilidad de 0,99 se ha obtenido un caudal de rebase aproximado de 0,034
I/s/m, luego no cumple.

Habra que probar con una altura mayor, pero al estar cercano probablemente para
este criterio con un Rc=10m se cumpla.

Normal Probability Plot of Hs
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Figura 4.3. Probabilidad del caudal de rebase para un Rc=9m
Para Rc=10m

En la figura 4.4. se representa la probabilidad del caudal obtenido para Rc=10m.

Para la probabilidad de 0,99 se ha obtenido un caudal de 0,015 I/s/m, menor de 0,03,
luego cumple.



Normal Prohability Plot of Hs
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Figura 4.4. Probabilidad del caudal de rebase para un Rc=9m

Luego con el criterio de la operatividad con una altura de 10m ya cumple, como con el
criterio de las paradas se necesitara mas altura no se ha precisado mas la altura.

4.1.1.3.2. Numero de paradas

Para obtener el nimero de eventos se ha programado en Matlab para obtener el
numero de veces que el caudal de rebase supera los 0,03 I/s/m establecidos.

Se ha realizado una primera aproximacioén con los caudales de 9 a 14 m*/s/m. Como
se ha mencionado antes, se permiten como mucho 5 paradas anuales, que en la serie
total de 60 afos, se permiten 300 paradas totales.

Se considera como parada, cuando el agua rebase la estructura y quede inutilizada
para su uso.

Un resumen de los resultados obtenidos en la primera aproximacién se muestra en la
figura 4.5.



FRANCOBORDO (RC) | N°PARADAS TOTALES | N°PARADAS ANUALES
20

1177

| 9m |

| 10m 498 9
| Mm 213 4
| 12m 88 2
| 13m | 38 1
L 14m 7 1

Figura 4.5. Cuadro resumen namero de paradas 12 aproximacion
Se observa que la altura correcta se encuentra entre 10 y 11metros.
Se ha aproximado mas la altura mediante el programa Matlab realizando una segunda

aproximacién, como parece estar mas cercana a 11 que a 10 se empezara a
aproximar desde 10,5m, se observan los resultados obtenidos en la figura 4.6..

N°PARADAS
o

FRANCOBORDO (Rc) | N°PARADAS TOTALES AL
| 105m | 2
| 106m

318 ,
294 4,9

271 45

Figura 4.6. Cuadro resumen numero de paradas 22 aproximacion
Se obtiene una altura de coronacién de 10,6m

4.2.DISENO ESTRUCTURAL DEL DISENO DEL DIQUE

4.2.1. Peso de las piezas
Para calcular el peso de los elementos del manto principal del rompeolas en talud se
ha utilizado la formulacion de Losada Giménez-Curto, para un rompeolas no rebasable

y que estiman el peso del elemento de proteccion en el cuerpo del rompeolas.

La ecuacion para el célculo de las piezas del manto principal de Losada Giménez-
Curto se representa bajo la siguiente formulacion:

Wp=pw'R"P'Hr:3

Siendo:
pw = densidad del agua TIPO BLOQUE | axaxa
Ph /
= Pw Cotan @ 15 20 28
ph/ —-13
Pw ) L Ticio averis T 00470
@ = 0,047 (inicio de averia por ser lo mas restrictivo)
H, = Hs, Averia Irbarren | 0.033 0.028 0.024
Destruccion 0.02700220.018




El criterio para obtener el nuUmero de mantos secundarios consiste en ir dividiendo el
peso del manto entre 10, y cuando este sea inferior a 100kg considerar el anterior el
ultimo.

4.2.1.1. Manto principal

Para el calculo del peso de las piezas del manto principal exterior se necesitan los
siguiente parametros.

pw = densidad del agua = 1025 kg/m3

Ph/pw 2300/1025
PrYpy=13 23910051
@ = 0,047 (inicio de averia por ser lo mas restrictivo)
H.=Hsp =61m

R =

=18

w

Luego:
w, =pW-R-(p-HC3 =1025-1,8-0,047 - 6,13 = 19.682,65 kgf = 19,7t

Para calcular el espesor del manto principal se utiliza la siguiente expresion:

oW _s[19683
w= 5T (2300 ° ™

Esto coincide con el lado del cubo de hormigén, luego los cubos seran de 2m de lado.
Espesor de dos capas: 2x 2 =4m

4.2.1.2. Mantos secundarios
=  1°" manto secundario:

19,7
s1 = 10

=197t

La escollera utilizada para este manto tiene un peso de 1,5-4 t (peso medio 2,75t)

bW _s27s0
nsl= T 2650 ™

Espesor de 2 capas: 2 x 1,012 = 2,024m

= 2°mando secundario:



1,97
WSZ = 10

= 197kg

La escollera utilizada para este manto tiene un peso de 100-400kg (peso medio 250kg)

Doy = |22 =7 [ 222 _ 45
st = 50T 2650 0™

Espesor de 2 capas: 2x 0,45 =0,9m
E siguiente manto seria de 97kg<100kg, de modo que no se considerara un tercer

manto secundario.

4.2.1.3. Nlcleo

El nucleo sera todo uno de cantera.

4.2.1.4. Muro parte interior

Como se ha indicado en el apartado "2.2.1.4. Tipo de talud" del capitulo 2, en la parte
interior del talud, para proteger el manto interior se ha colocado un muro vertical para
mas funcional el interior del puerto.

Se realizara de hormigén.

4.2.1.5. Cuadro resumen

PARTE DEL TIPO ESPESOR
MANTO [m, 2 capas]

BLOQUES DE
Manto Prmmpal HORMIGON 19700

1" Manto ESCOLLERA 1500-4000 2,024
Secundario

& Wanto ESCOLLERA 100-400 0,9
Secundario




4.2.2. Diseno del espaldon

Para el disefio del espaldén se propondra un espaldén prismatico, coronado a la cota
de la berma superior de los cubos de hormigén, 10,6 metros y 4m y suponiendo su
base a la altura de la maxima pleamar a 5m

Como se ha adoptado la teoria de que el espaldon queda completamente protegido
por la berma superior, no se consideraran las presiones dinamicas para el calculo, lo
que simplificara los calculos.

Un esquema de las cargas pseudohidrostaticas que afectan al espalddon es el
mostrado en la figura 4.7. que se muestra a continuacion:

10,6m b

o=

wl
Fh

& F 3 ) P
Pe ,? Pa a

FS1W52
Ms1§ @ Ms2

Figura 4.7. Esquema cargas pseudohidrostaticas en el espaldon

@Mh

5m

Para el calculo las fuerzas se ha realizado un Excel que, en funcion de la anchura "b"
calcule la anchura minima que cumpla las condiciones minimas de seguridad.

Los dos métodos de fallo analizados han sido deslizamiento y vuelco. Deben
analizarse independientemente ambas hipotesis de carga.
Las expresiones de cada una son:

_HW=F)

CSD
Fy

4

Siendo para el Coeficiente de Seguridad al Deslizamiento:
M: Coeficiente funcion de H, L y n.

W: Peso del espalddén (N/m)

Fs: Fuerzas en contra del deslizamiento (N/m)

Fh: Fuerzas a favor del deslizamiento (N/m)

M
Y _>14

CSV =——2=>1,
My + M



Siendo para el Coeficiente de Seguridad al Vuelco:

Mw: Momentos en contra del vuelco referido al peso del espaldon (N*m/m)
Mh: Momento a favor del vuelco referido al empuje horizontal (N*m/m)

Ms: Momentos a favor del vuelco referidos a la subpresion (N*m/m)

Para calcular el ancho del espaldon se ha realizado el siguiente Excel, para su
realizacién se necesitaban algunos datos previos que son:

H: altura maxima calculada en capitulo 2 = 8m

L: longitud de onda para Tm=10s = 106m

n: numero de piezas por anchura de berma = 3

pw: densidad del agua = 1025 kg/m®

g: aceleracion de la gravedad = 9,8 m/s?

Rc: altura de coronacién = 10,6m

hc: altura sobre el fondo de la cimentacion = 5m

ph: densidad del hormigén = 2300 kg/m?®

NC: nivel de célculo = 4m

b: ancho del espaldén

f(H/L,n) £(8/106,3) 0,29
p-p-g-(Re-hc) 0,29-1025-9,81-(10,6-5) 16329,726  N/m2
Pa-(Rc-hc)/2 16330-(10,6-5)/2 45723,2328  N/m
Fh-(Rc-hc)/3 45723-(10,6-5)/3 85350,0346 N*m/m

f(F/L) £(3/106) 0,52

coef.-Pa 0,52:16330 8491,45752  N/m2

Pe-b 8491-b 16982,915  N/m
Fs1-(b/2) 16983-(b/2) 16982,915  N*m/m

(Pa-Pe)-b/2 (16330-8491)-(b/2) 7838,26848  N/m
Fs2-b-2/3 7838-b-2/3 10451,0246  N*m/m

g-b-ph-(Rc-NC)] 9,81-b-2300-(10,6-5)] 252705,6 N/m
W-b/2 252705,6-b/2 2527056  N*m/m

(u-(W-Fs1-Fs2))/Fh (0,37-(252705-16983-7838))/45723 3,48879731 >1,4

(Mw-Ms1-Ms2)/Mh (252705-16982-10451)/85350 2,6393857 >1,4

Se obtiene un ancho de espaldon igual a 2 metros

Se podria haber reducido aun mas el espaldén, pero no es recomendable por quedar
muy esbelto.

En algunos casos, se puede reducir el area del espaldén para reducir el material,
dejando de tener una forma cuadrada o rectangular



4.3.ESQUEMA DEL DIQUE

Para el espalddn se supone la anchura calculada en el apartado anterior de 2 metros,
se coloca la base del espalddn coincidiendo con el nivel de maxima pleamar a 5m
sobre el cero del puerto.

Esto se hace asi para evitar que el espaldén quede sumergido, ya que el empuje del
agua que afecta al espaldon con parte sumergido favorece el vuelco, hecho afecta de
forma negativa a su estabilidad, por ello se evita que el espaldon quede sumergido
colocandole por encima de la maxima pleamar.

Como se explico al comienzo del apartado 4.2.2. se ha coronado a la cota de la berma
superior, luego a partir de la coronacion del espalddn se comienzan a colocar el manto
principal y los dos secundarios, con las anchuras calculadas de 4, 2,024 y 0,9 metros,
calculadas en apartados anteriores y de los materiales también indicados.

Se utiliza la pendiente mas habitual para diques en talud, que es 2:1 (2 en horizontal 1
en vertical).

Para la anchura de la berma superior, se ha supuesto para el calculo del coeficiente
n..n

M" que se colocaran 3 piezas por anchura de berma, como se ha calculado que el
lado del cubo es de 2 metros, se obtiene una anchura de berma de 6 metros.

Para la anchura de la banqueta donde pasaran los peatones se ha supuesto de 7
metros por considerarse suficiente para su propdésito.

La berma de pie es orientativa, no se ha calculado, pero se supone suficiente para sus
funciones que son aportar estabilidad extra a los mantos, actuar de filtro y evitar que
los bloques de mayor tamafo descansen directamente sobre el fondo para evitar la
erosion de estos o su hundimiento.

En la parte interior del puerto se coloca el muro vertical antes indicado. Se coloca de
modo de que su parte superior quede a 2 metros sobre el Nivel Medio Calculo, con la
intencion de que en su marea mas alta, el nivel de agua este 2 metros por debajo.
Tiene una anchura de 2 metros y termina en el fondo. No se han llevado a cabo los
calculos para el dique vertical.

Para el fondo, debido a que la batimetria es irregular, se realizaran operaciones de
dragado, como se ha mencionado en capitulos anteriores. Se pretende conseguir un
fondo mas o menos regular, luego se estima una pendiente en el fondo de 10:1.

En el plano expuesto a continuacién se ha realizado con Autocad la seccion acotada
del dique siguiendo las indicaciones expuestas.
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4.4.COMPARACION CON EL DIQUE ACTUAL

Si se realiza la comparacion con el dique del actual puerto se observan diferencias y
similitudes.

Si se observan ambas plantas se observa como el dique principal, pese a tener ambos
una forma curva el dique del puerto del proyecto tiene mucho menos curvatura que el
dique del puerto actual. Debido a esto y a que su inicio estas mas cercano a la costa
que el actual, el oleaje que llega a él estda mas propagado y llega con menor altura,
hecho que es beneficioso y que ha hecho que las dimensiones del dique y sus piezas
varien respecto del dique actual.

El contradique tampoco tiene la misma geometria que el del dique actual, igual que en
el otro se producira una acumulacion de sedimentos en la parte inferior debido a las

corrientes y al oleaje.

En las figuras 4.7 y 4.8 se observan las plantas del dique actual y del plano realizado
para el proyecto.

1

Figura 4.7. Planta puerto actual Figura 4.8. Planta puerto proyecto

Entre las diferencias debido a lo mencionado anteriormente se observa e lado de los
bloques, el obtenido para el proyecto es de 2 metros, mientras que los bloques del
dique principal del puerto actual son de 3 metros de lado.

También en la altura de coronacion, la calculada con Matlab ha sido de 10,6 metros,
mientras que la del puerto actual va desde 14 a 17 metros, esta diferencia se debe a
que el dique del puerto actual esta unos metros mar adentro lo que provoca que haya
mas profundidad.

Otro hecho que provoca las diferencias entre ambos es la metodologia de calculo
empleada y las diferencias sobre todo en el célculo de la difraccion, como se ha
mencionado anteriormente.

el



En las figuras 4.9 y 4.10 se observan los bloques del actual puerto asi como una
imagen del actual dique para hacerse una idea de su tamafo.

Figura 4.10. Dique del actual puerto



4.5.CONCLUSIONES

Pese a que las condiciones de operatividad y numero de paradas eran muy restrictivas
se ha conseguido una cota de coronacion que responde a lo habitual en los puertos
del Cantabrico, esto es indicativo de que el calculo esta bien realizado.

Siguiendo el criterio para el numero de mantos secundarios, que consiste en ir
dividiendo el peso del manto entre 10, y cuando este sea inferior a 100 kg considerar
el anterior el ultimo, se han obtenido un manto principal mas dos secundarios,
situacién habitual en los diques en talud.

El muro vertical colocado en la parte abrigada del dique tendra como funcién evitar
hacer mas funcional el interior del puerto para ganar area de darsena.
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CAPITULO 5. CONSTRUCCION

En este ultimo capitulo se ha pretendido realizar de una manera resumida tres de las
funciones mas importantes en un proyecto de construccién, el plan de obra, la
seguridad y el presupuesto.

Se realiza de manera general para justificar la mencion a la que pertenece el proyecto,
que es Hidraulica y Medio Ambiente, y el tipo de proyecto.

5.1.PLAN DE OBRA

En este aparatado se presenta un programa de trabajos que da una idea del desarrollo
secuencial de las principales actividades de la obra con un enfoque genérico.

El plan de obra responde a un planteamiento de desarrollo ideal de la obra, que en la
practica es probable que varie ya que depende de multiples factores no todos
controlables, por ejemplo, el clima maritimo en la zona de estudio condicionara la
planificacion de la gestion de la obra anual, como se comentara mas adelante.

Se estudian por un lado las unidades basicas de obra y por otro los rendimientos.

5.1.1. Unidades basicas

Se consideraran unidades basicas:
» Dragados

Fabricacién bloques

Colocacién de bloques

Espaldon

Y V V

5.1.2. Rendimientos

Tanto el volumen de dragado, como el numero de bloques, como el volumen del
espaldon se han calculado en apartado 5.3.1. Calculos para la realizacion del
presupuesto.

- Dragados
Se considera un equipo compuesto por:
- una draga de rosario.
- un ganguil con un rendimiento de 1900 m3/dia.
> Se tiene un total de 120.090 m® que dragar, luego seran necesario 63 dias.

- Fabricacion bloques
Se consideran tres equipos compuestos por:
- una retroexcavadora con garra prensora.
- camiones con bomba de hormigon.
- personal necesario con un rendimiento de 90 bloques/dia.
» Son necesarios 34.456 bloques, luego se necesitan 414 dias.



- Colocacién bloques
Se considera un equipo compuesto por:
- una grua autopropulsada.
- un fuera borda.
- un submarinista.
- personal necesario con un rendimiento de 180 bloques/dia.
» Son necesarios 34.456 bloques, luego se necesitan 191 dias.

- Espaldén

Se considera un equipo compuesto por:

- una grua autopropulsada.

- camiones con bomba de hormigon.

- personal necesario con un rendimiento de 10 m3/dia.

> Para su realizacion se necesitan 6.869 m® luego se necesitaran 69 dias.

A esto hay que sumarle la realizacién del espaldén del contradique, luego se
incrementan los dias a 120 dias.

5.1.3. Consideraciones

Se considera que cualquier tipo de trabajo puede realizarse a cualquier hora, cualquier
dia del afno.

Como se comentd anteriormente, la ejecucion es totalmente dependiente del clima
maritimo a pie de obra.

Especificamente la eficiencia, calidad y seguridad del trabajo constructivo sobre el
dique, ésta dependera en gran medida de la interaccién que tenga el oleaje sobre la
estructura, ya sea parcial o completamente construida.

Por este motivo es necesario tener en cuenta diferentes umbrales de trabajo seguro
con base en la frecuencia de ocurrencia y duracién de los eventos individuales del
rebase del oleaje sobre el talud del dique.

Por lo tanto el cronograma presentado en el apartado siguiente debera ser cruzado
con la informacién del rebase obtenida en el "CAPITULO 4. DISENO DEL DIQUE" y
con umbrales de seguridad que la obra establezca en funcion del tipo de
trabajos/maquina/personal.

De modo que, en el capitulo 4 se calcul6 el francobordo de 10,6 metros cumpliendo el
criterio de menos de 5 paradas anuales, obteniendo 4,5 paradas.

En el "CAPITULO 2. CRITERIOS GENERALES DE DISENQO" se obtuvo que la
duracién de cada para cada para es de 3 horas, como son 4,5 paradas, habra 13,5
horas al afio en las que el dique no sera seguro.

Como se ha estimado una duracién de proyecto de 25 meses, unos dos afos, se
suponen unas 28 horas en las que el dique no sera seguro. Como no se puede
conocer en que momentos ocurriran los rebases no se pueden estimar el numero de
dias en los que los trabajos de la obra deberan ser suspendidos por las condiciones de
peligrosidad.



En fase de construccién, por no alcanzar aun la cota de 10,6 metros que es la altura
obtenida para esa condicion de 4,5 paradas, el nUumero de horas en las que el dique
no sera seguro por el rebase del oleaje se vera incrementado.

5.1.4. Diagrama de Gantt

A continuacion se describe un diagrama del desarrollo de los trabajos con un plazo
total de 25 meses.

Para su representacion se ha realizado con Excel un diagrama de Gantt orientativo de
lo que se espera que fuese el plan de obra.

Un diagrama de Gantt es una representacion a escala de la duracién de las
actividades en un grafico en el que se colocan los tiempos en abscisas y las
actividades en las ordenadas.

A continuacion se presenta el diagrama de Gantt del proyecto.
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5.2.SEGURIDAD Y SALUD

El objeto de este apartado es detectar los posibles riesgos especificos derivados de la
realizacién del Proyecto y de los trabajos de reparacion, conservacion y mantenimiento
necesarios.

5.2.1. Analisis de los riesgos

En la realizacién de la obra se efectuaran trabajos de excavacion a fin de remover
rocas, gravas, arena y zona cementada, para lo que se emplearan: retroexcavadora,
martillo rompedor y pala cargadora.

Las operaciones de transporte y vertido constituyen una parte fundamental de la obra,
dado el volumen de material a mover. El transporte se realizara mediante camiones
basculantes y para el vertido y colocacién del material retroexcavadora, ganguil
automdvil, grda automévil y excavadora de cuchara de empuije.

Los riesgos mas frecuentes durante la etapa constructiva se muestran en los
apartados siguientes.

5.2.1.1. Construccion del dique

» Caidas de personal por ausencia de protecciones: caidas de altura desde la
plataforma de trabajo, caidas al mar.
» Desplazamientos no deseados de maquinaria por falta de aseguramiento.

5.2.1.2. Movimientos de tierras y vertidos

» Atropellos y aplastamiento del personal por:
- Inicio brusco de las maniobras.
- Falta de sefializacién en las zonas de trabajo.
- Ausencia de resguardo de los elementos moviles en maquinas.
- Permanencia indebida en la zona de accién de las maquinas.
» Inestabilidad de acopios, deslizamientos.
» Contaminacién por exceso de polvo.

5.2.1.3. Manejo de maquinaria y herramientas

» Vuelcos de la maquinaria.

» Caidas de material desde la cuchara.

» Salpicaduras y proyecciones.

» Atropellos y colisiones en maniobras marcha atras o giros con elementos fijos u
otros vehiculos.



» Atropellos y colisiones de maniobras de marcha atras o giros con elementos fijos
u otros vehiculos.

» Desprendimientos de materiales por fallos mecanicos (rotura de cables o
enganches, etc.)

» Descargas eléctricas, quemaduras, cortes en extremidades superiores,
afecciones oculares.

5.2.2. Medidas de prevencion de riesgos
5.2.2.1. Normas basicas de seguridad

» Sefalizacién tanto acustica como luminosa en la maquinaria.

» Revision periodica de la maquinaria. incluyendo cables, sistemas hidraulicos,
mandos, etc.

» Las maniobras realizadas dentro del recinto de la obra se efectuaran sin
brusquedades, anunciandolas con antelacion, auxiliandose del personal de obra
si fuera preciso.

» La velocidad de circulacion debe estar en consonancia con la carga
transportada, las condiciones del terreno y la visibilidad.

» Se respetara en todo momento la senalizacién de la obra.

» Conduccién y manejo de la maquinaria unicamente por personal cualificado y
autorizado.

» No se realizaran nunca trabajos de mantenimiento con la maquina funcionando.

» Asegurar la estabilidad y correcto funcionamiento de maquinas y herramientas
antes de iniciar el trabajo.

5.2.2.2. Protecciones individuales

» Proteccioén de la cabeza

- Casco de seguridad homologado obligatorio tanto para el personal de la obra
como para visitantes.

- Gafas homologadas de proteccién contra impactos y antipolvo.

- Mascarillas antipolvo.

- Protectores acusticos homologados y tapones reductores de ruido.

- Pantallas protectoras que cubran frente, cara y cuello, provistas de doble
vidrio de proteccién ocular con marco abatible.

» Proteccion del cuerpo
- Cinturones de seguridad, cuya clase se adaptara a los riesgos especificos de
cada trabajo.
- Calzado de seguridad: antideslizante y con puntera reforzada.
- Botas de agua.
- Monos de trabajo.
- Trajes impermeables.
- Chalecos salvavidas.



- Guantes o manoplas de uso general.
- Guantes de cuero y anticorte.
- Guantes dieléctricos. Chalecos reflectantes.

En la figura 5.1. se observan algunas de las protecciones individuales para
cabeza y cuerpo, como son el caso, las gafas, monos, calzado varios tipos de
guantes.

Figura 5.1. Protecciones individuales para cabeza y cuerpo

» Equipos de buceo
- No exceder el numero de horas de inmersion recomendadas.
- Traje de buceo con manoplas y escarpines.
- Tanques de respiracion autbnomos.
- Cuerda-guia, codigo de senales y sistemas de comunicacién entre e buzo y
los operarios en tierra o barca.

5.2.2.3. Protecciones colectivas

» Movimiento de tierras, transportes y vertidos.

- Avisador acustico y luminoso de marcha atras de las maquinas.

- Senalizacién acustica previa en maniobras bruscas.

- Vallas de contencién en bordes de vaciado.

- Cintas de balizamiento reflectantes para cortar zonas de trabajo.

- Escaleras fijas para el acceso de personal.

- Operaciones con maquinaria dirigidas por una persona capacitada previo
establecimiento de un plan de accién y de un coédigo de sefiales entre
conductores y operario director.

» Construccion del dique
- No autorizada (prohibicion terminante) la presencia de personas en la zona
donde existan cargas suspendidas.
- Sefializacién adecuada del area de trabajo.
- Instalaciéon de redes y vallas de limitacién y proteccion.



» Maquinaria y herramientas
- Toda la maquinaria debe ir provista de extintor contra incendios.
- Todas las herramientas eléctricas deben ir dotadas de doble aislamiento de
seguridad.
- Las herramientas deben revisarse periddicamente con el fin de asegurar las
instrucciones de conservacion del fabricante.

5.2.2.4. Medidas de proteccién general

» Senfalizacién

Los criterios a seguir en la sefalizacién de los distintos tajos y viales es la

siguiente:

1. La sefalizacibn es complementaria de las protecciones personales y
colectivas, por lo que no exime de la utilizacidn y colocacion de los mismos.

2. Las senales deben colocarse de tal forma que deben dejar claramente
avisado el riesgo, de forma que dé tiempo a tomar las precauciones
oportunas.

3. La colocacion de senales requiere una continuada actuacion, de forma que la
sefalizacién debe colocarse o retirarse segun aparezcan o desaparezcan los
riesgos.

» Sefalizacion vial

- Sefiales de STOP en las zonas de salida de vehiculos

- Obligatorio el uso de casco, cinturon de seguridad, gafas o pantalla
protectora, protectores auditivos, botas y guantes

- Riesgo eléctrico, caida de objetos, maquinaria pesada en movimiento, cargas
suspendidas, incendio y explosiones

- Sefiales informativas de localizacién de botiquin y extintores. Cinta de
balizamiento, vallas de desvio de trafico

Algunas de las senalizaciones se muestran en la figura 5.2.

" NORMAS DE USO OBLIGATORIO

PROHIBIDO EL PASO A TODA
PERSONA AJENA A ESTA OBRA

Figura 5.2. Ejemplos de sefializaciones



> Senfalizacion maritima

La sefializacion maritima consistira principalmente en:
- Balizas luminosas intermitentes en puntos de corte de trafico maritimo.
- Boyas flotantes de sefializacion con luz, orinque y muerto.
- Boyas de plastico con cabo muerto con luz.

5.2.2.5. Prevencion de dafos a terceros

Al estar la obra localizada en un medio urbano, no se prevén casi riesgos. No
obstante, resulta aconsejable la realizacion del Proyecto fuera de la temporada estival.
En cualquier caso, la existencia de viviendas y casas en las inmediaciones de la obra y
€n sus accesos, lleva a contemplar lo siguiente:

- Durante el desarrollo de la obra se prevera la instalacion de vallas de contencion de
peatones, ancladas entre si, asi como elementos de balizamiento para desvio del
trafico, sefializandose convenientemente la presencia de la obra de dia y de noche.

- De igual forma se colocaran sefales de peligro, de riesgo por obras, y de
prohibicion de acceso a toda persona ajena a la obra, colocandose ademas los
cerramientos necesarios. Ademas se instalara un Servicio de vigilancia en horas
nocturnas.

5.2.3. Presupuesto

A continuacion se ha realizado un presupuesto de seguridad y salud, en base al
numero de trabajadores que intervendran en la realizacion de la obra y las condiciones
en las que se realiza la misma, apoyandose ademas en otros presupuesto de obras
portuarias similares.

PROTECCION - COSTE
Total Protecciones Individuales 18.563,45 €
Total Protecciones Colectivas 12.589,54 €

Total Protecciones Eléctricas 7.523,20 €
Total Extincidon de Incendios 6.289,50 €
Total Sefalizacion y Balizamiento 875,45 €
Total Mano de Obra Prevencion 15.876,00 €
Total Instalaciones 2.897,25 €
Total Vigilancia de la Salud 541,12 €
Total Formacion y Reuniones 7.012,12 €
Total Varios 15.000,00 €

Tota 87.167,63 €



5.3.PRESUPUESTO

En este apartado se realizara el presupuesto general del proyecto diferenciando las
partes mas importantes de él, utilizando el programa PRESTO.

En los apartados de los que se conocen datos se ha realizado el presupuesto con la
mayor precision posible, para los apartados de los que no se tienen datos ni se
pueden realizar los calculos se ha estimado el precio en base a proyectos de otros
puertos semejantes.

5.3.1. Calculos para la realizaciéon

Movimiento de tierras

En este apartado se calcula la cantidad de suelo a dragar.

Para el calculo de todos los dragados se realizara de la siguiente manera aproximada,
suponiendo el fondo como se expresa en la figura 5.3.

cota mayor a dragar

cota necesaria

Figura 5.3. Esquema método de dragado

El volumen de dragado sera:

5 L - B -Acotas - 0,8 (factor de incertidumbre)

En primer lugar se ha calculado el terreno a dragar en los atragues para las
condiciones expuestas en el apartado "3.1.7. Calados" del capitulo 3.

Para los atraques de 18 y 20 metros se necesita un calado minimo de 3,2 metros.

Hay parte de los atraques con calados menores que habra que dragar, midiendo este
area con Autocad se obtiene un area de 4.400 m? (BxL), como es una altura de 3 m, se
obtiene un volumen de dragado de 5.280 m?.



Para los atraques de 10, 12 y 15 metros se necesitan calados entre 2,5 y 3 metros, en
algunas zonas estos calados son menores, calculando esta zona con Autocad se
obtiene un area de 16.000 m? (BxL) aproximadamente, como es una altura de 3 m, se
obtiene un volumen de dragado de 19.200 m?®.

Para el calado en el canal principal se necesita un calado minimo de 4,5, se obtiene un
area de dragar de 8.450 m? (BxL), siguiendo el método, para una altura de 4,5, se
obtiene un volumen de dragado de 15.210 m?®.

Para el dique, segun se acerca a tierra se va disminuyendo la profundidad, la
batimetria esta realizada en bajamar, luego corresponde al 0 del puerto, segun el
esquema del dique incluido en el capitulo 4 se necesita una profundidad de 9 a 8
metros.

Hay unos 228m de dique principal en los que la batimetria va oscilando entre 8 y 10
metros luego no se necesitara dragado en esa zona.

El resto del dique va mas o menos perpendicular a las lineas batimétricas desde 10
hasta 1 metros. Tiene una longitud de 335m y la base se supone el largo del dique que
se mide en la seccion realizada en Autocad incluida en el capitulo 3, se obtiene una
anchura de 60 metros. Siguiendo la metodologia anterior se supone un prisma
triangular, se obtiene para una altura de 10 metros, y una base de 335x60 un volumen
de dragado para el dique de 80.400 m®.

El contradigue no se han realizado calculos, pero se estima una profundidad de 7m
por ser menor que el dique principal. La anchura del contradique viene determinada
por la parte ya construida, con la herramienta Google Earth se pueden estimar unos 30
metros. Fijandose en la batimetria no seran necesarias operaciones de dragado por
aprovechar parte del ya construido y estar la parte necesaria de construccion en zonas
de calado mayores de 7m.

Sumando todos los dragados calculados se obtiene un volumen de dragado de
120.090 m>.

Dique
El dique tiene una longitud de 563 metros de forma curva.

Para el numero de blogues es necesario realizar una serie de calculos:

A1: Area del manto principal. (medida con Autocad en la seccién) = 153 m?

A2: Area de la cara de un bloque =2 m

0,8: Factor a aplicar que tiene en cuenta los huecos entre piezas.
Realizando la siguiente operacion se obtiene el numero de bloques por metro lineal,
que habra que multiplicar por la longitud del dique (563m) para obtener el total.




Al 153
n? bloques = 0,8 1 L=108- - 563 = 34.456 bloques

Para la cantidad de escollera del primer manto secundario realizado en escollera de
1,5 a 4 toneladas, se realiza un calculo similar al anterior, en el programa Presto lo
pide en m®, luego al niumero de piezas se le calculara su volumen como el volumen de
1 esfera 4/3-mr°..

_ Al 99 4 ,
nepiezas = 0,8+~ L =08 7563 = 44.000p X 7 0,506 = 23.877,7m

Para la cantidad de escollera del sequndo manto secundario se realiza la misma
operacion, en este caso el material es escollera entre 100 y 400 kg, el programa lo
pide en m?, luego al nimero de piezas se le calculara su volumen como el volumen de
1 esfera 4/3-mr°.

opi =0,8 Al L=08 >0 563 = 50.000 X4 0,225% = 2.385,65 m3
neplezas = 08----L =0, 045 =50.000p X 7-m-0, = 2. ,65m

Para el calculo del nucleo simplemente se multiplicara el area obtenido en Autocad por
la longitud del dique:

Volumen Ntcleo = A- L = 330 - 563 = 185.790 m3

Para el espalddn se calcula el area del prisma del espaldon multiplicado por la
longitud, realizando solo el calculo del hormigon.

Volumen Espaldén = A-L = 12,2 -563 = 6.869 m3

Pantalanes
Para el presupuesto de los pantalanes hay que realizar varios célculos:

El numero de pilotes depende de la eslora del barco que atraque, de esta forma se
tiene:
- Atraques de 6, 8, 10 y 12 metros de eslora: cada 20 metros.
La longitud de cada pantalan de 6 y 8 metros es de 70 metros, luego seran
necesarios 3 pilotes por pantalan, por 8 pantalanes, se necesitan 24 pilotes.
La longitud del pantalan de los atraques de 10 metros es de 78 metros, luego se
colocaran 4 por pantalan, por 4 pantalanes, se necesitan 16 pilotes.
La longitud de 12 metros de 62, luego se colocaran 3 pilotes por pantalan, hay 3
pantalanes, luego se necesitaran 9 pilotes.




- Los atraques de 15, 18 y 20 metros de eslora estan dispuestos de distinta manera,
se acorta la distancia entre pilotes a 15 metros.
La longitud del pantalan del atraque de 15 metros es de 185 metros, luego se
colocaran 12 pilotes.
Los atraques de 18 y 20 son iguales, ambos miden 118 metros de longitud, se
colocaran 7 pilotes en cada uno, luego 14 pilotes.

En total se necesitan 75 pilotes

Las cornamusas para el amarre de los barcos se dispondran 3 por atraque, como se
tienen 468 atraques, se precisan 1404 cornamusas.

Las pasarelas se disponen de la siguiente manera:

- Atraques de 6 y 8 metros: 1 por cada pantalan, luego 8 pasarelas.

Atraques de 10 metros: 1 por cada pantalan, luego 4 pasarelas.

Atraques de 12 metros: 1 por cada pantalan, luego 3 pasarelas.

Atraques de 15 metros: 3 por cada pantalan por ser uno solo, luego 3 pasarelas.
Atraques de 18 y 20 metros: 2 por cada pantalan, luego 4 pasarelas.

En total se necesitan 22 pasarelas.

Los pantalanes, los tiene el presto en piezas de 10m, la suma de los pantalanes es de
1490 metros, entre 10, se necesitaran 149 piezas de pantalan.

Para el célculo de los fingers se contaran de la planta de Autocad los fingers
necesarios para cada una de las diferentes esloras:

Fingers de 6 metros: 54

Fingers de 8 metros: 70

Fingers de 10 metros: 64

Fingers de 12 metros: 36

Fingers de 15 metros: 15

Fingers de 18 metros: 12

Fingers de 20 metros: 12

Urbanizacién, iluminacién y balizamiento

Para la parte de urbanizacién, iluminacion y balizamiento, al no disponer de datos, se
estimara un precio en base a otras obras similares.

Se estima un presupuesto de 5.000.000 euros.

A continuacién se adjuntan las mediciones por capitulos, el cuadro de precios n°1,
cuadro de precios n°2, el presupuesto por capitulos y el resumen del
presupuesto obtenidos mediante el programa Presto.



PRESUPUESTO Y MEDICIONES

CODIGO RESUMEN UDS LONGITUD ANCHURA ALTURA  CANTIDAD
CP1 MOVIMIENTO DE TIERRAS
11 M3 DRAGADO GENERAL DEL FONDO MARINO
Dragado general de fondo marino,en zona de algas y bo-
los, con draga de rosario de 300 | y carga del material sobre gan-
guil.
120.090,00
12, M3 TRANSPORTE MATERIAL A VERTEDERO CON GANGUIL
Transporte de material de dragado a vertedero maritimo
con ganguil autopropulsado de 150 m3.
120.090,00
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PRESUPUESTO Y MEDICIONES

cODIGO RESUMEN UDS LONGITUD ANCHURA ALTURA  CANTIDAD
CP2 DIQUE
2.1. BLOQUES
211 UD COLOCACION BLOQUES
Colocacion de bloques de 5 t con retroexcavadora grande
con garra prensora en posicion delimitada en planos, incluso com-
probacion con submarinista.
34.456,00
212, UD BLOQUE DE HORMIGON PARA MANTO PRINCIPAL
Bloque de hormigén HM-30/B/40/1+Qc para manto principal
de dimensiones 3x3x3 m? totalmente terminado, incluso encofrado
y desencofrado y colocado en zona de acopio
34.456,00
2.2. ESPALDON
221 M3 HA-25/B/20/IIA
Fabricacion en planta y puesta en obra del hormigon
HA-25/B/20/llla, vibrado, curado y colocado.
6.869,00
2.3. NUCLEO
23.1. M3 TODO UNO DE CANTERA EN NUCLEO DE DIQUE Y CONTRADIQUE
Colocacion de relleno todo uno seleccionado en los nucle-
os del dique y el contradique
185.790,00
24. ESCOLLERA
241 M3  Escollera 100 a 400 kg
Escollera natural de entre 100 y 400 Kg de peso.
2.385,65
24.2. m3 Escollera de peso 2t
Metro cubico de escollera clasificada de cantera, de 2 t de peso, co-
locada con medios terrestres, gria o retroexcavadora, medida se-
gun secciones tipo, de acuerdo con el pliego de prescripciones téc-
nicas, incluido suministro y medios auxiliares de extraccion, trans-
porte, vertido y reperfilado.
23.877,70
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PRESUPUESTO Y MEDICIONES

copIGO RESUMEN UDS LONGITUD ANCHURA ALTURA  CANTIDAD
CP3 PANTALANES
3.1 UD PILOTES SOLDADOS HELICOIDALES

Pilote soldado helicoidalmente para formacion de pi-
lotes de 19 m de longitud, pintado con una capa de imprimacion de
una resina epoxy poliamida de 50 micras tipo "sigmarite sealer" o
similar y otra capa de 350 micras de una epoxy poliamida pigmenta-
da con escamas de fibra de vidrio y libre de breas en color negro,
previo granallado de superficie, incluso parte proporcional de em-
palme mediante soldadura.Incluye hinca de pilote en terreno natu-
ral formado por rocas, garantizando un empotramiento minimo de
10 metros en terrenos sueltos

75,00
3.2. UD CORNAMUSAS

Suministro y colocacion de Cornamusa de fundicion
de aluminio incluso parte proporcional de anclajes y tornilleria.

1.404,00
3.3 UD PASARELA

Pasarela de acceso a pantalan, prefabricada con estructu-
ra de aluminio y pavimento de madera tropical de 6 m de longitud y
1,1 m de ancho, con barandilla de aluminio de 100 cm de altura, co-
locada

22,00
34, UD PANTALAN DE 10X2 M2
Pantalan flotante prefabricado de aluminio, pavimento de
madera tropical y flotadores de poliestireno expandido y hormigon
polimérico, de 2 m de anchura y 10 m de longitud con conectores

149,00
3.5. UD FINGER DE 6M

Finger de 6,00 x 0,50 m2. formado por piso de plastico re-
ciclado en tablon de 200x70 en tono roble, estructura de aluminio,
pintado con una epoxi poliamida con escamas de fibra de vidrio y li-
bre de breas en color negro y flotadores de poliester reforzado con
fibra de vidrio, rellenos de poliestireno, completamente colocado.

54,00
3.6. UD FINGER DE 8M

Finger de 8,00 x 0,60 m2. formado por piso de plastico reci-
clado en tablén de 200x70 en tono roble, estructura de aluminio,
pintado con una epoxi poliamida con escamas de fibra de vidrio y li-
bre de breas en color negro y flotadores de poliester reforzado con
fibra de vidrio, rellenos de poliestireno, completamente colocado.

70,00
3.7. FINGER DE 10M

64,00
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PRESUPUESTO Y MEDICIONES

cODIGO

RESUMEN UDS LONGITUD ANCHURA ALTURA

CANTIDAD

3.8.

3.9.

3.10.

3.11.

UD FINGER DE 12M

Finger de 12,00 x 1,00 m2. formado por piso de plastico reciclado
en tablon de 200x70 en tono roble, estructura de aluminio, pintado
con una epoxi poliamida con escamas de fibra de vidrio y libre de
breas en color negro y flotadores de poliester reforzado con fibra
de vidrio, rellenos de poliestireno, completamente colocado.

FINGER DE 15M

36,00

UD FINGER DE 18M

Finger de 18,00 x 1,50 m2. formado por piso de plastico reciclado
en tablén de 200x70 en tono roble, estructura de aluminio, pintado
con una epoxi poliamida con escamas de fibra de vidrio y libre de
breas en color negro y flotadores de poliester reforzado con fibra
de vidrio, rellenos de poliestireno, completamente colocado.

15,00

FINGER DE 20M

12,00

12,00

28 junio 2014



CUADRO DE PRECIOS 1

N°  CODIGO UD. RESUMEN PRECIO EN LETRA IMPORTE
0001 1.1, M3 . 5,33
Dragado general de fondo marino,en
zona de algas y bolos, con draga de rosario de
300 | y carga del material sobre ganguil.
CINCO EUROS con TREINTA Y TRES CENTIMOS
0002 12 M3 Transporte de material de dragado a 4,55
vertedero maritimo con ganguil autopropulsa-
do de 150 m3.
CUATRO EUROS con CINCUENTA Y CINCO CENTIMOS
0003 2.1.1. ub Colocacion de bloques de 5 t con retro- 46,98
excavadora grande con garra prensora en posi-
cion delimitada en planos, incluso comproba-
cién con submarinista.
CUARENTA'Y SEIS EUROS con NOVENTA'Y OCHO
CENTIMOS
0004 2.1.2. ub Bloque de hormigdén HM-30/B/40/1+Qc 182,79
para manto principal de dimensiones 3x3x3 m?
totalmente terminado, incluso encofrado y de-
sencofrado y colocado en zona de acopio
CIENTO OCHENTA'Y DOS EUROS con SETENTA'Y
NUEVE CENTIMOS
0005 2.2.1 M3 Fabricacion en planta y puesta en obra 7993
del hormigéon HA-25/B/20/llla, vibrado, curado
y colocado.
SETENTA'Y NUEVE EUROS con NOVENTA Y TRES
CENTIMOS
0006 23.1. M3 Colocacion de relleno todo uno selec- 24,00
cionado en los nucleos del dique y el contradi-
que
VEINTICUATRO EUROS
0007 3.1 ub Pilote soldado helicoidalmente 186,92

para formacion de pilotes de 19 m de longitud,
pintado con una capa de imprimacién de una
resina epoxy poliamida de 50 micras tipo "sig-
marite sealer" o similar y otra capa de 350 mi-
cras de una epoxy poliamida pigmentada con
escamas de fibra de vidrio y libre de breas en
color negro, previo granallado de superficie, in-
cluso parte proporcional de empalme mediante
soldadura.Incluye hinca de pilote en terreno na-
tural formado por rocas, garantizando un empo-
tramiento minimo de 10 metros en terrenos
sueltos
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CUADRO DE PRECIOS 1

N°  CODIGO UD. RESUMEN PRECIO EN LETRA IMPORTE
CIENTO OCHENTA'Y SEIS EUROS con NOVENTA Y DOS
CENTIMOS
0008  3.10. UD  Finger de 18,00 x 1,50 m2. formado por piso 1.068,38
de plastico reciclado en tablon de 200x70 en
tono roble, estructura de aluminio, pintado con
una epoxi poliamida con escamas de fibra de
vidrio y libre de breas en color negro y flotado-
res de poliester reforzado con fibra de vidrio,
rellenos de poliestireno, completamente coloca-
do.
MIL SESENTA Y OCHO EUROS con TREINTA'Y OCHO
CENTIMOS
0009 3.11. 1.316,23
MIL TRESCIENTOS DIECISEIS EUROS con VEINTITRES
CENTIMOS
0010 3.2 ub Suministro y colocacién de Cor- 32,37
namusa de fundicién de aluminio incluso parte
proporcional de anclajes y tornilleria.
TREINTA'Y DOS EUROS con TREINTA'Y SIETE
CENTIMOS
0011 33. ub Pasarela de acceso a pantalan, prefa- 372,64
bricada con estructura de aluminio y pavimen-
to de madera tropical de 6 m de longitud y 1,1
m de ancho, con barandilla de aluminio de 100
cm de altura, colocada
TRESCIENTOS SETENTA Y DOS EUROS con SESENTA'Y
CUATRO CENTIMOS
0012 34. ub Pantalan flotante prefabricado de alu- 554,12
minio, pavimento de madera tropical y flotado-
res de poliestireno expandido y hormigén poli-
mérico, de 2 m de anchura y 10 m de longitud
con conectores
QUINIENTOS CINCUENTA'Y CUATRO EUROS con DOCE
CENTIMOS
0013 35 ub Finger de 6,00 x 0,50 m2. formado por 692,54

piso de plastico reciclado en tablon de 200x70
en tono roble, estructura de aluminio, pintado
con una epoxi poliamida con escamas de fibra
de vidrio y libre de breas en color negro y flota-
dores de poliester reforzado con fibra de vidrio,
rellenos de poliestireno, completamente coloca-
do.

SEISCIENTOS NOVENTA'Y DOS EUROS con
CINCUENTA Y CUATRO CENTIMOS
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CUADRO DE PRECIOS 1

N°  CODIGO UD. RESUMEN PRECIO EN LETRA IMPORTE
0014 36. ub Finger de 8,00 x 0,60 m2. formado por 1.316,23
piso de plastico reciclado en tablén de 200x70
en tono roble, estructura de aluminio, pintado
con una epoxi poliamida con escamas de fibra
de vidrio y libre de breas en color negro y flota-
dores de poliester reforzado con fibra de vidrio,
rellenos de poliestireno, completamente coloca-
do.
MIL TRESCIENTOS DIECISEIS EURQOS con VEINTITRES
CENTIMOS
0015 3.7. 1.316,23
MIL TRESCIENTOS DIECISEIS EUROS con VEINTITRES
CENTIMOS
0016 3.8. UD  Finger de 12,00 x 1,00 m2. formado por piso 893,38
de plastico reciclado en tablon de 200x70 en
tono roble, estructura de aluminio, pintado con
una epoxi poliamida con escamas de fibra de
vidrio y libre de breas en color negro y flotado-
res de poliester reforzado con fibra de vidrio,
rellenos de poliestireno, completamente coloca-
do.
OCHOCIENTOS NOVENTA'Y TRES EUROS con TREINTA
Y OCHO CENTIMOS
0017 39 1.316,23
MIL TRESCIENTOS DIECISEIS EUROS con VEINTITRES
CENTIMOS
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CUADRO DE PRECIOS 2

N°  CODIGO UD. RESUMEN IMPORTE
0001 1.1, M3 .
Dragado general de fondo marino,en
zona de algas y bolos, con draga de rosario de
300 | y carga del material sobre ganguil.
Maquinaria 4,94
Resto de obra y materiales 0,39
TOTAL PARTIDA ...cooovccmrrivrnsssesssssssssssssssness 5,33
0002 1.2 M3 Transporte de material de dragado a
vertedero maritimo con ganguil autopropulsa-
do de 150 m3.
Maquinaria 4,21
Resto de obra y materiales 0,34
TOTAL PARTIDA 4,55
0003 2.1.1. ub Colocacion de bloques de 5 t con retro-
excavadora grande con garra prensora en posi-
cion delimitada en planos, incluso comproba-
cién con submarinista.
Mano de obra.... 33,86
Magquinaria........ 9,64
Resto de obra y materiales 3,48
TOTAL PARTIDA ...oooevcversvvesssssesssssesssssonss 46,98
0004 2.12. ub Blogue de hormigén HM-30/B/40/1+Qc
para manto principal de dimensiones 3x3x3 m?
totalmente terminado, incluso encofrado y de-
sencofrado y colocado en zona de acopio
Mano de obra.... 6,52
Magquinaria 31,66
Resto de obra y materiales 144,61
TOTAL PARTIDA ....oooeccmrrvvnnsssisnssssissssssissesns 182,79
0005 221 M3 Fabricacion en planta y puesta en obra
del hormigén HA-25/B/20/llla, vibrado, curado
y colocado.
Mano de obra.... 8,43
Magquinaria........ 4,93
Resto de obra y materiales........c..ccccoevvn 66,57
TOTAL PARTIDA ...oooevcversvvesssssesssssesssssonss 79,93
0006 23.1. M3 Colocacion de relleno todo uno selec-
cionado en los nucleos del dique y el contradi-
que
Mano de obra.... 481
Magquinaria .... 14,20
Resto de obra 'y materiales..........cocvvvvvrevrerininns 4,99
TOTAL PARTIDA ...ooocccorrivrnsssisnssssissssssissssne 24,00
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CUADRO DE PRECIOS 2

N°  CODIGO UD. RESUMEN IMPORTE
0007 3.1 ub Pilote soldado helicoidalmente
para formacion de pilotes de 19 m de longitud,
pintado con una capa de imprimacién de una
resina epoxy poliamida de 50 micras tipo "sig-
marite sealer" o similar y otra capa de 350 mi-
cras de una epoxy poliamida pigmentada con
escamas de fibra de vidrio y libre de breas en
color negro, previo granallado de superficie, in-
cluso parte proporcional de empalme mediante
soldadura.Incluye hinca de pilote en terreno na-
tural formado por rocas, garantizando un empo-
tramiento minimo de 10 metros en terrenos
sueltos
Mano de obra.... 4,46
Magquinaria......... 5,28
Resto de obra y materiales... 177,18
TOTAL PARTIDA......... 186,92
0008 3.10. UD  Finger de 18,00 x 1,50 m2. formado por piso
de plastico reciclado en tablon de 200x70 en
tono roble, estructura de aluminio, pintado con
una epoxi poliamida con escamas de fibra de
vidrio y libre de breas en color negro y flotado-
res de poliester reforzado con fibra de vidrio,
rellenos de poliestireno, completamente coloca-
do.
Mano de obra.... 10,46
Magquinaria..... 3,78
Resto de obra y materiales 1.054,14
TOTAL PARTIDA ....ooocvcvmssrvvessssesssssesssssens 1.068,38
0009 3.11.
Mano de obra.... 15,63
Magquinaria 3,78
Resto de obra 'y materiales..........covevevveneeneenes 1.296,82
TOTAL PARTIDA ....oooevcrmrsivrnssissnsssssssssssess 1.316,23
0010 3.2 ub Suministro y colocacién de Cor-
namusa de fundicién de aluminio incluso parte
proporcional de anclajes y tornilleria.
Man0 d€ OBra........ccuvuriiiieeireeeese e 2,23
Resto de obra y materiales... 30,14
TOTAL PARTIDA ..ococccmrrivnnsssisnssssissssssssssse 32,37
0011 33. ub Pasarela de acceso a pantalan, prefa-
bricada con estructura de aluminio y pavimen-
to de madera tropical de 6 m de longitud y 1,1
m de ancho, con barandilla de aluminio de 100
cm de altura, colocada
Mano de obra.... 228,03
Magquinaria........ 113,88
Resto de obra y materiales 30,73
TOTAL PARTIDA ....ooooccomsevvonssssosssssonssssonsns 372,64
28 junio 2014 2



CUADRO DE PRECIOS 2

N°  CODIGO UD. RESUMEN IMPORTE
0012 34 ub Pantalan flotante prefabricado de alu-
minio, pavimento de madera tropical y flotado-
res de poliestireno expandido y hormigén poli-
mérico, de 2 m de anchura y 10 m de longitud
con conectores
Mano de obra........ 1,07
Magquinaria......... 3,78
Resto de obra y materiales 549,27
TOTAL PARTIDA ....oooecccrrvvnnssissssssssssssssssesns 554,12
0013 35. ub Finger de 6,00 x 0,50 m2. formado por
piso de plastico reciclado en tablon de 200x70
en tono roble, estructura de aluminio, pintado
con una epoxi poliamida con escamas de fibra
de vidrio y libre de breas en color negro y flota-
dores de poliester reforzado con fibra de vidrio,
rellenos de poliestireno, completamente coloca-
do.
Mano de Obra........ccccveeeieeeeee e 10,46
Magquinaria 3,78
Resto de obra y materiales 678,30
TOTAL PARTIDA ....ooooccomsevvonssssosssssonssssonsns 692,54
0014 36. ub Finger de 8,00 x 0,60 m2. formado por
piso de plastico reciclado en tablén de 200x70
en tono roble, estructura de aluminio, pintado
con una epoxi poliamida con escamas de fibra
de vidrio y libre de breas en color negro y flota-
dores de poliester reforzado con fibra de vidrio,
rellenos de poliestireno, completamente coloca-
do.
Mano de obra.... 15,63
Magquinaria......... 3,78
Resto de obra y materiales 1.296,82
TOTAL PARTIDA ....oooevcrmrsivrnssissnsssssssssssess 1.316,23
0015 3.7.
Mano de obra.... 15,63
Maquinaria......... 3,78
Resto de obra y materiales 1.296,82
TOTAL PARTIDA ....ooocvcvmssrvvessssesssssessssens 1.316,23
0016 3.8. UD  Finger de 12,00 x 1,00 m2. formado por piso
de plastico reciclado en tablon de 200x70 en
tono roble, estructura de aluminio, pintado con
una epoxi poliamida con escamas de fibra de
vidrio y libre de breas en color negro y flotado-
res de poliester reforzado con fibra de vidrio,
rellenos de poliestireno, completamente coloca-
do.
Mano de obra........ 10,46
Magquinaria......... 3,78
Resto de obra y materiales 879,14
TOTAL PARTIDA ....oooeccmrrvvnnsssisnssssissssssissesns 893,38
0017 39
Mano de obra........ 15,63
Magquinaria......... 3,78
Resto de obra y materiales 1.296,82
TOTAL PARTIDA ....ooocvcvmssrvvessssesssssesssssens 1.316,23
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PRESUPUESTO

CODIGO RESUMEN CANTIDAD PRECIO IMPORTE
CP1 MOVIMIENTO DE TIERRAS
11 M3 DRAGADO GENERAL DEL FONDO MARINO 120090,00 533 640.079,70
Dragado general de fondo marino,en zona de algas y bo-
los, con draga de rosario de 300 | y carga del material sobre gan-
guil.
12, M3 TRANSPORTE MATERIAL A VERTEDERO CON GANGUIL 120090,00 455 546.409,50
Transporte de material de dragado a vertedero maritimo
con ganguil autopropulsado de 150 m3.
TOTAL CPL..c et bbb e 1.186.489,20
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PRESUPUESTO

cODIGO RESUMEN CANTIDAD PRECIO IMPORTE
CP2 DIQUE
2.1. BLOQUES
211 UD COLOCACION BLOQUES 34456,00 4698  1.618.742,88
Colocacion de bloques de 5 t con retroexcavadora grande
con garra prensora en posicion delimitada en planos, incluso com-
probacion con submarinista.
212 UD BLOQUE DE HORMIGON PARA MANTO PRINCIPAL 34456,00 18279  6.298.212,24
Bloque de hormigén HM-30/B/40/1+Qc para manto principal
de dimensiones 3x3x3 m? totalmente terminado, incluso encofrado
y desencofrado y colocado en zona de acopio
TOTAL 2.1ttt 7.916.955,12
2.2. ESPALDON
221 M3 HA-25/B/20/1IIA 6869,00 79,93 549.039,17
Fabricacion en planta y puesta en obra del hormigon
HA-25/B/20/llla, vibrado, curado y colocado.
TOTAL 2.2, oot 549.039,17
2.3. NUCLEO
23.1. M3 TODO UNO DE CANTERA EN NUCLEO DE DIQUE Y CONTRADIQUE 185790,00 2400  4.458.960,00
Colocacion de relleno todo uno seleccionado en los nucle-
os del dique y el contradique
TOTAL 2.3. e 4.458.960,00
24. ESCOLLERA
24.1 M3 Escollera 100 a 400 kg 2385,65 24,12 57.541,88
Escollera natural de entre 100 y 400 Kg de peso.
24.2. m3 Escollera de peso 2t 23871,70 167,85 4.007.871,95
Metro cubico de escollera clasificada de cantera, de 2 t de peso, co-
locada con medios terrestres, gria o retroexcavadora, medida se-
gun secciones tipo, de acuerdo con el pliego de prescripciones téc-
nicas, incluido suministro y medios auxiliares de extraccion, trans-
porte, vertido y reperfilado.
TOTAL 2.4ttt 4.065.413,83
TOTAL CP2.....o ittt bbb bbbt 16.990.368,12
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PRESUPUESTO

cODIGO

RESUMEN

CANTIDAD

PRECIO

IMPORTE

CP3
3.1

3.2.

3.3.

34.

3.5.

3.6.

3.7.

3.8.

PANTALANES
UD PILOTES SOLDADOS HELICOIDALES

Pilote soldado helicoidalmente para formacion de pi-
lotes de 19 m de longitud, pintado con una capa de imprimacion de
una resina epoxy poliamida de 50 micras tipo "sigmarite sealer" o
similar y otra capa de 350 micras de una epoxy poliamida pigmenta-
da con escamas de fibra de vidrio y libre de breas en color negro,
previo granallado de superficie, incluso parte proporcional de em-
palme mediante soldadura.Incluye hinca de pilote en terreno natu-
ral formado por rocas, garantizando un empotramiento minimo de
10 metros en terrenos sueltos

UD CORNAMUSAS
Suministro y colocaciéon de Cornamusa de fundicion
de aluminio incluso parte proporcional de anclajes y tornilleria.

UD PASARELA

Pasarela de acceso a pantalan, prefabricada con estructu-
ra de aluminio y pavimento de madera tropical de 6 m de longitud y
1,1 m de ancho, con barandilla de aluminio de 100 cm de altura, co-
locada

UD PANTALAN DE 10X2 M2

Pantalan flotante prefabricado de aluminio, pavimento de
madera tropical y flotadores de poliestireno expandido y hormigén
polimérico, de 2 m de anchura y 10 m de longitud con conectores

UD FINGER DE 6M

Finger de 6,00 x 0,50 m2. formado por piso de plastico re-
ciclado en tablon de 200x70 en tono roble, estructura de aluminio,
pintado con una epoxi poliamida con escamas de fibra de vidrio y li-
bre de breas en color negro y flotadores de poliester reforzado con
fibra de vidrio, rellenos de poliestireno, completamente colocado.

UD FINGER DE 8M

Finger de 8,00 x 0,60 m2. formado por piso de plastico reci-
clado en tablén de 200x70 en tono roble, estructura de aluminio,
pintado con una epoxi poliamida con escamas de fibra de vidrio y li-
bre de breas en color negro y flotadores de poliester reforzado con
fibra de vidrio, rellenos de poliestireno, completamente colocado.

FINGER DE 10M

UD FINGER DE 12M

Finger de 12,00 x 1,00 m2. formado por piso de plastico reciclado
en tablén de 200x70 en tono roble, estructura de aluminio, pintado
con una epoxi poliamida con escamas de fibra de vidrio y libre de
breas en color negro y flotadores de poliester reforzado con fibra
de vidrio, rellenos de poliestireno, completamente colocado.

75,00

1404,00

22,00

149,00

54,00

70,00

64,00

36,00

186,92

32,37

372,64

554,12

692,54

1.316,23

1.316,23

893,38

14.019,00

45.447,48

8.198,08

82.563,88

37.397,16

92.136,10

84.238,72

32.161,68
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PRESUPUESTO

CODIGO RESUMEN CANTIDAD PRECIO IMPORTE
39. FINGER DE 15M 15,00 1.316,23 19.743,45
3.10. UD FINGER DE 18M 12,00 1.068,38 12.820,56
Finger de 18,00 x 1,50 m2. formado por piso de plastico reciclado
en tablon de 200x70 en tono roble, estructura de aluminio, pintado
con una epoxi poliamida con escamas de fibra de vidrio y libre de
breas en color negro y flotadores de poliester reforzado con fibra
de vidrio, rellenos de poliestireno, completamente colocado.
311 FINGER DE 20M 12,00 1.316,23 15.794,76
TOTAL CP3....cei sttt bbb 444.520,87
4
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PRESUPUESTO

copIGO RESUMEN CANTIDAD PRECIO IMPORTE
CP4 URBANIZACION, ILUMINACION Y BALIZAMIENTO
TOTAL CPA.....oiii bbb et 5.000.000,00
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PRESUPUESTO

cODIGO RESUMEN CANTIDAD PRECIO IMPORTE
SS SEGURIDAD Y SALUD

TOTAL SS o s 87.167,63

TOTAL o 23.708.545,82
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RESUMEN DE PRESUPUESTO

CAPITULO RESUMEN IMPORTE %
CcP1 MOVIMIENTO DE TIERRAS ... 1.186.489,20 5,00
CcP2 DIQUE .55 16.990.368,12 71,66
CP3 PANTALANES .55 555555555555 44452087 1,87
CP4 URBANIZACION, ILUMINACION Y BALIZAMIENTO ..o 5.000.000,00 21,09
sS SEGURIDAD Y SALUD ..ot 87.167,63 0,37

PRESUPUESTO DE EJECUCION MATERIAL 23.708.545,82

10% IVA oo 2.370.854,58

PRESUPUESTO BASE DE LICITACION 26.079.400,40

Asciende el presupuesto a la expresada cantidad de VEINTISEIS MILLONES SETENTA Y NUEVE MIL CUATROCIENTOS

EUROS con CUARENTA CENTIMOS

, 30 de junio 2014.

28 junio 2014
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clear all
close all
clc

%%

load laredo.dat
%%Lectura del archivo laredo.dat
years = laredo(:,1);
mes = laredo(:,2);
dia = laredo(:,3);
hora = laredo(:,4);
Hs = laredo(:,5);
Tp = laredo(:,6);
Dir = laredo(:,7);
MA = laredo(:,8);
MM = laredo(:,9);

N1 =MA + MM;

%% Correccion de la marea para que tenga un punto de ref erencia de 0

N2 = N1 - min(N1);
MinN1 = min(N1)

plot (N2)
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%% Profundidad del agua corregida
hB =7 + N2;

hC=1 0+ N2

%% Consideraciones

AuxDir=Dir;
H =Hs;

s = find((AuxDir>=85) & (AuxDir<=280));

H(s)=NaN;

%% Parametros Aguas Profundas
LO =1.5613 * (Tp."2);

CO0=L0./Tp;
Cg0=C0./2;

%% Parametros en el punto C

LC = LO .* (tanh (((((2*pi./Tp).A2).*hC)./8).A(3

1 4))).72/3);

NC = 0.5 .* (1 + (2.*((2*pi)./LC).*hC)./(sinh((2.*(2*pi./LC).*hC)))):

CC=LC ./ Tp;

CgC =CC.*nC;

DirCRad = asin(sin(((2*pi)/360).*AuxDir).*CC./C0);

DirC = ((360/(2*pi)).*DirCRad);
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% Parametros en el punto B

LB = L0 .* (tanh (((((2*pi./Tp).~2).*hB)./8).A(3/4))).~(2/3);

NB = 0.5 .* (1 + (2.%((2*pi)./LB).*hB)./(sinh((2.*(2*pi./LB).*hB))));

CB=LB ./ Tp;
CgB =CB .* nB;
DirBRad = asin(sin(((2*pi)/360).*AuxDir).*CB./C0);

DirB = ((360/(2*pi)).*DirBRad);

%% Corregir angulos para que sean positivos

for i=1:length(DirB)
i
if DirB(i)<0
DirB(i)=360+DirB(i);
end

end

for i=1:length(DirC)
i
if DirC(i)<0
DirC(i)=360+DirC(i);
end

end

%% Coeficientes refraccion y asomeramiento
KsC = sqrt (Cg0 ./ CgC);

Ks B =sqrt (Cg0 ./ CgB);
KrC = sqrt (cos(((2*pi)/360).*AuxDir) ./ cos(((2*pi)/360).*DirC));
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KrB = sqrt (cos(((2*pi)/360).*AuxDir) ./ cos(((2*pi)/360).*DirB));

%% Coeficiente difraccion

RL =[14,16,18,20,25,30,35,40,50];
A ng=[10:10:170];
%lIntroduzco los datos
RLi=3510./LC;
An  gi=DirC;
%Limito los RL a las tablas con maximos = 50;
n=find(RLi>50);
RL i(n)=50;
%Cambio los angulos a la nueva referencia
for (i=1:length(Angi))
i
if (Angi(i)>0 && Angi(i)<85)
Angi(i)=90-Angi(i);
else if (Angi(i)>280 && Angi(i)<360)
Angi(i)=360-(Angi(i))+90;
end
end
end
%Hago el programa
CoefKD =[0.997,1.003,1.007,0.986,0.980,1.032,0.940, 0.906,1.071,0.516,0.237,0.143,0.105,0.087,0.076,0.070,0.067;
0.997,1.004,1.008,0.987,0.987,0.976,1.005,0.918,1.101,0.515,0.225,0.134,0.099,0.081,0.071,0.066,0.063;
0.997,0.992,0.988,0.987,1.024,1.018,1.053,0.975,1.123,0.514,0.215,0.127,0.093,0.076,0.067,0.062,0.059;
0.998,1.004,1.002,0.988,1.003,0.990,0.986,1.038,1.140,0.513,0.206,0.120,0.088,0.073,0.064,0.059,0.056;
0.998,0.999,1.009,1.011,0.980,0.970,1.045,1.055,1.154,0.512,0.188,0.108,0.079,0.065,0.057,0.053,0.050;
0.998,0.995,0.994,0.990,0.990,0.983,0.974,0.939,1.137,0.511,0.174,0.099,0.072,0.059,0.052,0.048,0.046;
0.998,0.995,0.995,1.009,1.013,1.010,0.986,0.993,1.094,0.510,0.162,0.092,0.067,0.055,0.048,0.044,0.042;
0.998,0.998,1.008,0.992,1.014,1.024,1.036,1.059,1.037,0.509,0.153,0.086,0.062,0.051,0.045,0.042,0.040;
0.998,1.004,0.993,0.993,0.985,0.991,0.987,0.966,0.926,0.508,0.138,0.077,0.056,0.046,0.040,0.037,0.036]
[Anga,RLa] = meshgrid(Ang,RL)

KDi=griddata(Anga,RLa,CoefkD,Angi,RLi, 'nearest’ )
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%% Altura de ola
HC =H .* KrC .* KsC;

HB = HC .* KrB .* KsB .* KDi;

%% Limitar angulos
AuxDir(s)=NaN;
D i rC(s)=NaN;
DirB(s)=NaN;
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%% AGITACION ALTERNATIVA 1
%% Previamente se han cargado los vectores guardados previamente

%% Agitacion Auxiliar 1

%Introduzco los datos
RL1=[0.4,0.5,0.6,0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5 , 5,6,7,8,9,10,12,14,16,18,20,25];

R1LB=92./LBAux;
Angi=DirBAux;

%Limito los RL a las tablas con maximos = 50;
n=find(R1LB>50);
R1 LB(n)=50;

%Cambio los angulos a la nueva referencia
for (i=1:length(Angi))
i
if (Angi(i)>0 && Angi(i)<85)
Angi(i)=90+Angi(i);
else if (Angi(i)>280 && Angi(i)<360)
Angi(i)=90-(360-(Angi(i)));
end
end
end

%H4dlo el coeficiente auxiliar 1
CoefKD1=[0.902,0.808,0.722,0.645,0.579,0.522,0.474,0. 434,0.401,0.374,0.352,0.334,0.32,0.309,0.301,0.295,0.292;
0.895,0.793,0.698,0.614,0.542,0.482,0.433,0.393,0.36,0.333,0.312,0.295,0.282,0.272,0.264,0.259,0.256;
0.892,0.782,0.68,0.59,0.514,0.452,0.402,0.361,0.329,0.304,0.283,0.267,0.255,0.245,0.238,0.233,0.23;
0.89,0.774,0.665,0.57,0.491,0.427,0.377,0.337,0.305,0.281,0.261,0.246,0.234,0.225,0.218,0.214,0.211;
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0.89,0.769,0.653,0.554,0.472,0.407,0.356,0.316,0.286,0.262,0.243,0.22,0.218,0.209,0.203,0.199,0.196;
0.892,0.765,0.644,0.539,0.455,0.389,0.338,0.299,0.269,0.246,0.229,0.215,0.204,0.196,0.19,0.186,0.184;
0.894,0.762,0.635,0.527,0.44,0.374,0.323,0.285,0.256,0.233,0.216,0.203,0.193,0.185,0.18,0.176,0.174,
0.897,0.761,0.628,0.516,0.427,0.36,0.31,0.272,0.244,0.222,0.206,0.193,0.183,0.176,0.171,0.167,0.165;
0.917,0.762,0.604,0.474,0.378,0.31,0.261,0.227,0.202,0.183,0.169,0.158,0.15,0.144,0.14,0.137,0.135;
0.943,0.771,0.589,0.445,0.344,0.276,0.23,0.198,0.176,0.159,0.147,0.137,0.13,0.125,0.121,0.118,0.117,
0.969,0.783,0.578,0.422,0.318,0.251,0.208,0.178,0.158,0.143,0.132,0.123,0.117,0.112,0.108,0.106,0.105;
0.993,0.796,0.571,0.404,0.297,0.232,0.191,0.163,0.144,0.13,0.12,0.112,0.107,0.102,0.099,0.097,0.095;
1.015,0.811,0.565,0.388,0.281,0.217,0.177,0.152,0.134,0.121,0.111,0.104,0.099,0.095,0.092,0.09,0.088;
1.034,0.825,0.561,0.375,0.266,0.204,0.166,0.142,0.125,0.113,0.104,0.097,0.092,0.088,0.086,0.084,0.083;
1.05,0.84,0.557,0.363,0.254,0.193,0.157,0.134,0.118,0.107,0.098,0.092,0.087,0.083,0.081,0.079,0.078;
1.062,0.854,0.554,0.352,0.243,0.184,0.149,0.127,0.112,0.10,0.093,0.087,0.083,0.079,0.077,0.075,0.074;
1.077,0.882,0.549,0.334,0.225,0.169,0.137,0.116,0.102,0.092,0.085,0.08,0.075,0.072,0.07,0.068,0.068;
1.078,0.909,0.545,0.319,0.211,0.157,0.127,0.108,0.095,0.086,0.079,0.074,0.07,0.067,0.065,0.063,0.063;
1.068,0.934,0.542,0.306,0.199,0.147,0.119,0.101,0.089,0.08,0.074,0.069,0.065,0.063,0.061,0.059,0.059;
1.049,0.958,0.539,0.294,0.188,0.139,0.112,0.095,0.084,0.075,0.069,0.065,0.062,0.059,0.057,0.056,0.055;
1.025,0.98,0.537,0.284,0.179,0.132,0.106,0.09,0.079,0.072,0.066,0.062,0.058,0.056,0.054,0.053,0.052;
0.975,1.02,0.534,0.266,0.165,0.121,0.097,0.082,0.072,0.065,0.06,0.056,0.053,0.051,0.049,0.048,0.048;
0.945,1.053,0.531,0.251,0.153,0.112,0.09,0.076,0.067,0.061,0.056,0.052,0.049,0.047,0.046,0.045,0.044;
0.95,1.08,0.529,0.239,0.144,0.105,0.084,0.071,0.063,0.057,0.052,0.049,0.046,0.044,0.043,0.042,0.041,
0.982,1.101,0.527,0.228,0.136,0.099,0.079,0.067,0.059,0.053,0.049,0.046,0.044,0.042,0.04,0.04,0.03;
1.02,1.117,0.526,0.219,0.129,0.094,0.075,0.064,0.056,0.051,0.047,0.044,0.041,0.04,0.038,0.037,0.037;
1.033,1.133,0.523,0.199,0.116,0.084,0.067,0.057,0.05,0.045,0.042,0.039,0.037,0.035,0.034,0.034,0.033]

CoefAuxl=sum(sum(CoefKD1))/(17*26);

%% Agitacion Auxiliar 2

%lntroduzco los datos
RL2=[0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12 , 14,16,18,20,25,30,35,40,50];

R2LB=191./LBAuX;

Angi=DirBAux;
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%Limito los RL a las tablas con maximos = 50;
n=find(R2LB>50);

R2

LB(n)=50;

%Hallo el coeficiente auxiliar 1

CoefKD2=[0.845,0.703,0.584,0.489,0.415,0.359,0.315,0

0.841,0.694,0.57,0.473,0.399,0.343,0.3,0.268,0.243,0.224,0.209,0.197,0.188,0.181,0.176,0.172,0.17,
0.838,0.685,0.558,0.459,0.384,0.329,0.287,0.255,0.231,0.213,0.198,0.187,0.178,0.172,0.167,0.164,0.162;
0.828,0.653,0.51,0.405,0.33,0.277,0.239,0.211,0.11,0.175,0.163,0.153,0.146,0.141,0.137,0.134,0.132;
0.827,0.633,0.477,0.368,0.294,0.244,0.209,0.184,0.166,0.152,0.141,0.133,0.127,0.122,0.118,0.116,0.115;
0.83,0.618,0.452,0.34,0.268,0.22,0.188,0.165,0.149,0.136,0.126,0.119,0.113,0.109,0.106,0.104,0.103;
0.836,0.607,0.431,0.317,0.247,0.202,0.172,0.151,0.136,0.124,0.116,0.109,0.104,0.1,0.097,0.095,0.094;
0.844,0.599,0.414,0.299,0.231,0.188,0.16,0.14,0.126,0.115,0.107,0.101,0.096,0.092,0.09,0.088,0.087;
0.853,0.592,0.399,0.284,0.217,0.176,0.15,0.131,0.118,0.108,0.1,0.094,0.09,0.086,0.084,0.082,0.081,
0.863,0.586,0.386,0.27,0.206,0.167,0.141,0.124,0.111,0.102,0.094,0.089,0.085,0.081,0.079,0.077,0.076;
0.873,0.581,0.374,0.259,0.196,0.158,0.134,0.117,0.105,0.096,0.09,0.084,0.08,0.077,0.075,0.073,0.073;
0.893,0.574,0.354,0.24,0.18,0.145,0.123,0.107,0.096,0.088,0.082,0.077,0.073,0.07,0.068,0.067,0.066;
0.914,0.568,0.337,0.224,0.167,0.134,0.114,0.099,0.089,0.081,0.076,0.071,0.068,0.065,0.063,0.062,0.061;
0.934,0.563,0.323,0.211,0.156,0.126,0.106,0.093,0.083,0.076,0.071,0.067,0.063,0.061,0.059,0.058,0.057;
0.953,0.559,0.31,0.2,0.148,0.119,0.1,0.088,0.079,0.072,0.067,0.063,0.06,0.058,0.056,0.055,0.054;
0.972,0.556,0.299,0.191,0.14,0.113,0.095,0.083,0.075,0.068,0.063,0.06,0.057,0.055,0.053,0.052,0.051,
1.006,0.551,0.28,0.175,0.128,0.103,0.087,0.076,0.068,0.062,0.058,0.054,0.052,0.05,0.048,0.047,0.047;
1.035,0.547,0.264,0.163,0.119,0.095,0.08,0.07,0.063,0.058,0.054,0.05,0.048,0.046,0.045,0.044,0.043;
1.059,0.543,0.251,0.153,0.111,0.089,0.075,0.066,0.059,0.054,0.05,0.047,0.045,0.043,0.042,0.041,0.041,
1.078,0.541,0.24,0.144,0.105,0.084,0.071,0.062,0.056,0.051,0.047,0.044,0.042,0.041,0.04,0.039,0.038;
1.093,0.539,0.23,0.137,0.1,0.08,0.067,0.059,0.053,0.048,0.045,0.042,0.04,0.03,0.037,0.037,0.036;
1.109,0.534,0.209,0.123,0.089,0.071,0.06,0.053,0.047,0.043,0.04,0.038,0.036,0.035,0.034,0.033,0.032;
1.099,0.531,0.193,0.112,0.081,0.065,0.055,0.048,0.043,0.039,0.037,0.034,0.033,0.032,0.031,0.03,0.03;
1.07,0.529,0.18,0.104,0.075,0.06,0.051,0.044,0.04,0.036,0.034,0.032,0.03,0.029,0.028,0.028,0.027;
1.029,0.527,0.17,0.097,0.071,0.056,0.048,0.042,0.037,0.034,0.032,0.03,0.028,0.027,0.027,0.026,0.026;
0.948,0.524,0.153,0.087,0.063,0.05,0.043,0.037,0.033,0.031,0.029,0.027,0.025,0.024,0.024,0.023,0.023]

CoefAux2=sum(sum(CoefKD2))/(17*27);

. 282,0.256,0.236,0.221,0.208,0.199,0.192,0.186,0.182,0.18;
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%% Hago el programa para la Agitacion

RL 6=10.6,0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];
RL8 =[1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

RL10 =[0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];
RL12 =[0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

RL15 =[0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];
RL1820 =[0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

Ang =[10:10:170];

%lIntroduzco los datos
R6LB=148./LBAuX;
R 8LB=258./LBAuXx;
R10LB=169./LBAuX;
R12LB=190./LBAuX;
R15LB=164./LBAuX;
R1820LB=158./LBAuX;

Angi=DirBAux;

%Limito los RL a las tablas con maximos = 50;
n=find(R6LB>50);
R 6LB(n)=50;
n=find(R8LB>50);
R8LB(n)=50;
n=find(R10LB>50);
R10LB(n)=50
n=find(R12LB>50);
R12LB(n)=50;
n=find(R15LB>50);
R15LB(n)=50;
n=find(R1820LB>50);
R1820LB(n)=50;
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CoefKD6 = [0.835,0.698,0.589,0.503,0.436,0.383,0.342,0.3

% Introduzco las matrices correspondientes

0.824,0.68,0.567,0.48,0.412,0.361,0.321,0.289,0.265,0.246,0.23,0.218,0.209,0.201,0.196,0.192,0.19;
0.814,0.664,0.548,0.46,0.393,0.342,0.303,0.273,0.249,0.231,0.216,0.205,0.196,0.189,0.184,0.18,0.178;
0.805,0.65,0.531,0.442,0.375,0.325,0.287,0.258,0.236,0.218,0.204,0.193,0.185,0.178,0.174,0.17,0.168;
0.797,0.637,0.516,0.426,0.36,0.311,0.274,0.246,0.224,0.207,0.194,0.184,0.176,0.169,0.165,0.162,0.16;
0.865,0.585,0.456,0.367,0.304,0.26,0.227,0.203,0.185,0.17,0.159,0.151,0.144,0.139,0.135,0.132,0.131,
0.741,0.547,0.415,0.327,0.268,0.227,0.198,0.177,0.16,0.148,0.138,0.131,0.125,0.12,0.117,0.115,0.113;
0.722,0.517,0.383,0.298,0.242,0.204,0.178,0.158,0.144,0.132,0.124,0.117,0.112,0.108,0.105,0.103,0.101,
0.706,0.492,0.358,0.275,0.222,0.187,0.163,0.145,0.131,0.121,0.113,0.107,0.102,0.08,0.095,0.094,0.093;
0.693,0.472,0.337,0.257,0.207,0.174,0.151,0.134,0.122,0.112,0.105,0.099,0.094,0.091,0.088,0.087,0.086;
0.683,0.454,0.319,0.241,0.194,0.163,0.141,0.125,0.114,0.105,0.098,0.092,0.088,0.085,0.083,0.081,0.08;
0.673,0.438,0.304,0.229,0.183,0.154,0.133,0.118,0.107,0.099,0.092,0.087,0.083,0.08,0.078,0.076,0.076;
0.665,0.424,0.291,0.218,0.174,0.146,0.126,0.112,0.102,0.094,0.088,0.08,0.079,0.076,0.074,0.073,0.072;
0.651,0.40,0.269,0.2,0.159,0.133,0.115,0.103,0.093,0.086,0.08,0.075,0.072,0.069,0.068,0.066,0.065;
0.64,0.381,0.251,0.185,0.148,0.123,0.107,0.095,0.086,0.079,0.074,0.07,0.067,0.064,0.063,0.061,0.061;
0.631,0.364,0.237,0.174,0.138,0.115,0.1,0.089,0.08,0.074,0.069,0.065,0.062,0.06,0.059,0.057,0.057,;
0.623,0.349,0.224,0.164,0.13,0.109,0.094,0.084,0.076,0.07,0.065,0.062,0.059,0.057,0.055,0.054,0.053;
0.616,0.336,0.214,0.156,0.24,0.103,0.089,0.079,0.072,0.066,0.062,0.058,0.056,0.054,0.052,0.051,0.051;
0.606,0.314,0.196,0.143,0.113,0.094,0.082,0.073,0.066,0.061,0.057,0.053,0.051,0.049,0.048,0.047,0.046;
0.597,0.296,0.182,0.132,0.105,0.087,0.076,0.067,0.061,0.056,0.052,0.049,0.047,0.045,0.044,0.043,0.043,;
0.59,0.28,0.171,0.124,0.098,0.082,0.071,0.063,0.057,0.052,0.049,0.046,0.044,0.043,0.041,0.041,0.04;
0.585,0.267,0.162,0.117,0.09,0.077,0.067,0.059,0.054,0.049,0.046,0.044,0.042,0.04,0.039,0.038,0.038;
0.58,0.256,0.153,0.111,0.088,0.073,0.063,0.056,0.051,0.047,0.044,0.041,0.039,0.038,0.037,0.036,0.036;
0.571,0.233,0.138,0.09,0.078,0.065,0.057,0.05,0.046,0.042,0.039,0.037,0.035,0.034,0.033,0.032,0.032;
0.564,0.215,0.126,0.09,0.072,0.06,0.052,0.046,0.042,0.038,0.036,0.034,0.032,0.031,0.03,0.03,0.029;
0.559,0.2,0.117,0.084,0.066,0.055,0.048,0.042,0.038,0.035,0.033,0.031,0.03,0.029,0.028,0.027,0.027,
0.555,0.188,0.109,0.078,0.062,0.052,0.045,0.04,0.036,0.033,0.031,0.029,0.028,0.027,0.026,0.026,0.025;
0.549,0.17,0.098,0.07,0.055,0.046,0.04,0.036,0.032,0.03,0.028,0.026,0.025,0.024,0.023,0.023,0.023]

CoefkKD8 =[0.797,0.637,0.516,0.426,0.36,0.311,0.274,0.246,0.224,0.207,0.194,0.184,0.176,0.169,0.165,0.162,0.16;

0.865,0.585,0.456,0.367,0.304,0.26,0.227,0.203,0.185,0.17,0.159,0.151,0.144,0.139,0.135,0.132,0.131,
0.741,0.547,0.415,0.327,0.268,0.227,0.198,0.177,0.16,0.148,0.138,0.131,0.125,0.12,0.117,0.115,0.113;

1,0.284,0.264,0.248,0.235,0.225,0.217,0.211,0.207,0.205;
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0.722,0.517,0.383,0.298,0.242,0.204,0.178,0.158,0.144,0.132,0.124,0.117,0.112,0.108,0.105,0.103,0.101;
0.706,0.492,0.358,0.275,0.222,0.187,0.163,0.145,0.131,0.121,0.113,0.107,0.102,0.08,0.095,0.094,0.093;
0.693,0.472,0.337,0.257,0.207,0.174,0.151,0.134,0.122,0.112,0.105,0.099,0.094,0.091,0.088,0.087,0.086;
0.683,0.454,0.319,0.241,0.194,0.163,0.141,0.125,0.114,0.105,0.098,0.092,0.088,0.085,0.083,0.081,0.08;
0.673,0.438,0.304,0.229,0.183,0.154,0.133,0.118,0.107,0.099,0.092,0.087,0.083,0.08,0.078,0.076,0.076;
0.665,0.424,0.291,0.218,0.174,0.146,0.126,0.112,0.102,0.094,0.088,0.08,0.079,0.076,0.074,0.073,0.072;
0.651,0.40,0.269,0.2,0.159,0.133,0.115,0.103,0.093,0.086,0.08,0.075,0.072,0.069,0.068,0.066,0.065;
0.64,0.381,0.251,0.185,0.148,0.123,0.107,0.095,0.086,0.079,0.074,0.07,0.067,0.064,0.063,0.061,0.061,
0.631,0.364,0.237,0.174,0.138,0.115,0.1,0.089,0.08,0.074,0.069,0.065,0.062,0.06,0.059,0.057,0.057;
0.623,0.349,0.224,0.164,0.13,0.109,0.094,0.084,0.076,0.07,0.065,0.062,0.059,0.057,0.055,0.054,0.053;
0.616,0.336,0.214,0.156,0.24,0.103,0.089,0.079,0.072,0.066,0.062,0.058,0.056,0.054,0.052,0.051,0.051;
0.606,0.314,0.196,0.143,0.113,0.094,0.082,0.073,0.066,0.061,0.057,0.053,0.051,0.049,0.048,0.047,0.046;
0.597,0.296,0.182,0.132,0.105,0.087,0.076,0.067,0.061,0.056,0.052,0.049,0.047,0.045,0.044,0.043,0.043;
0.59,0.28,0.171,0.124,0.098,0.082,0.071,0.063,0.057,0.052,0.049,0.046,0.044,0.043,0.041,0.041,0.04;
0.585,0.267,0.162,0.117,0.09,0.077,0.067,0.059,0.054,0.049,0.046,0.044,0.042,0.04,0.039,0.038,0.038;
0.58,0.256,0.153,0.111,0.088,0.073,0.063,0.056,0.051,0.047,0.044,0.041,0.039,0.038,0.037,0.036,0.036;
0.571,0.233,0.138,0.09,0.078,0.065,0.057,0.05,0.046,0.042,0.039,0.037,0.035,0.034,0.033,0.032,0.032;
0.564,0.215,0.126,0.09,0.072,0.06,0.052,0.046,0.042,0.038,0.036,0.034,0.032,0.031,0.03,0.03,0.029;
0.559,0.2,0.117,0.084,0.066,0.055,0.048,0.042,0.038,0.035,0.033,0.031,0.03,0.029,0.028,0.027,0.027;
0.555,0.188,0.109,0.078,0.062,0.052,0.045,0.04,0.036,0.033,0.031,0.029,0.028,0.027,0.026,0.026,0.025;
0.549,0.17,0.098,0.07,0.055,0.046,0.04,0.036,0.032,0.03,0.028,0.026,0.025,0.024,0.023,0.023,0.023]

CoefkD10 = [0.85,0.715,0.6,0.507,0.434,0.377,0.333,0.299,0.272,0.252,0.235,0.222,0.212,0.201,0.199,0.195,0.192;
0.845,0.703,0.584,0.489,0.415,0.359,0.315,0.282,0.256,0.236,0.221,0.208,0.199,0.192,0.186,0.182,0.18;
0.841,0.694,0.57,0.473,0.399,0.343,0.3,0.268,0.243,0.224,0.209,0.197,0.188,0.181,0.176,0.172,0.17,
0.838,0.685,0.558,0.459,0.384,0.329,0.287,0.255,0.231,0.213,0.198,0.187,0.178,0.172,0.167,0.164,0.162;
0.828,0.653,0.51,0.405,0.33,0.277,0.239,0.211,0.11,0.175,0.163,0.153,0.146,0.141,0.137,0.134,0.132;
0.827,0.633,0.477,0.368,0.294,0.244,0.209,0.184,0.166,0.152,0.141,0.133,0.127,0.122,0.118,0.116,0.115;
0.83,0.618,0.452,0.34,0.268,0.22,0.188,0.165,0.149,0.136,0.126,0.119,0.113,0.109,0.106,0.104,0.103;
0.836,0.607,0.431,0.317,0.247,0.202,0.172,0.151,0.136,0.124,0.116,0.109,0.104,0.1,0.097,0.095,0.094,
0.844,0.599,0.414,0.299,0.231,0.188,0.16,0.14,0.126,0.115,0.107,0.101,0.096,0.092,0.09,0.088,0.087;
0.853,0.592,0.399,0.284,0.217,0.176,0.15,0.131,0.118,0.108,0.1,0.094,0.09,0.086,0.084,0.082,0.081,
0.863,0.586,0.386,0.27,0.206,0.167,0.141,0.124,0.111,0.102,0.094,0.089,0.085,0.081,0.079,0.077,0.076;
0.873,0.581,0.374,0.259,0.196,0.158,0.134,0.117,0.105,0.096,0.09,0.084,0.08,0.077,0.075,0.073,0.073;
0.893,0.574,0.354,0.24,0.18,0.145,0.123,0.107,0.096,0.088,0.082,0.077,0.073,0.07,0.068,0.067,0.066;
0.914,0.568,0.337,0.224,0.167,0.134,0.114,0.099,0.089,0.081,0.076,0.071,0.068,0.065,0.063,0.062,0.061,
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0.934,0.563,0.323,0.211,0.156,0.126,0.106,0.093,0.083,0.076,0.071,0.067,0.063,0.061,0.059,0.058,0.057;
0.953,0.559,0.31,0.2,0.148,0.119,0.1,0.088,0.079,0.072,0.067,0.063,0.06,0.058,0.056,0.055,0.054;
0.972,0.556,0.299,0.191,0.14,0.113,0.095,0.083,0.075,0.068,0.063,0.06,0.057,0.055,0.053,0.052,0.051,
1.006,0.551,0.28,0.175,0.128,0.103,0.087,0.076,0.068,0.062,0.058,0.054,0.052,0.05,0.048,0.047,0.047;
1.035,0.547,0.264,0.163,0.119,0.095,0.08,0.07,0.063,0.058,0.054,0.05,0.048,0.046,0.045,0.044,0.043;
1.059,0.543,0.251,0.153,0.111,0.089,0.075,0.066,0.059,0.054,0.05,0.047,0.045,0.043,0.042,0.041,0.041;
1.078,0.541,0.24,0.144,0.105,0.084,0.071,0.062,0.056,0.051,0.047,0.044,0.042,0.041,0.04,0.039,0.038;
1.093,0.539,0.23,0.137,0.1,0.08,0.067,0.059,0.053,0.048,0.045,0.042,0.04,0.03,0.037,0.037,0.036;
1.109,0.534,0.209,0.123,0.089,0.071,0.06,0.053,0.047,0.043,0.04,0.038,0.036,0.035,0.034,0.033,0.032;
1.099,0.531,0.193,0.112,0.081,0.065,0.055,0.048,0.043,0.039,0.037,0.034,0.033,0.032,0.031,0.03,0.03;
1.07,0.529,0.18,0.104,0.075,0.06,0.051,0.044,0.04,0.036,0.034,0.032,0.03,0.029,0.028,0.028,0.027;
1.029,0.527,0.17,0.097,0.071,0.056,0.048,0.042,0.037,0.034,0.032,0.03,0.028,0.027,0.027,0.026,0.026;
0.948,0.524,0.153,0.087,0.063,0.05,0.043,0.037,0.033,0.031,0.029,0.027,0.025,0.024,0.024,0.023,0.023]

CoefkD12 = [1.025,0.997,0.917,0.807,0.689,0.58,0.488,0.414,0.357,0.313,0.281,0.256,0.238,0.224,0.215,0.208,0.205;
1.033,1.013,0.934,0.817,0.691,0.575,0.478,0.401,0.343,0.299,0.267,0.243,0.225,0.212,0.203,0.197,0.193;
1.037,1.027,0.95,0.828,0.694,0.571,0.469,0.39,0.331,0.287,0.255,0.232,0.214,0.202,0.193,0.187,0.184;
1.028,1.071,1.021,0.882,0.712,0.557,0.435,0.347,0.285,0.243,0.213,0.192,0.177,0.166,0.158,0.153,0.151,
0.99,1.067,0.107,0.932,0.733,0.549,0.411,0.317,0.255,0.214,0.186,0.167,0.154,0.144,0.137,0.133,0.131;
0.97,0.031,1.097,0.977,0.753,0.543,0.392,0.294,0.232,0.193,0.168,0.150,0.138,0.129,0.123,0.119,0.117;
0.987,0.984,1.104,1.015,0.773,0.539,0.376,0.275,0.215,0.178,0.153,0.137,0.126,0.118,0.112,0.109,0.107;
1.016,0.951,1.091,1.048,0.792,0.536,0.362,0.26,0.201,0.165,0.142,0.127,0.117,0.109,0.104,0.101,0.099;
1.024,0.949,1.065,1.075,0.811,0.534,0.351,0.247,0.189,0.155,0.133,0.119,0.109,0.102,0.097,0.094,0.092,;
1.005,0.973,1.031,1.096,0.829,0.532,0.34,0.236,0.179,0.146,0.126,0.112,0.102,0.096,0.092,0.089,0.087;
0.983,1.009,0.993,1.112,0.847,0.53,0.331,0.226,0.171,0.139,0.12,0.107,0.098,0.091,0.087,0.084,0.083;
1.001,1.044,0.936,1.128,0.88,0.527,0.314,0.209,0.157,0.127,0.109,0.097,0.089,0.083,0.08,0.077,0.075;
1.014,1.001,0.931,1.125,0.91,0.525,0.3,0.196,0.146,0.118,0.101,0.09,0.083,0.077,0.074,0.071,0.07;
0.983,0.962,0.973,1.106,0.939,0.524,0.288,0.185,0.136,0.11,0.095,0.084,0.077,0.072,0.069,0.067,0.065;
1.008,0.994,1.027,1.075,0.965,0.522,0.277,0.175,0.129,0.104,0.089,0.08,0.073,0.068,0.065,0.063,0.062;
1.006,1.033,1.058,1.036,0.989,0.521,0.268,0.167,0.122,0.099,0.085,0.075,0.069,0.065,0.062,0.06,0.058;
1.012,.972,1.012,0.957,1.032,0.519,0.252,0.154,0.112,0.09,0.07,0.069,0.063,0.059,0.056,0.054,0.052;
0.99,1.023,0.948,0.912,1.068,0.518,0.238,0.143,0.104,0.084,0.072,0.064,0.058,0.055,0.052,0.065,0.049;
0.994,0.983,1.004,0.923,1.097,0.517,0.226,0.134,0.097,0.078,0.067,0.06,0.055,0.051,0.049,0.047,0.046;
1.011,1.013,1.045,0.976,1.12,0.516,0.216,0.127,0.092,0.074,0.063,0.056,0.052,0.048,0.046,0.044,0.044;
1.001,0.993,0.988,1.035,1.136,0.515,0.207,0.12,0.087,0.07,0.06,0.053,0.049,0.046,0.044,0.042,0.041;
0.991,0.979,1.038,1.052,1.151,0.513,0.189,0.108,0.078,0.063,0.054,0.08,0.044,0.041,0.039,0.038,0.037;
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0.995,0.987,0.978,0.943,1.134,0.512,0.175,0.099,0.071,0.057,0.049,0.044,0.04,0.037,0.036,0.034,0.034;
1.006,1.007,0.988,0.994,1.093,0.511,0.163,0.092,0.066,0.053,0.045,0.04,0.037,0.035,0033,0.032,0.031,
1.007,1.017,1.031,1.055,1.036,0.51,0.154,0.086,0.062,0.05,0.042,0.038,0.035,0.032,0.031,0.03,0.029;
0.993,0.993,0.988,0.968,0.928,0.509,0.139,0.077,0.055,0.044,0.038,0.034,0.031,0.029,0.028,0.027,0.026]

CoefkKD15 = [0.989,0.994,1.023,1.06,1.075,1.051,0.985,0.89,0.782,0.675,0.579,0.499,0.437,0.39,0.356,0.333,0.3211;
0.987,0.98,1.001,1.045,1.079,1.07,1.01,0.911,0.794,0.677,0.573,0.488,0.422,0.373,0.338,0.315,0.303;
0.993,0.975,0.98,1.025,1.074,1.083,1.032,0.932,0.807,0.681,0.569,0.478,0.409,0.358,0.323,0.3,0.287,
1.002,0.981,0.967,1.002,1.063,1.091,1.051,0.951,0.819,0.684,0.565,0.469,0.397,0.345,0.31,0.287,0.274;
0.994,1.016,1.018,0.962,0.966,1.06,1.105,1.033,0.88,0.705,0.552,0.435,0.353,0.297,0.261,0.239,0.227,
1.008,0.987,0.998,1.035,0.958,0.974,1.095,1.088,0.934,0.728,0.545,0.411,0.322,0.265,0.23,0.209,0.198;
0.993,1.012,0.99,0.999,1.031,0.933,1.042,1.117,0.981,0.749,0.54,0.392,0.298,0.242,0.208,0.188,0.178;
1.005,0.989,1.019,0.973,1.035,0.975,0.975,1.122,1.021,0.77,0.536,0.376,0.279,0.223,0.191,0.172,0.163;
0.999,1.01,0.979,1.026,0.974,1.037,0.93,1.107,1.056,0.79,0.533,0.362,0.264,0.209,0.177,0.16,0.151,
0.998,0.991,1.017,1.001,0.971,1.052,0.928,1.075,1.084,0.81,0.531,0.351,0.251,0.196,0.166,0.15,0.141,
1.005,1.009,0.991,0.977,1.025,1.011,0.964,1.035,1.106,0.828,0.529,0.34,0.239,0.186,0.157,0.141,0.133;
0.995,0.992,1,1.021,1.026,0.961,1.015,0.991,1.122,0.846,0.528,0.331,0.229,0.177,0.149,0.134,0.126;
0.997,0.993,0.986,0.979,0.977,1.003,1.062,0.925,1.137,0.88,0.525,0.314,0.212,0.163,0.137,0.123,0.115;
1.002,0.993,0.988,1.003,1.022,1.031,1.001,0.919,1.133,0.911,0.523,0.3,0.199,0.151,0.127,0.114,0.107;
1.004,0.994,1.002,1.015,0.98,0.962,0.946,0.97,1.113,0.94,0.522,0.288,0.187,0.142,0.119,0.106,0.1;
1.002,0.994,1.012,0.982,1.019,1.019,0.992,1.033,1.079,0.966,0.52,0.277,0.178,0.134,0.112,0.1,0.094;
0.998,0.994,1.009,1.006,0.982,1.013,1.047,1.068,1.038,0.991,0.519,0.268,0.169,0.127,0.106,0.095,0.089;
0.999,0.995,0.989,0.984,0.984,1.026,0.961,1.013,0.954,1.035,0.518,0.252,0.156,0.116,0.097,0.087,0.082;
1.003,0.995,1.004,1.008,0.985,0.979,1.033,0.94,0.906,1.071,0.516,0.238,0.145,0.108,0.09,0.08,0.076;
0.998,0.996,1.006,1.008,0.986,0.986,0.975,1.005,0.918,1.1,0.515,0.226,0.136,0.101,0.084,0.075,0.071,
1,0.996,0.991,0.987,0.987,1.024,1.018,1.053,0.975,1.123,0.514,0.216,0.128,0.095,0.079,0.071,0.067;
1.002,0.996,1.005,1.003,0.988,1.003,0.99,0.986,1.038,1.139,0.514,0.207,0.122,0.09,0.075,0.067,0.063;
1.002,0.996,0.998,1.01,1.011,0.98,0.97,1.045,1.055,1.154,0.512,0.189,0.109,0.081,0.067,0.06,0.057;
1.001,0.997,0.994,0.993,0.99,0.99,0.983,0.974,0.939,1.136,0.511,0.175,0.1,0.074,0.061,0.055,0.052;
0.999,0.997,0.994,0.995,1.009,1.013,1.01,0.986,0.993,1.094,0.51,0.163,0.093,0.068,0.057,0.051,0.048;
0.998,0.997,0.997,1.008,0.991,1.015,1.024,1.036,1.058,1.037,0.51,0.154,0.087,0.064,0.053,0.048,0.045;
0.999,0.998,1.005,0.992,0.992,0.985,0.991,0.987,0.966,0.926,0.509,0.139,0.078,0.057,0.048,0.043,0.04]

CoefKD1820 = [0.989,0.994,1.023,1.06,1.075,1.051,0.985,0.89,0.782,0.675,0.579,0.499,0.437,0.39,0.356,0.333,0.3211;
0.987,0.98,1.001,1.045,1.079,1.07,1.01,0.911,0.794,0.677,0.573,0.488,0.422,0.373,0.338,0.315,0.303;
0.993,0.975,0.98,1.025,1.074,1.083,1.032,0.932,0.807,0.681,0.569,0.478,0.409,0.358,0.323,0.3,0.287;
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1.002,0.981,0.967,1.002,1.063,1.091,1.051,0.951,0.819,0.684,0.565,0.469,0.397,0.345,0.31,0.287,0.274;
0.994,1.016,1.018,0.962,0.966,1.06,1.105,1.033,0.88,0.705,0.552,0.435,0.353,0.297,0.261,0.239,0.227;
1.008,0.987,0.998,1.035,0.958,0.974,1.095,1.088,0.934,0.728,0.545,0.411,0.322,0.265,0.23,0.209,0.198;
0.993,1.012,0.99,0.999,1.031,0.933,1.042,1.117,0.981,0.749,0.54,0.392,0.298,0.242,0.208,0.188,0.178;
1.005,0.989,1.019,0.973,1.035,0.975,0.975,1.122,1.021,0.77,0.536,0.376,0.279,0.223,0.191,0.172,0.163;
0.999,1.01,0.979,1.026,0.974,1.037,0.93,1.107,1.056,0.79,0.533,0.362,0.264,0.209,0.177,0.16,0.151,
0.998,0.991,1.017,1.001,0.971,1.052,0.928,1.075,1.084,0.81,0.531,0.351,0.251,0.196,0.166,0.15,0.141;
1.005,1.009,0.991,0.977,1.025,1.011,0.964,1.035,1.106,0.828,0.529,0.34,0.239,0.186,0.157,0.141,0.133;
0.995,0.992,1,1.021,1.026,0.961,1.015,0.991,1.122,0.846,0.528,0.331,0.229,0.177,0.149,0.134,0.126;
0.997,0.993,0.986,0.979,0.977,1.003,1.062,0.925,1.137,0.88,0.525,0.314,0.212,0.163,0.137,0.123,0.115;
1.002,0.993,0.988,1.003,1.022,1.031,1.001,0.919,1.133,0.911,0.523,0.3,0.199,0.151,0.127,0.114,0.107;
1.004,0.994,1.002,1.015,0.98,0.962,0.946,0.97,1.113,0.94,0.522,0.288,0.187,0.142,0.119,0.106,0.1;
1.002,0.994,1.012,0.982,1.019,1.019,0.992,1.033,1.079,0.966,0.52,0.277,0.178,0.134,0.112,0.1,0.094;
0.998,0.994,1.009,1.006,0.982,1.013,1.047,1.068,1.038,0.991,0.519,0.268,0.169,0.127,0.106,0.095,0.089;
0.999,0.995,0.989,0.984,0.984,1.026,0.961,1.013,0.954,1.035,0.518,0.252,0.156,0.116,0.097,0.087,0.082;
1.003,0.995,1.004,1.008,0.985,0.979,1.033,0.94,0.906,1.071,0.516,0.238,0.145,0.108,0.09,0.08,0.076;
0.998,0.996,1.006,1.008,0.986,0.986,0.975,1.005,0.918,1.1,0.515,0.226,0.136,0.101,0.084,0.075,0.071;
1,0.996,0.991,0.987,0.987,1.024,1.018,1.053,0.975,1.123,0.514,0.216,0.128,0.095,0.079,0.071,0.067;
1.002,0.996,1.005,1.003,0.988,1.003,0.99,0.986,1.038,1.139,0.514,0.207,0.122,0.09,0.075,0.067,0.063;
1.002,0.996,0.998,1.01,1.011,0.98,0.97,1.045,1.055,1.154,0.512,0.189,0.109,0.081,0.067,0.06,0.057;
1.001,0.997,0.994,0.993,0.99,0.99,0.983,0.974,0.939,1.136,0.511,0.175,0.1,0.074,0.061,0.055,0.052;
0.999,0.997,0.994,0.995,1.009,1.013,1.01,0.986,0.993,1.094,0.51,0.163,0.093,0.068,0.057,0.051,0.048;
0.998,0.997,0.997,1.008,0.991,1.015,1.024,1.036,1.058,1.037,0.51,0.154,0.087,0.064,0.053,0.048,0.045;
0.999,0.998,1.005,0.992,0.992,0.985,0.991,0.987,0.966,0.926,0.509,0.139,0.078,0.057,0.048,0.043,0.04]

[Anga6,RLa6] = meshgrid(Ang,RL6)
[Anga8,RLa8] = meshgrid(Ang,RL8)
[Angal0,RLal0] = meshgrid(Ang,RL10)
[Angal2,RLal2] = meshgrid(Ang,RL12)
[Angal5,RLal5] = meshgrid(Ang,RL15)
[Angal820,RLal820] = meshgrid(Ang,RL1820)

KDi6=griddata(Anga6,RLa6,CoefKD6,Angi,R6LB, 'nearest’  );
KDi8= griddata(Anga8,RLa8,CoefKD8,Angi,R8LB, ‘nearest’  );
KDil0= griddata(Angal0,RLa10,CoefKD10,Angi,R10LB, 'nearest'

);
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KDil2=griddata(Angal2,RLal12,CoefKD12,Angi,R12LB, ‘nearest’  );
KDil5= griddata(Angal5,RLal5,CoefKD15,Angi,R15LB, 'nearest’  );
KDi182 0=griddata(Angal820,RLa1820,CoefKD1820,Angi,R1820LB, ‘nearest’  );

%% Calculo las alturas

H6=HBAux.*CoefAux1.*CoefAux2.*KDi6;
H8=HBAux.*CoefAux1.*CoefAux2.*KDi8;
H10=HBAux.*CoefAux1.*KDi10;
H12=HBAux.*CoefAux1.*KDil12;
H15=HBAux.*CoefAux1.*KDil5;
H1820=HBAux.*CoefAux1.*KDi1820;
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%% AGITACION ALTERNATIVA 2
%% Previamente cargo los vectores guardados previamente

%% Agitacion Auxiliar 1

%Introduzco los datos
RL1=[0.4,0.5,0.6,0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5 , 5,6,7,8,9,10,12,14,16,18,20,25];

R1LB=92./LBAux;
Angi=DirBAux;

%Limito los RL a las tablas con maximos = 50;
n=find(R1LB>50);
R1 LB(n)=50;

%Cambio los angulos a la nueva referencia
for (i=1:length(Angi))
i
if (Angi(i)>0 && Angi(i)<85)
Angi(i)=12+90+Angi(i);
else if (Angi(i)>280 && Angi(i)<360)
Angi(i)=12+90-(360-(Angi(i)));
end
end
end

%H4dlo el coeficiente auxiliar 1
CoefkD1=[0.921,0.838,0.756,0.68,0.612,0.551,0.5,0.456 ,0.42,0.39,0.365,0.346,0.33,0.318,0.309,0.303,0.299;
0.921,0.832,0.742,0.658,0.582,0.517,0.462,0.416,0.38,0.35,0.326,0.307,0.292,0.28,0.272,0.266,0.262;
0.925,0.831,0.734,0.641,0.559,0.49,0.433,0.386,0.349,0.32,0.296,0.278,0.264,0.253,0.245,0.24,0.237;
0.93,0.833,0.72,0.629,0.541,0.468,0.409,0.362,0.325,0.296,0.274,0.256,0.243,0.233,0.225,0.22,0.217;



8/06/14 0:24 C:\Users\Merche\Documents\MATLAB\AGITACION2.m 2 of 10

0.937,0.837,0.725,0.619,0.526,0.45,0.39,0.342,0.306,0.277,0.256,0.239,0.226,0.216,0.209,0.204,0.201,
0.945,0.842,0.724,0.611,0.513,0.434,0.373,0.325,0.289,0.262,0.241,0.224,0.212,0.203,0.196,0.192,0.189;
0.953,0.848,0.724,0.604,0.502,0.421,0.358,0.311,0.275,0.248,0.228,0.212,0.2,0.192,0.185,0.181,0.178;
0.961,0.855,0.724,0.598,0.492,0.408,0.345,0.298,0.263,0.237,0.217,0.202,0.191,0.182,0.176,0.172,0.169;
1.002,0.893,0.734,0.579,0.454,0.362,0.297,0.252,0.219,0.196,0.179,0.166,0.156,0.149,0.144,0.141,0.139;
1.034,0.933,0.49,0.567,0.427,0.33,0.265,0.222,0.192,0.171,0.155,0.144,0.136,0.129,0.125,0.122,0.12;
1.054,0.97,0.765,0.56,0.406,0.306,0.242,0.2,0.173,0.153,0.139,0.129,0.121,0.116,0.112,0.109,0.108;
1.061,1.003,0.783,0.554,0.389,0.286,0.223,0.184,0.158,0.14,0.127,0.118,0.111,0.106,0.102,0.1,0.098;
1.055,1.032,0.8,0.55,0.375,0.27,0.209,0.171,0.147,0.13,0.118,0.109,0.103,0.098,0.095,0.092,0.091;
1.041,1.056,0.817,0.546,0.362,0.256,0.196,0.16,0.137,0.122,0.11,0.102,0.096,0.092,0.088,0.086,0.085;
1.02,1.075,0.833,0.544,0.351,0.245,0.186,0.152,0.13,0.115,0.104,0.096,0.091,0.086,0.083,0.081,0.08;
0.998,1.09,0.849,0.541,0.341,0.234,0.177,0.144,0.123,0.109,0.099,0.091,0.086,0.082,0.079,0.077,0.076;
0.963,1.106,0.88,0.537,0.324,0.217,0.163,0.132,0.112,0.099,0.09,0.083,0.079,0.075,0.072,0.07,0.069;
0.958,1.105,0.909,0.535,0.309,0.203,0.151,0.122,0.104,0.092,0.084,0.077,0.073,0.069,0.067,0.065,0.064;
0.982,1.09,0.936,0.532,0.297,0.192,0.142,0.114,0.097,0.086,0.078,0.072,0.068,0.065,0.063,0.061,0.06;
1.015,1.064,0.961,0.53,0.285,0.182,0.134,0.108,0.092,0.081,0.074,0.068,0.064,0.061,0.059,0.058,0.057;
1.035,1.031,0.985,0.529,0.276,0.173,0.127,0.102,0.087,0.077,0.07,0.065,0.061,0.058,0.056,0.055,0.054;
1.007,0.965,1.026,0.526,0.259,0.159,0.116,0.094,0.08,0.07,0.064,0.059,0.056,0.053,0.051,0.05,0.049;
0.969,0.926,1.061,0.524,0.244,0.148,0.108,0.087,0.074,0.065,0.059,0.055,0.051,0.049,0.047,0.046,0.045;
1.002,0.935,1.089,0.522,0.232,0.139,0.101,0.01,0.069,0.061,0.055,0.051,0.048,0.046,0.044,0.043,0.043;
1.028,0.978,1.111,0.521,0.222,0.131,0.095,0.076,0.065,0.057,0.052,0.048,0.045,0.043,0.042,0.041,0.04;
0.993,1.028,1.127,0.52,0.213,0.125,0.09,0.073,0.062,0.055,0.049,0.046,0.043,0.041,0.035,0.039,0.038;
1.023,1.044,1.143,0.518,0.194,0.11,0.081,0.065,0.055,0.049,0.044,0.041,0.038,0.037,0.035,0.035,0.034]

CoefAuxl=sum(sum(CoefKD1))/(17*26);
%% Hago el programa para la Agitacion

R L6=[2,25,3,3.54,4.55,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

RL8 =[1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];
RL10=[1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

RL12 =[0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];
RL15=[0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

RL18 =[0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

RL20 =[0.4,0.5,0.6,0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];
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Ang =[10:10:170];

%lIntroduzco los datos

R6LB=462./LBAuX;

R 8LB=347./LBAux;
R10LB=222./LBAuX;
R12LB=159./LBAuX;
R15LB=148./LBAuX;
R18LB=212./LBAuX;
R20LB=99./LBAuX;

Angi=DirBAux;

%Limito los RL a las tablas con maximos = 50;
n=find(R6LB>50);
R6 LB(n)=50;
n=find(R8LB>50);
R8LB(n)=50;
n=find(R10LB>50);
R10LB(n)=50
n=find(R12LB>50);
R12LB(n)=50;
n=find(R15LB>50);
R15LB(n)=50;
n=find(R18LB>50);
R18LB(n)=50;
n=find(R20LB>50);
R20LB(n)=50;

%Cambio los agulos a la nueva referencia
for (i=1:length(Angi))
i
if (Angi(i)>0 && Angi(i)<85)
Angi(i)=90+46+Angi(i);
else if (Angi(i)>280 && Angi(i)<360)
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Angi(i)=Angi(i)-270+46;
end
end

end

CoefK D6 =[1.034,0.933,0.49,0.567,0.427,0.33,0.265,0.222,0.192,0.171,0.155,0.144,0.136,0.129,0.125,0.122,0.12;

1.054,0.97,0.765,0.56,0.406,0.306,0.242,0.2,0.173,0.153,0.139,0.129,0.121,0.116,0.112,0.109,0.108;
1.061,1.003,0.783,0.554,0.389,0.286,0.223,0.184,0.158,0.14,0.127,0.118,0.111,0.106,0.102,0.1,0.098;
1.055,1.032,0.8,0.55,0.375,0.27,0.209,0.171,0.147,0.13,0.118,0.109,0.103,0.098,0.095,0.092,0.091;
1.041,1.056,0.817,0.546,0.362,0.256,0.196,0.16,0.137,0.122,0.11,0.102,0.096,0.092,0.088,0.086,0.085;
1.02,1.075,0.833,0.544,0.351,0.245,0.186,0.152,0.13,0.115,0.104,0.096,0.091,0.086,0.083,0.081,0.08;
0.998,1.09,0.849,0.541,0.341,0.234,0.177,0.144,0.123,0.109,0.099,0.091,0.086,0.082,0.079,0.077,0.076;
0.963,1.106,0.88,0.537,0.324,0.217,0.163,0.132,0.112,0.099,0.09,0.083,0.079,0.075,0.072,0.07,0.069;
0.958,1.105,0.909,0.535,0.309,0.203,0.151,0.122,0.104,0.092,0.084,0.077,0.073,0.069,0.067,0.065,0.064;
0.982,1.09,0.936,0.532,0.297,0.192,0.142,0.114,0.097,0.086,0.078,0.072,0.068,0.065,0.063,0.061,0.06;
1.015,1.064,0.961,0.53,0.285,0.182,0.134,0.108,0.092,0.081,0.074,0.068,0.064,0.061,0.059,0.058,0.057;
1.035,1.031,0.985,0.529,0.276,0.173,0.127,0.102,0.087,0.077,0.07,0.065,0.061,0.058,0.056,0.055,0.054;
1.007,0.965,1.026,0.526,0.259,0.159,0.116,0.094,0.08,0.07,0.064,0.059,0.056,0.053,0.051,0.05,0.049;
0.969,0.926,1.061,0.524,0.244,0.148,0.108,0.087,0.074,0.065,0.059,0.055,0.051,0.049,0.047,0.046,0.045;
1.002,0.935,1.089,0.522,0.232,0.139,0.101,0.01,0.069,0.061,0.055,0.051,0.048,0.046,0.044,0.043,0.043;
1.028,0.978,1.111,0.521,0.222,0.131,0.095,0.076,0.065,0.057,0.052,0.048,0.045,0.043,0.042,0.041,0.04;
0.993,1.028,1.127,0.52,0.213,0.125,0.09,0.073,0.062,0.055,0.049,0.046,0.043,0.041,0.035,0.039,0.038;
1.023,1.044,1.143,0.518,0.194,0.11,0.081,0.065,0.055,0.049,0.044,0.041,0.038,0.037,0.035,0.035,0.034;
0.986,0.952,1.127,0.516,0.179,0.102,0.074,0.059,0.05,0.045,0.04,0.037,0.035,0.033,0.032,0.032,0.031,
0.993,0.994,1.088,0.515,0.167,0.095,0.068,0.055,0.047,0.041,0.037,0.035,0.033,0.031,0.03,0.029,0.029;
1.019,1.046,1.035,0.514,0.158,0.089,0.064,0.051,0.044,0.039,0.035,0.032,0.03,0.029,0.028,0.027,0.027;
0.993,0.972,0.932,0.513,0.142,0.079,0.057,0.046,0.039,0.034,0.031,0.029,0.027,0.026,0.025,0.024,0.024]

CoefkD8 =1[0.917,0.762,0.604,0.474,0.378,0.31,0.261,0.227,0.202,0.183,0.169,0.158,0.15,0.144,0.14,0.137,0.135;

0.943,0.771,0.589,0.445,0.344,0.276,0.23,0.198,0.176,0.159,0.147,0.137,0.13,0.125,0.121,0.118,0.117;
0.969,0.783,0.578,0.422,0.318,0.251,0.208,0.178,0.158,0.143,0.132,0.123,0.117,0.112,0.108,0.106,0.105;
0.993,0.796,0.571,0.404,0.297,0.232,0.191,0.163,0.144,0.13,0.12,0.112,0.107,0.102,0.099,0.097,0.095;
1.015,0.811,0.565,0.388,0.281,0.217,0.177,0.152,0.134,0.121,0.111,0.104,0.099,0.095,0.092,0.09,0.088;
1.034,0.825,0.561,0.375,0.266,0.204,0.166,0.142,0.125,0.113,0.104,0.097,0.092,0.088,0.086,0.084,0.083;
1.05,0.84,0.557,0.363,0.254,0.193,0.157,0.134,0.118,0.107,0.098,0.092,0.087,0.083,0.081,0.079,0.078;
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1.062,0.854,0.554,0.352,0.243,0.184,0.149,0.127,0.112,0.10,0.093,0.087,0.083,0.079,0.077,0.075,0.074;
1.077,0.882,0.549,0.334,0.225,0.169,0.137,0.116,0.102,0.092,0.085,0.08,0.075,0.072,0.07,0.068,0.068;
1.078,0.909,0.545,0.319,0.211,0.157,0.127,0.108,0.095,0.086,0.079,0.074,0.07,0.067,0.065,0.063,0.063;
1.068,0.934,0.542,0.306,0.199,0.147,0.119,0.101,0.089,0.08,0.074,0.069,0.065,0.063,0.061,0.059,0.059;
1.049,0.958,0.539,0.294,0.188,0.139,0.112,0.095,0.084,0.075,0.069,0.065,0.062,0.059,0.057,0.056,0.055;
1.025,0.98,0.537,0.284,0.179,0.132,0.106,0.09,0.079,0.072,0.066,0.062,0.058,0.056,0.054,0.053,0.052;
0.975,1.02,0.534,0.266,0.165,0.121,0.097,0.082,0.072,0.065,0.06,0.056,0.053,0.051,0.049,0.048,0.048;
0.945,1.053,0.531,0.251,0.153,0.112,0.09,0.076,0.067,0.061,0.056,0.052,0.049,0.047,0.046,0.045,0.044;
0.95,1.08,0.529,0.239,0.144,0.105,0.084,0.071,0.063,0.057,0.052,0.049,0.046,0.044,0.043,0.042,0.041;
0.982,1.101,0.527,0.228,0.136,0.099,0.079,0.067,0.059,0.053,0.049,0.046,0.044,0.042,0.04,0.04,0.03;
1.02,1.117,0.526,0.219,0.129,0.094,0.075,0.064,0.056,0.051,0.047,0.044,0.041,0.04,0.038,0.037,0.037;
1.033,1.133,0.523,0.199,0.116,0.084,0.067,0.057,0.05,0.045,0.042,0.039,0.037,0.035,0.034,0.034,0.033;
0.964,0.119,0.521,0.184,0.106,0.077,0.061,0.052,0.046,0.041,0.038,0.036,0.034,0.032,0.031,0.031,0.03;
0.995,1.083,0.519,0.172,0.098,0.071,0.057,0.048,0.042,0.038,0.035,0.033,0.031,0.03,0.029,0.028,0.028;
1.035,1.033,0.518,0.162,0.092,0.066,0.053,0.045,0.04,0.036,0.033,0.031,0.029,0.028,0.027,0.027,0.026;
0.979,0.934,0.516,0.146,0.082,0.059,0.048,0.04,0.036,0.032,0.029,0.028,0.026,0.025,0.024,0.024,0.023]

CoefKD10 = [0.961,0.855,0.724,0.598,0.492,0.408,0.345,0.298,0.263,0.237,0.217,0.202,0.191,0.182,0.176,0.172,0.169;
1.002,0.893,0.734,0.579,0.454,0.362,0.297,0.252,0.219,0.196,0.179,0.166,0.156,0.149,0.144,0.141,0.139;
1.034,0.933,0.49,0.567,0.427,0.33,0.265,0.222,0.192,0.171,0.155,0.144,0.136,0.129,0.125,0.122,0.12;
1.054,0.97,0.765,0.56,0.406,0.306,0.242,0.2,0.173,0.153,0.139,0.129,0.121,0.116,0.112,0.109,0.108;
1.061,1.003,0.783,0.554,0.389,0.286,0.223,0.184,0.158,0.14,0.127,0.118,0.111,0.106,0.102,0.1,0.098;
1.055,1.032,0.8,0.55,0.375,0.27,0.209,0.171,0.147,0.13,0.118,0.109,0.103,0.098,0.095,0.092,0.091;
1.041,1.056,0.817,0.546,0.362,0.256,0.196,0.16,0.137,0.122,0.11,0.102,0.096,0.092,0.088,0.086,0.085;
1.02,1.075,0.833,0.544,0.351,0.245,0.186,0.152,0.13,0.115,0.104,0.096,0.091,0.086,0.083,0.081,0.08;
0.998,1.09,0.849,0.541,0.341,0.234,0.177,0.144,0.123,0.109,0.099,0.091,0.086,0.082,0.079,0.077,0.076;
0.963,1.106,0.88,0.537,0.324,0.217,0.163,0.132,0.112,0.099,0.09,0.083,0.079,0.075,0.072,0.07,0.069;
0.958,1.105,0.909,0.535,0.309,0.203,0.151,0.122,0.104,0.092,0.084,0.077,0.073,0.069,0.067,0.065,0.064;
0.982,1.09,0.936,0.532,0.297,0.192,0.142,0.114,0.097,0.086,0.078,0.072,0.068,0.065,0.063,0.061,0.06;
1.015,1.064,0.961,0.53,0.285,0.182,0.134,0.108,0.092,0.081,0.074,0.068,0.064,0.061,0.059,0.058,0.057;
1.035,1.031,0.985,0.529,0.276,0.173,0.127,0.102,0.087,0.077,0.07,0.065,0.061,0.058,0.056,0.055,0.054;
1.007,0.965,1.026,0.526,0.259,0.159,0.116,0.094,0.08,0.07,0.064,0.059,0.056,0.053,0.051,0.05,0.049;
0.969,0.926,1.061,0.524,0.244,0.148,0.108,0.087,0.074,0.065,0.059,0.055,0.051,0.049,0.047,0.046,0.045;
1.002,0.935,1.089,0.522,0.232,0.139,0.101,0.01,0.069,0.061,0.055,0.051,0.048,0.046,0.044,0.043,0.043;
1.028,0.978,1.111,0.521,0.222,0.131,0.095,0.076,0.065,0.057,0.052,0.048,0.045,0.043,0.042,0.041,0.04;
0.993,1.028,1.127,0.52,0.213,0.125,0.09,0.073,0.062,0.055,0.049,0.046,0.043,0.041,0.035,0.039,0.038;
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1.023,1.044,1.143,0.518,0.194,0.11,0.081,0.065,0.055,0.049,0.044,0.041,0.038,0.037,0.035,0.035,0.034;
0.986,0.952,1.127,0.516,0.179,0.102,0.074,0.059,0.05,0.045,0.04,0.037,0.035,0.033,0.032,0.032,0.031;
0.993,0.994,1.088,0.515,0.167,0.095,0.068,0.055,0.047,0.041,0.037,0.035,0.033,0.031,0.03,0.029,0.029;
1.019,1.046,1.035,0.514,0.158,0.089,0.064,0.051,0.044,0.039,0.035,0.032,0.03,0.029,0.028,0.027,0.027;
0.993,0.972,0.932,0.513,0.142,0.079,0.057,0.046,0.039,0.034,0.031,0.029,0.027,0.026,0.025,0.024,0.024]

CoefKD12 =[1.03,1.029,0.981,0.895,0.788,0.679,0.579,0.493,0.424,0.37,0.328,0.27,0.273,0.256,0.243,0.235,0.23;
1.033,1.043,1.002,0.914,0.8,0.682,0.573,0.482,0.41,0.354,0.312,0.281,0.257,0.241,0.229,0.221,0.216;
1.033,1.054,1.021,0.932,0.812,0.685,0.569,0.473,0.397,0.34,0.298,0.267,0.244,0.228,0.216,0.209,0.204;
1.028,1.06,1.037,0.9,0.823,0.688,0.565,0.464,0.386,0.328,0.286,0.255,0.233,0.217,0.206,0.198,0.194;
0.986,1.042,1.086,1.026,0.881,0.708,0.552,0.431,0.344,0.283,0.242,0.213,0.193,0.179,0.169,0.163,0.159;
0.98,0.983,1.08,1.079,0.933,0.729,0.545,0.407,0.314,0.253,0.213,0.186,0.168,0.155,0.147,0.141,0.138;
1.013,0.954,1.036,1.107,0.979,0.751,0.54,0.389,0.291,0.231,0.193,0.168,0.151,0.139,0.132,0.126,0.124;
1.016,0.981,0.98,1.112,1.019,0.771,0.536,0.373,0.273,0.213,0.177,0.153,0.0138,0.127,0.12,0.116,0.113;
0.988,1.025,0.942,1.099,1.052,0.791,0.533,0.36,0.258,0.199,0.164,0.142,0.128,0.118,0.111,0.107,0.105;
0.987,1.036,0.939,1.07,1.08,0.81,0.531,0.348,0.245,0.188,0.154,0.133,0.12,0.11,0.104,0.1,0.098;
1.011,1.008,0.969,1.032,1.101,0.829,0.529,0.338,0.234,0.178,0.146,0.126,0.113,0.104,0.098,0.094,0.092;
1.012,0.973,1.011,0.992,1.117,0.846,0.528,0.328,0.224,0.169,0.139,0.12,0.107,0.099,0.093,0.09,0.088;
0.989,1.002,1.052,0.931,1.133,0.8,0.525,0.312,0.208,0.156,0.127,0.109,0.098,0.09,0.085,0.082,0.08;
1.01,1.021,1.001,0.925,1.129,0.911,0.523,0.298,0.195,0.145,0.118,0.101,0.091,0.084,0.079,0.076,0.074;
0.991,0.974,0.955,0.971,1.109,0.939,0.522,0.286,0.183,0.136,0.11,0.095,0.085,0.078,0.074,0.071,0.069;
1.009,1.013,0.993,1.03,1.077,0.966,0.52,0.276,0.174,0.128,0.104,0.089,0.08,0.074,0.069,0.067,0.065;
0.992,1.009,1.039,1.063,1.037,0.99,0.519,0.266,0.166,0.122,0.099,0.085,0.076,0.07,0.066,0.063,0.062;
0.993,1.018,0.967,1.012,0.955,1.034,0.518,0.25,0.152,0.111,0.09,0.077,0.069,0.064,0.06,0.058,0.057;
0.993,0.985,1.027,0.944,0.909,1.07,0.516,0.237,0.142,0.103,0.083,0.072,0.064,0.059,0.056,0.054,0.052;
0.994,0.99,0.979,1.005,0.921,1.099,0.515,0.225,0.133,0.097,0.078,0.067,0.06,0.055,0.052,0.05,0.049;
0.994,1.017,1.015,1.049,0.975,1.122,0.514,0.215,0.126,0.091,0.074,0.063,0.057,0.052,0.049,0.047,0.046;
0.994,1.002,0.992,0.987,1.036,1.138,0.514,0.206,0.12,0.086,0.07,0.06,0.054,0.049,0.047,0.045,0.044;
1.005,0.986,0.975,1.041,1.053,1.153,0.512,0.188,0.107,0.077,0.062,0.054,0.048,0.044,0.042,0.04,0.039;
0.995,0.993,0.985,0.976,0.41,1.136,0.511,0.174,0.098,0.071,0.057,0.049,0.044,0.04,0.038,0.037,0.036;
1.004,1.009,1.008,0.987,0.994,1.094,0.51,0.162,0.091,0.065,0.053,0.045,0.041,0.037,0.035,0.034,0.033;
0.996,1.01,1.02,1.033,1.057,1.037,0.51,0.153,0.085,0.061,0.049,0.042,0.038,0.035,0.033,0.032,0.031,
0.996,0.989,0.992,0.988,0.967,0.927,0.509,0.138,0.076,0.055,0.044,0.038,0.034,0.031,0.032,0.028,0.028]

CoefkD15 = [1.027,1.05,1.038,0.982,0.892,0.784,0.675,0.575,0.491,0.423,0.37,0.33,0.299,0.277,0.262,0.252,0.246;
1.021,1.054,1.055,1.005,0.912,0.796,0.677,0.57,0.48,0.409,0.354,0.313,0.283,0.262,0.246,0.236,0.231,



8/06/14 0:24 C:\Users\Merche\Documents\MATLAB\AGITACION2.m 7 of 10

1.012,1.052,1.067,1.026,0.932,0.808,0.681,0.565,0.47,0.396,0.34,0.299,0.27,0.248,0.233,0.224,0.218;
1.002,1.044,1.075,1.044,0.951,0.821,0.684,0.562,0.462,0.385,0.328,0.287,0.258,0.237,0.222,0.213,0.207;
0.982,0.977,1.051,1.095,1.03,0.88,0.705,0.55,0.429,0.343,0.283,0.243,0.215,0.196,0.183,0.175,0.17,
1.016,0.97,0.979,1.087,1.084,0.933,0.728,0.543,0.406,0.313,0.253,0.214,0.188,0.171,0.159,0.152,0.148;
1,1.021,0.944,1.039,1.112,0.98,0.749,0.538,0.987,0.291,0.231,0.193,0.169,0.153,0.143,0.136,0.132;
0.987,1.025,0.978,0.978,1.118,1.02,0.77,0.534,0.372,0.272,0.213,0.178,0.155,0.14,0.13,0.124,0.121,
1.012,0.982,0.031,0.936,1.103,1.054,0.79,0.532,0.658,0.257,0.199,0.165,0.144,0.13,0.121,0.115,0.112;
1,0.949,1.044,0.934,1.073,1.082,0.81,0.53,0.347,0.244,0.188,0.155,0.135,0.122,0.113,0.108,0.105;
0.989,1.017,1.009,0.967,1.034,1.104,0.828,0.528,0.337,0.233,0.178,0.146,0.127,0.115,0.107,0.102,0.099;
1.01,1.019,0.986,1.013,0.992,1.12,0.846,0.526,0.327,0.224,0.169,0.139,0.121,0.109,0.101,0.096,0.094;
0.99,0.983,1.003,1.057,0.928,1.136,0.88,0.524,0.311,0.207,0.156,0.127,0.11,0.099,0.092,0.088,0.086;
1.002,1.016,1.026,1.001,0.922,1.132,0.911,0.522,0.297,0.19,0.145,0.118,0.102,0.092,0.086,0.081,0.079;
1.007,0.986,0.968,0.951,0.971,1.111,0.94,0.521,0.285,0.183,0.136,0.11,0.096,0.086,0.08,0.076,0.074;
0.992,1.014,1.015,0.993,1.032,1.078,0.966,0.519,0.275,0.174,0.128,0.104,0.09,0.081,0.075,0.072,0.07;
1.003,0.987,1.011,1.043,1.066,1.037,0.991,0.518,0.266,0.165,0.122,0.099,0.086,0.077,0.072,0.068,0.066;
0.992,0.988,1.022,0.964,1.013,0.954,1.035,0.517,0.249,0.152,0.111,0.09,0.078,0.07,0.065,0.062,0.061;
1.004,0.989,0.983,1.03,0.942,0.907,1.071,0.516,0.236,0.141,0.103,0.084,0.072,0.065,0.061,0.058,0.056;
1.004,0.99,0.988,0.977,1.005,0.919,1.1,0.515,0.224,0.133,0.097,0.078,0.068,0.061,0.057,0.054,0.052;
0.994,0.991,1.02,1.017,1.051,0.975,1.123,0.514,0.214,0.125,0.091,0.074,0.064,0.057,0.053,0.051,0.049;
1.001,0.991,1.002,0.991,0.987,1.037,1.139,0.513,0.206,0.119,0.086,0.07,0.061,0.055,0.051,0.048,0.047;
1.005,1.008,0.983,0.972,1.043,1.054,1.154,0.512,0.187,0.107,0.077,0.063,0.054,0.049,0.045,0.043,0.042;
0.997,0.993,0.991,0.984,0.975,0.94,1.136,0.511,0.173,0.098,0.071,0.057,0.049,0.045,0.041,0.039,0.038;
0.997,1.007,0.011,1.009,0.987,0.994,1.094,0.51,0.162,0.091,0.065,0.053,0.046,0.041,0.038,0.036,0.035;
1.004,0.994,1.012,1.022,1.034,1.058,1.037,0.509,0.153,0.085,0.061,0.05,0.043,0.039,0.036,0.034,0.033;
0.996,0.994,0.987,0.992,0.987,0.966,0.926,0.508,0.138,0.076,0.055,0.044,0.038,0.034,0.032,0.31,0.03]

CoefKD18 = [0.805,0.65,0.531,0.442,0.375,0.325,0.287,0.258,0.236,0.218,0.204,0.193,0.185,0.178,0.174,0.17,0.168;
0.797,0.637,0.516,0.426,0.36,0.311,0.274,0.246,0.224,0.207,0.194,0.184,0.176,0.169,0.165,0.162,0.16;
0.865,0.585,0.456,0.367,0.304,0.26,0.227,0.203,0.185,0.17,0.159,0.151,0.144,0.139,0.135,0.132,0.131;
0.741,0.547,0.415,0.327,0.268,0.227,0.198,0.177,0.16,0.148,0.138,0.131,0.125,0.12,0.117,0.115,0.113;
0.722,0.517,0.383,0.298,0.242,0.204,0.178,0.158,0.144,0.132,0.124,0.117,0.112,0.108,0.105,0.103,0.101,
0.706,0.492,0.358,0.275,0.222,0.187,0.163,0.145,0.131,0.121,0.113,0.107,0.102,0.08,0.095,0.094,0.093;
0.693,0.472,0.337,0.257,0.207,0.174,0.151,0.134,0.122,0.112,0.105,0.099,0.094,0.091,0.088,0.087,0.086;
0.683,0.454,0.319,0.241,0.194,0.163,0.141,0.125,0.114,0.105,0.098,0.092,0.088,0.085,0.083,0.081,0.08;
0.673,0.438,0.304,0.229,0.183,0.154,0.133,0.118,0.107,0.099,0.092,0.087,0.083,0.08,0.078,0.076,0.076;
0.665,0.424,0.291,0.218,0.174,0.146,0.126,0.112,0.102,0.094,0.088,0.08,0.079,0.076,0.074,0.073,0.072;
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0.651,0.40,0.269,0.2,0.159,0.133,0.115,0.103,0.093,0.086,0.08,0.075,0.072,0.069,0.068,0.066,0.065;
0.64,0.381,0.251,0.185,0.148,0.123,0.107,0.095,0.086,0.079,0.074,0.07,0.067,0.064,0.063,0.061,0.061;
0.631,0.364,0.237,0.174,0.138,0.115,0.1,0.089,0.08,0.074,0.069,0.065,0.062,0.06,0.059,0.057,0.057,;
0.623,0.349,0.224,0.164,0.13,0.109,0.094,0.084,0.076,0.07,0.065,0.062,0.059,0.057,0.055,0.054,0.053;
0.616,0.336,0.214,0.156,0.24,0.103,0.089,0.079,0.072,0.066,0.062,0.058,0.056,0.054,0.052,0.051,0.051;
0.606,0.314,0.196,0.143,0.113,0.094,0.082,0.073,0.066,0.061,0.057,0.053,0.051,0.049,0.048,0.047,0.046;
0.597,0.296,0.182,0.132,0.105,0.087,0.076,0.067,0.061,0.056,0.052,0.049,0.047,0.045,0.044,0.043,0.043,;
0.59,0.28,0.171,0.124,0.098,0.082,0.071,0.063,0.057,0.052,0.049,0.046,0.044,0.043,0.041,0.041,0.04;
0.585,0.267,0.162,0.117,0.09,0.077,0.067,0.059,0.054,0.049,0.046,0.044,0.042,0.04,0.039,0.038,0.038;
0.58,0.256,0.153,0.111,0.088,0.073,0.063,0.056,0.051,0.047,0.044,0.041,0.039,0.038,0.037,0.036,0.036;
0.571,0.233,0.138,0.09,0.078,0.065,0.057,0.05,0.046,0.042,0.039,0.037,0.035,0.034,0.033,0.032,0.032;
0.564,0.215,0.126,0.09,0.072,0.06,0.052,0.046,0.042,0.038,0.036,0.034,0.032,0.031,0.03,0.03,0.029;
0.559,0.2,0.117,0.084,0.066,0.055,0.048,0.042,0.038,0.035,0.033,0.031,0.03,0.029,0.028,0.027,0.027,
0.555,0.188,0.109,0.078,0.062,0.052,0.045,0.04,0.036,0.033,0.031,0.029,0.028,0.027,0.026,0.026,0.025;
0.549,0.17,0.098,0.07,0.055,0.046,0.04,0.036,0.032,0.03,0.028,0.026,0.025,0.024,0.023,0.023,0.023]

CoefKD20 = [0.861,0.742,0.644,0.563,0.497,0.444,0.401,0.367,0.339,0.316,0.298,0.283,0.271,0.262,0.256,0.251,0.248;
0.847,0.719,0.614,0.53,0.463,0.41,0.368,0.335,0.308,0.286,0.269,0.256,0.245,0.237,0.23,0.226,0.224;
0.835,0.698,0.589,0.503,0.436,0.383,0.342,0.31,0.284,0.264,0.248,0.235,0.225,0.217,0.211,0.207,0.205;
0.824,0.68,0.567,0.48,0.412,0.361,0.321,0.289,0.265,0.246,0.23,0.218,0.209,0.201,0.196,0.192,0.19;
0.814,0.664,0.548,0.46,0.393,0.342,0.303,0.273,0.249,0.231,0.216,0.205,0.196,0.189,0.184,0.18,0.178;
0.805,0.65,0.531,0.442,0.375,0.325,0.287,0.258,0.236,0.218,0.204,0.193,0.185,0.178,0.174,0.17,0.168;
0.797,0.637,0.516,0.426,0.36,0.311,0.274,0.246,0.224,0.207,0.194,0.184,0.176,0.169,0.165,0.162,0.16;
0.865,0.585,0.456,0.367,0.304,0.26,0.227,0.203,0.185,0.17,0.159,0.151,0.144,0.139,0.135,0.132,0.131;
0.741,0.547,0.415,0.327,0.268,0.227,0.198,0.177,0.16,0.148,0.138,0.131,0.125,0.12,0.117,0.115,0.113;
0.722,0.517,0.383,0.298,0.242,0.204,0.178,0.158,0.144,0.132,0.124,0.117,0.112,0.108,0.105,0.103,0.101,
0.706,0.492,0.358,0.275,0.222,0.187,0.163,0.145,0.131,0.121,0.113,0.107,0.102,0.08,0.095,0.094,0.093;
0.693,0.472,0.337,0.257,0.207,0.174,0.151,0.134,0.122,0.112,0.105,0.099,0.094,0.091,0.088,0.087,0.086;
0.683,0.454,0.319,0.241,0.194,0.163,0.141,0.125,0.114,0.105,0.098,0.092,0.088,0.085,0.083,0.081,0.08;
0.673,0.438,0.304,0.229,0.183,0.154,0.133,0.118,0.107,0.099,0.092,0.087,0.083,0.08,0.078,0.076,0.076;
0.665,0.424,0.291,0.218,0.174,0.146,0.126,0.112,0.102,0.094,0.088,0.08,0.079,0.076,0.074,0.073,0.072;
0.651,0.40,0.269,0.2,0.159,0.133,0.115,0.103,0.093,0.086,0.08,0.075,0.072,0.069,0.068,0.066,0.065;
0.64,0.381,0.251,0.185,0.148,0.123,0.107,0.095,0.086,0.079,0.074,0.07,0.067,0.064,0.063,0.061,0.061,
0.631,0.364,0.237,0.174,0.138,0.115,0.1,0.089,0.08,0.074,0.069,0.065,0.062,0.06,0.059,0.057,0.057;
0.623,0.349,0.224,0.164,0.13,0.109,0.094,0.084,0.076,0.07,0.065,0.062,0.059,0.057,0.055,0.054,0.053;
0.616,0.336,0.214,0.156,0.24,0.103,0.089,0.079,0.072,0.066,0.062,0.058,0.056,0.054,0.052,0.051,0.051;
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0.606,0.314,0.196,0.143,0.113,0.094,0.082,0.073,0.066,0.061,0.057,0.053,0.051,0.049,0.048,0.047,0.046;
0.597,0.296,0.182,0.132,0.105,0.087,0.076,0.067,0.061,0.056,0.052,0.049,0.047,0.045,0.044,0.043,0.043,;
0.59,0.28,0.171,0.124,0.098,0.082,0.071,0.063,0.057,0.052,0.049,0.046,0.044,0.043,0.041,0.041,0.04;
0.585,0.267,0.162,0.117,0.09,0.077,0.067,0.059,0.054,0.049,0.046,0.044,0.042,0.04,0.039,0.038,0.038;
0.58,0.256,0.153,0.111,0.088,0.073,0.063,0.056,0.051,0.047,0.044,0.041,0.039,0.038,0.037,0.036,0.036;
0.571,0.233,0.138,0.09,0.078,0.065,0.057,0.05,0.046,0.042,0.039,0.037,0.035,0.034,0.033,0.032,0.032;
0.564,0.215,0.126,0.09,0.072,0.06,0.052,0.046,0.042,0.038,0.036,0.034,0.032,0.031,0.03,0.03,0.029;
0.559,0.2,0.117,0.084,0.066,0.055,0.048,0.042,0.038,0.035,0.033,0.031,0.03,0.029,0.028,0.027,0.027;
0.555,0.188,0.109,0.078,0.062,0.052,0.045,0.04,0.036,0.033,0.031,0.029,0.028,0.027,0.026,0.026,0.025;
0.549,0.17,0.098,0.07,0.055,0.046,0.04,0.036,0.032,0.03,0.028,0.026,0.025,0.024,0.023,0.023,0.023]

[Anga6,RLa6] = meshgrid(Ang,RL6)

[Anga8,RLa8] = meshgrid(Ang,RL8)

[Angal0,RLal0] = meshgrid(Ang,RL10)
[Angal2,RLal2] = meshgrid(Ang,RL12)
[Angal5,RLal5] = meshgrid(Ang,RL15)
[Angal8,RLal8] = meshgrid(Ang,RL18)
[Anga20,RLa20] = meshgrid(Ang,RL20)

KDi6=griddata(Anga6,RLa6,CoefKD6,Angi,R6LB, ‘nearest’  );

KDi8= griddata(Anga8,RLa8,CoefKD8,Angi,R8LB, 'nearest’  );

KDil0= griddata(Angal0,RLa10,CoefKD10,Angi,R10LB, 'nearest’ );
KDil2= griddata(Angal2,RLal12,CoefKD12,Angi,R12LB, ‘nearest’  );
KDil5= griddata(Angal5,RLal5,CoefKD15,Angi,R15LB, 'nearest’  );
KDil18 =griddata(Angal8,RLal18,CoefKD18,Angi,R18LB, ‘nearest’  );
KDi20= griddata(Anga20,RLa20,CoefKD20,Angi,R20LB, 'nearest'  );

%% Calculo las alturas

H6=HBAux.*CoefAux1.*KDi6;
H8=HBAIx.*CoefAux1.*KDi8;
H10=HBAux.*CoefAux1.*KDi10;
H12=HBAux.*CoefAux1.*KDil12;
H15=HBAux.*CoefAux1.*KDi15;
H18=HBAux.*CoefAux1.*KDil8;
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H20=HBAux.*CoefAux1.*KDi20;



ANEXO AGITACION 3
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%% AGITACION ALTERNATIVA 3
%% Previamente se han cargado los vectores guardados previamente

%% Agitacion Auxiliar 1

%Introduzco los datos
RL1=[0.5,0.6,0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6 , 7,8,9,10,12,14,16,18,20,25,30,40];

R1LB=122./LBAuX;
Angi=DirBAux;

%Limito los RL a las tablas con maximos = 50;
n=find(R1LB>50);
R1 LB(n)=50;

%Cambio los angulos a la nueva referencia
for (i=1:length(Angi))
i
if (Angi(i)>0 && Angi(i)<85)
Angi(i)=19+90+Angi(i);
else if (Angi(i)>280 && Angi(i)<360)
Angi(i)=19+90-(360-(Angi(i)));
end
end
end

%H4dlo el coeficiente auxiliar 1
CoefKD1=[0.925,0.831,0.734,0.641,0.559,0.49,0.433,0.3 86,0.349,0.32,0.296,0.278,0.264,0.253,0.245,0.24,0.237;
0.93,0.833,0.72,0.629,0.541,0.468,0.409,0.362,0.325,0.296,0.274,0.256,0.243,0.233,0.225,0.22,0.217;
0.937,0.837,0.725,0.619,0.526,0.45,0.39,0.342,0.306,0.277,0.256,0.239,0.226,0.216,0.209,0.204,0.201;
0.945,0.842,0.724,0.611,0.513,0.434,0.373,0.325,0.289,0.262,0.241,0.224,0.212,0.203,0.196,0.192,0.189;
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0.953,0.848,0.724,0.604,0.502,0.421,0.358,0.311,0.275,0.248,0.228,0.212,0.2,0.192,0.185,0.181,0.178;
0.961,0.855,0.724,0.598,0.492,0.408,0.345,0.298,0.263,0.237,0.217,0.202,0.191,0.182,0.176,0.172,0.169;
1.002,0.893,0.734,0.579,0.454,0.362,0.297,0.252,0.219,0.196,0.179,0.166,0.156,0.149,0.144,0.141,0.139;
1.034,0.933,0.49,0.567,0.427,0.33,0.265,0.222,0.192,0.171,0.155,0.144,0.136,0.129,0.125,0.122,0.12;
1.054,0.97,0.765,0.56,0.406,0.306,0.242,0.2,0.173,0.153,0.139,0.129,0.121,0.116,0.112,0.109,0.108;
1.061,1.003,0.783,0.554,0.389,0.286,0.223,0.184,0.158,0.14,0.127,0.118,0.111,0.106,0.102,0.1,0.098;
1.055,1.032,0.8,0.55,0.375,0.27,0.209,0.171,0.147,0.13,0.118,0.109,0.103,0.098,0.095,0.092,0.091;
1.041,1.056,0.817,0.546,0.362,0.256,0.196,0.16,0.137,0.122,0.11,0.102,0.096,0.092,0.088,0.086,0.085;
1.02,1.075,0.833,0.544,0.351,0.245,0.186,0.152,0.13,0.115,0.104,0.096,0.091,0.086,0.083,0.081,0.08;
0.998,1.09,0.849,0.541,0.341,0.234,0.177,0.144,0.123,0.109,0.099,0.091,0.086,0.082,0.079,0.077,0.076;
0.963,1.106,0.88,0.537,0.324,0.217,0.163,0.132,0.112,0.099,0.09,0.083,0.079,0.075,0.072,0.07,0.069;
0.958,1.105,0.909,0.535,0.309,0.203,0.151,0.122,0.104,0.092,0.084,0.077,0.073,0.069,0.067,0.065,0.064;
0.982,1.09,0.936,0.532,0.297,0.192,0.142,0.114,0.097,0.086,0.078,0.072,0.068,0.065,0.063,0.061,0.06;
1.015,1.064,0.961,0.53,0.285,0.182,0.134,0.108,0.092,0.081,0.074,0.068,0.064,0.061,0.059,0.058,0.057;
1.035,1.031,0.985,0.529,0.276,0.173,0.127,0.102,0.087,0.077,0.07,0.065,0.061,0.058,0.056,0.055,0.054;
1.007,0.965,1.026,0.526,0.259,0.159,0.116,0.094,0.08,0.07,0.064,0.059,0.056,0.053,0.051,0.05,0.049;
0.969,0.926,1.061,0.524,0.244,0.148,0.108,0.087,0.074,0.065,0.059,0.055,0.051,0.049,0.047,0.046,0.045;
1.002,0.935,1.089,0.522,0.232,0.139,0.101,0.01,0.069,0.061,0.055,0.051,0.048,0.046,0.044,0.043,0.043;
1.028,0.978,1.111,0.521,0.222,0.131,0.095,0.076,0.065,0.057,0.052,0.048,0.045,0.043,0.042,0.041,0.04;
0.993,1.028,1.127,0.52,0.213,0.125,0.09,0.073,0.062,0.055,0.049,0.046,0.043,0.041,0.035,0.039,0.038;
1.023,1.044,1.143,0.518,0.194,0.11,0.081,0.065,0.055,0.049,0.044,0.041,0.038,0.037,0.035,0.035,0.034;
0.993,0.994,1.088,0.515,0.167,0.095,0.068,0.055,0.047,0.041,0.037,0.035,0.033,0.031,0.03,0.029,0.029;
1.019,1.046,1.035,0.514,0.158,0.089,0.064,0.051,0.044,0.039,0.035,0.032,0.03,0.029,0.028,0.027,0.027]

CoefAux1l=sum(sum(CoefKD1))/(17*27);

%% Agitacion Auxiliar 2

%Introduzco los datos
RL2=[0.4,0.5,0.6,0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5 , 5,6,7,8,9,10,12,14,16,18,20,25,30];

R2LB=98./LBAuX;

Angi=DirBAux;
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%Limito los RL a las tablas con maximos = 50;
n=find(R2LB>50);

R2

LB(n)=50;

%Hallo el coeficiente auxiliar 1

CoefkD2=[0.921,0.832,0.742,0.658,0.582,0.517,0.462,0

0.925,0.831,0.734,0.641,0.559,0.49,0.433,0.386,0.349,0.32,0.296,0.278,0.264,0.253,0.245,0.24,0.237,
0.93,0.833,0.72,0.629,0.541,0.468,0.409,0.362,0.325,0.296,0.274,0.256,0.243,0.233,0.225,0.22,0.217;
0.937,0.837,0.725,0.619,0.526,0.45,0.39,0.342,0.306,0.277,0.256,0.239,0.226,0.216,0.209,0.204,0.201,
0.945,0.842,0.724,0.611,0.513,0.434,0.373,0.325,0.289,0.262,0.241,0.224,0.212,0.203,0.196,0.192,0.189;
0.953,0.848,0.724,0.604,0.502,0.421,0.358,0.311,0.275,0.248,0.228,0.212,0.2,0.192,0.185,0.181,0.178;
0.961,0.855,0.724,0.598,0.492,0.408,0.345,0.298,0.263,0.237,0.217,0.202,0.191,0.182,0.176,0.172,0.169;
1.002,0.893,0.734,0.579,0.454,0.362,0.297,0.252,0.219,0.196,0.179,0.166,0.156,0.149,0.144,0.141,0.139;
1.034,0.933,0.49,0.567,0.427,0.33,0.265,0.222,0.192,0.171,0.155,0.144,0.136,0.129,0.125,0.122,0.12;
1.054,0.97,0.765,0.56,0.406,0.306,0.242,0.2,0.173,0.153,0.139,0.129,0.121,0.116,0.112,0.109,0.108;
1.061,1.003,0.783,0.554,0.389,0.286,0.223,0.184,0.158,0.14,0.127,0.118,0.111,0.106,0.102,0.1,0.098;
1.055,1.032,0.8,0.55,0.375,0.27,0.209,0.171,0.147,0.13,0.118,0.109,0.103,0.098,0.095,0.092,0.091;
1.041,1.056,0.817,0.546,0.362,0.256,0.196,0.16,0.137,0.122,0.11,0.102,0.096,0.092,0.088,0.086,0.085;
1.02,1.075,0.833,0.544,0.351,0.245,0.186,0.152,0.13,0.115,0.104,0.096,0.091,0.086,0.083,0.081,0.08;
0.998,1.09,0.849,0.541,0.341,0.234,0.177,0.144,0.123,0.109,0.099,0.091,0.086,0.082,0.079,0.077,0.076;
0.963,1.106,0.88,0.537,0.324,0.217,0.163,0.132,0.112,0.099,0.09,0.083,0.079,0.075,0.072,0.07,0.069;
0.958,1.105,0.909,0.535,0.309,0.203,0.151,0.122,0.104,0.092,0.084,0.077,0.073,0.069,0.067,0.065,0.064;
0.982,1.09,0.936,0.532,0.297,0.192,0.142,0.114,0.097,0.086,0.078,0.072,0.068,0.065,0.063,0.061,0.06;
1.015,1.064,0.961,0.53,0.285,0.182,0.134,0.108,0.092,0.081,0.074,0.068,0.064,0.061,0.059,0.058,0.057;
1.035,1.031,0.985,0.529,0.276,0.173,0.127,0.102,0.087,0.077,0.07,0.065,0.061,0.058,0.056,0.055,0.054;
1.007,0.965,1.026,0.526,0.259,0.159,0.116,0.094,0.08,0.07,0.064,0.059,0.056,0.053,0.051,0.05,0.049;
0.969,0.926,1.061,0.524,0.244,0.148,0.108,0.087,0.074,0.065,0.059,0.055,0.051,0.049,0.047,0.046,0.045;
1.002,0.935,1.089,0.522,0.232,0.139,0.101,0.01,0.069,0.061,0.055,0.051,0.048,0.046,0.044,0.043,0.043;
1.028,0.978,1.111,0.521,0.222,0.131,0.095,0.076,0.065,0.057,0.052,0.048,0.045,0.043,0.042,0.041,0.04;
0.993,1.028,1.127,0.52,0.213,0.125,0.09,0.073,0.062,0.055,0.049,0.046,0.043,0.041,0.035,0.039,0.038;
1.023,1.044,1.143,0.518,0.194,0.11,0.081,0.065,0.055,0.049,0.044,0.041,0.038,0.037,0.035,0.035,0.034;
0.993,0.994,1.088,0.515,0.167,0.095,0.068,0.055,0.047,0.041,0.037,0.035,0.033,0.031,0.03,0.029,0.029;]

CoefAux2=sum(sum(CoefKD2))/(17*27);

. 416,0.38,0.35,0.326,0.307,0.292,0.28,0.272,0.266,0.262;
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%% Agitacion Auxiliar 3

%lntroduzco los datos
RL3=[1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,1 8,20,25,30,35,40,50];

R3LB=288./LBAuX;

Angi=DirBAux;

%Limito los RL a las tablas con maximos = 50;
n=find(R3LB>50);

R3

LB(n)=50;

%Hallo el coeficiente auxiliar 1

CoefKD3=[0.797,0.637,0.516,0.426,0.36,0.311,0.274,0.2

0.865,0.585,0.456,0.367,0.304,0.26,0.227,0.203,0.185,0.17,0.159,0.151,0.144,0.139,0.135,0.132,0.131,
0.741,0.547,0.415,0.327,0.268,0.227,0.198,0.177,0.16,0.148,0.138,0.131,0.125,0.12,0.117,0.115,0.113;
0.722,0.517,0.383,0.298,0.242,0.204,0.178,0.158,0.144,0.132,0.124,0.117,0.112,0.108,0.105,0.103,0.101;
0.706,0.492,0.358,0.275,0.222,0.187,0.163,0.145,0.131,0.121,0.113,0.107,0.102,0.08,0.095,0.094,0.093;
0.693,0.472,0.337,0.257,0.207,0.174,0.151,0.134,0.122,0.112,0.105,0.099,0.094,0.091,0.088,0.087,0.086;
0.683,0.454,0.319,0.241,0.194,0.163,0.141,0.125,0.114,0.105,0.098,0.092,0.088,0.085,0.083,0.081,0.08;
0.673,0.438,0.304,0.229,0.183,0.154,0.133,0.118,0.107,0.099,0.092,0.087,0.083,0.08,0.078,0.076,0.076;
0.665,0.424,0.291,0.218,0.174,0.146,0.126,0.112,0.102,0.094,0.088,0.08,0.079,0.076,0.074,0.073,0.072;
0.651,0.40,0.269,0.2,0.159,0.133,0.115,0.103,0.093,0.086,0.08,0.075,0.072,0.069,0.068,0.066,0.065;
0.64,0.381,0.251,0.185,0.148,0.123,0.107,0.095,0.086,0.079,0.074,0.07,0.067,0.064,0.063,0.061,0.061;
0.631,0.364,0.237,0.174,0.138,0.115,0.1,0.089,0.08,0.074,0.069,0.065,0.062,0.06,0.059,0.057,0.057,
0.623,0.349,0.224,0.164,0.13,0.109,0.094,0.084,0.076,0.07,0.065,0.062,0.059,0.057,0.055,0.054,0.053;
0.616,0.336,0.214,0.156,0.24,0.103,0.089,0.079,0.072,0.066,0.062,0.058,0.056,0.054,0.052,0.051,0.051;
0.606,0.314,0.196,0.143,0.113,0.094,0.082,0.073,0.066,0.061,0.057,0.053,0.051,0.049,0.048,0.047,0.046;
0.597,0.296,0.182,0.132,0.105,0.087,0.076,0.067,0.061,0.056,0.052,0.049,0.047,0.045,0.044,0.043,0.043,;
0.59,0.28,0.171,0.124,0.098,0.082,0.071,0.063,0.057,0.052,0.049,0.046,0.044,0.043,0.041,0.041,0.04,
0.585,0.267,0.162,0.117,0.09,0.077,0.067,0.059,0.054,0.049,0.046,0.044,0.042,0.04,0.039,0.038,0.038;
0.58,0.256,0.153,0.111,0.088,0.073,0.063,0.056,0.051,0.047,0.044,0.041,0.039,0.038,0.037,0.036,0.036;
0.571,0.233,0.138,0.09,0.078,0.065,0.057,0.05,0.046,0.042,0.039,0.037,0.035,0.034,0.033,0.032,0.032;

46,0.224,0.207,0.194,0.184,0.176,0.169,0.165,0.162,0.16;
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0.564,0.215,0.126,0.09,0.072,0.06,0.052,0.046,0.042,0.038,0.036,0.034,0.032,0.031,0.03,0.03,0.029;
0.559,0.2,0.117,0.084,0.066,0.055,0.048,0.042,0.038,0.035,0.033,0.031,0.03,0.029,0.028,0.027,0.027;
0.555,0.188,0.109,0.078,0.062,0.052,0.045,0.04,0.036,0.033,0.031,0.029,0.028,0.027,0.026,0.026,0.025;
0.549,0.17,0.098,0.07,0.055,0.046,0.04,0.036,0.032,0.03,0.028,0.026,0.025,0.024,0.023,0.023,0.023]

CoefAux3=sum(sum(CoefKD3))/(17*23);

%% Hago el programa para la Agitacion

R L6=[1,15,2,25,3,3.54,4.55,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

RL8 =[0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

RL10 =[0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

RL12 =[0.3,0.4,0.5,0.6,0.7,0.8,0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];
RL15=[0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

RL18 =[0.9,1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

RL20 =[1,1.5,2,2.5,3,3.5,4,4.5,5,6,7,8,9,10,12,14,16,18,20,25,30,35,40,50];

Ang =[10:10:170];

%lIntroduzco los datos

R6LB=293./LBAuX;

R8 LB=187./LBAuXx;
R10LB=177./LBAuX;
R12LB=80./LBAuX;
R15LB=209./LBAuX;
R18LB=210./LBAuX;
R20LB=209./LBAuX;

Angi=DirBAux;

%Limito los RL a las tablas con maximos = 50;
n=find(R6LB>50);
R 6LB(n)=50;
n=find(R8LB>50);
R8LB(n)=50;
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n=find(R10LB>50);
R10LB(n)=50
n=find(R12LB>50);
R12LB(n)=50;
n=find(R15LB>50);
R15LB(n)=50;
n=find(R18LB>50);
R18LB(n)=50;
n=find(R20LB>50);
R20LB(n)=50;

%Cambio los agulos a la nueva referencia
for (i=1:length(Angi))
i
if (Angi(i)>0 && Angi(i)<85)
Angi(i)=90+46+Angi(i);
else if (Angi(i)>280 && Angi(i)<360)
Angi(i)=Angi(i)-270+46;
end
end
end

%Introduzco las matrices correspondientes

CoefKD6 = [0.838,0.685,0.558,0.459,0.384,0.329,0.287,0.2 55,0.231,0.213,0.198,0.187,0.178,0.172,0.167,0.164,0.162;
0.828,0.653,0.51,0.405,0.33,0.277,0.239,0.211,0.11,0.175,0.163,0.153,0.146,0.141,0.137,0.134,0.132;
0.827,0.633,0.477,0.368,0.294,0.244,0.209,0.184,0.166,0.152,0.141,0.133,0.127,0.122,0.118,0.116,0.115;
0.83,0.618,0.452,0.34,0.268,0.22,0.188,0.165,0.149,0.136,0.126,0.119,0.113,0.109,0.106,0.104,0.103;
0.836,0.607,0.431,0.317,0.247,0.202,0.172,0.151,0.136,0.124,0.116,0.109,0.104,0.1,0.097,0.095,0.094,
0.844,0.599,0.414,0.299,0.231,0.188,0.16,0.14,0.126,0.115,0.107,0.101,0.096,0.092,0.09,0.088,0.087;
0.853,0.592,0.399,0.284,0.217,0.176,0.15,0.131,0.118,0.108,0.1,0.094,0.09,0.086,0.084,0.082,0.081,
0.863,0.586,0.386,0.27,0.206,0.167,0.141,0.124,0.111,0.102,0.094,0.089,0.085,0.081,0.079,0.077,0.076;
0.873,0.581,0.374,0.259,0.196,0.158,0.134,0.117,0.105,0.096,0.09,0.084,0.08,0.077,0.075,0.073,0.073;
0.893,0.574,0.354,0.24,0.18,0.145,0.123,0.107,0.096,0.088,0.082,0.077,0.073,0.07,0.068,0.067,0.066;
0.914,0.568,0.337,0.224,0.167,0.134,0.114,0.099,0.089,0.081,0.076,0.071,0.068,0.065,0.063,0.062,0.061,
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0.934,0.563,0.323,0.211,0.156,0.126,0.106,0.093,0.083,0.076,0.071,0.067,0.063,0.061,0.059,0.058,0.057;
0.953,0.559,0.31,0.2,0.148,0.119,0.1,0.088,0.079,0.072,0.067,0.063,0.06,0.058,0.056,0.055,0.054;
0.972,0.556,0.299,0.191,0.14,0.113,0.095,0.083,0.075,0.068,0.063,0.06,0.057,0.055,0.053,0.052,0.051,
1.006,0.551,0.28,0.175,0.128,0.103,0.087,0.076,0.068,0.062,0.058,0.054,0.052,0.05,0.048,0.047,0.047;
1.035,0.547,0.264,0.163,0.119,0.095,0.08,0.07,0.063,0.058,0.054,0.05,0.048,0.046,0.045,0.044,0.043;
1.059,0.543,0.251,0.153,0.111,0.089,0.075,0.066,0.059,0.054,0.05,0.047,0.045,0.043,0.042,0.041,0.041;
1.078,0.541,0.24,0.144,0.105,0.084,0.071,0.062,0.056,0.051,0.047,0.044,0.042,0.041,0.04,0.039,0.038;
1.093,0.539,0.23,0.137,0.1,0.08,0.067,0.059,0.053,0.048,0.045,0.042,0.04,0.03,0.037,0.037,0.036;
1.109,0.534,0.209,0.123,0.089,0.071,0.06,0.053,0.047,0.043,0.04,0.038,0.036,0.035,0.034,0.033,0.032;
1.099,0.531,0.193,0.112,0.081,0.065,0.055,0.048,0.043,0.039,0.037,0.034,0.033,0.032,0.031,0.03,0.03;
1.07,0.529,0.18,0.104,0.075,0.06,0.051,0.044,0.04,0.036,0.034,0.032,0.03,0.029,0.028,0.028,0.027;
1.029,0.527,0.17,0.097,0.071,0.056,0.048,0.042,0.037,0.034,0.032,0.03,0.028,0.027,0.027,0.026,0.026;
0.948,0.524,0.153,0.087,0.063,0.05,0.043,0.037,0.033,0.031,0.029,0.027,0.025,0.024,0.024,0.023,0.023]

CoefKD8 =[0.845,0.703,0.584,0.489,0.415,0.359,0.315,0.282,0.256,0.236,0.221,0.208,0.199,0.192,0.186,0.182,0.18;
0.841,0.694,0.57,0.473,0.399,0.343,0.3,0.268,0.243,0.224,0.209,0.197,0.188,0.181,0.176,0.172,0.17,
0.838,0.685,0.558,0.459,0.384,0.329,0.287,0.255,0.231,0.213,0.198,0.187,0.178,0.172,0.167,0.164,0.162;
0.828,0.653,0.51,0.405,0.33,0.277,0.239,0.211,0.11,0.175,0.163,0.153,0.146,0.141,0.137,0.134,0.132;
0.827,0.633,0.477,0.368,0.294,0.244,0.209,0.184,0.166,0.152,0.141,0.133,0.127,0.122,0.118,0.116,0.115;
0.83,0.618,0.452,0.34,0.268,0.22,0.188,0.165,0.149,0.136,0.126,0.119,0.113,0.109,0.106,0.104,0.103;
0.836,0.607,0.431,0.317,0.247,0.202,0.172,0.151,0.136,0.124,0.116,0.109,0.104,0.1,0.097,0.095,0.094;
0.844,0.599,0.414,0.299,0.231,0.188,0.16,0.14,0.126,0.115,0.107,0.101,0.096,0.092,0.09,0.088,0.087;
0.853,0.592,0.399,0.284,0.217,0.176,0.15,0.131,0.118,0.108,0.1,0.094,0.09,0.086,0.084,0.082,0.081,
0.863,0.586,0.386,0.27,0.206,0.167,0.141,0.124,0.111,0.102,0.094,0.089,0.085,0.081,0.079,0.077,0.076;
0.873,0.581,0.374,0.259,0.196,0.158,0.134,0.117,0.105,0.096,0.09,0.084,0.08,0.077,0.075,0.073,0.073;
0.893,0.574,0.354,0.24,0.18,0.145,0.123,0.107,0.096,0.088,0.082,0.077,0.073,0.07,0.068,0.067,0.066;
0.914,0.568,0.337,0.224,0.167,0.134,0.114,0.099,0.089,0.081,0.076,0.071,0.068,0.065,0.063,0.062,0.061,
0.934,0.563,0.323,0.211,0.156,0.126,0.106,0.093,0.083,0.076,0.071,0.067,0.063,0.061,0.059,0.058,0.057;
0.953,0.559,0.31,0.2,0.148,0.119,0.1,0.088,0.079,0.072,0.067,0.063,0.06,0.058,0.056,0.055,0.054;
0.972,0.556,0.299,0.191,0.14,0.113,0.095,0.083,0.075,0.068,0.063,0.06,0.057,0.055,0.053,0.052,0.051,
1.006,0.551,0.28,0.175,0.128,0.103,0.087,0.076,0.068,0.062,0.058,0.054,0.052,0.05,0.048,0.047,0.047;
1.035,0.547,0.264,0.163,0.119,0.095,0.08,0.07,0.063,0.058,0.054,0.05,0.048,0.046,0.045,0.044,0.043;
1.059,0.543,0.251,0.153,0.111,0.089,0.075,0.066,0.059,0.054,0.05,0.047,0.045,0.043,0.042,0.041,0.041;
1.078,0.541,0.24,0.144,0.105,0.084,0.071,0.062,0.056,0.051,0.047,0.044,0.042,0.041,0.04,0.039,0.038;
1.093,0.539,0.23,0.137,0.1,0.08,0.067,0.059,0.053,0.048,0.045,0.042,0.04,0.03,0.037,0.037,0.036;
1.109,0.534,0.209,0.123,0.089,0.071,0.06,0.053,0.047,0.043,0.04,0.038,0.036,0.035,0.034,0.033,0.032;
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1.099,0.531,0.193,0.112,0.081,0.065,0.055,0.048,0.043,0.039,0.037,0.034,0.033,0.032,0.031,0.03,0.03;
1.07,0.529,0.18,0.104,0.075,0.06,0.051,0.044,0.04,0.036,0.034,0.032,0.03,0.029,0.028,0.028,0.027;
1.029,0.527,0.17,0.097,0.071,0.056,0.048,0.042,0.037,0.034,0.032,0.03,0.028,0.027,0.027,0.026,0.026;
0.948,0.524,0.153,0.087,0.063,0.05,0.043,0.037,0.033,0.031,0.029,0.027,0.025,0.024,0.024,0.023,0.023]

CoefkKD10 = [1.033,1.043,1.002,0.914,0.8,0.682,0.573,0.482,0.41,0.354,0.312,0.281,0.257,0.241,0.229,0.221,0.216;
1.033,1.054,1.021,0.932,0.812,0.685,0.569,0.473,0.397,0.34,0.298,0.267,0.244,0.228,0.216,0.209,0.204;
1.028,1.06,1.037,0.9,0.823,0.688,0.565,0.464,0.386,0.328,0.286,0.255,0.233,0.217,0.206,0.198,0.194;
0.986,1.042,1.086,1.026,0.881,0.708,0.552,0.431,0.344,0.283,0.242,0.213,0.193,0.179,0.169,0.163,0.159;
0.98,0.983,1.08,1.079,0.933,0.729,0.545,0.407,0.314,0.253,0.213,0.186,0.168,0.155,0.147,0.141,0.138;
1.013,0.954,1.036,1.107,0.979,0.751,0.54,0.389,0.291,0.231,0.193,0.168,0.151,0.139,0.132,0.126,0.124;
1.016,0.981,0.98,1.112,1.019,0.771,0.536,0.373,0.273,0.213,0.177,0.153,0.0138,0.127,0.12,0.116,0.113;
0.988,1.025,0.942,1.099,1.052,0.791,0.533,0.36,0.258,0.199,0.164,0.142,0.128,0.118,0.111,0.107,0.105;
0.987,1.036,0.939,1.07,1.08,0.81,0.531,0.348,0.245,0.188,0.154,0.133,0.12,0.11,0.104,0.1,0.098;
1.011,1.008,0.969,1.032,1.101,0.829,0.529,0.338,0.234,0.178,0.146,0.126,0.113,0.104,0.098,0.094,0.092;
1.012,0.973,1.011,0.992,1.117,0.846,0.528,0.328,0.224,0.169,0.139,0.12,0.107,0.099,0.093,0.09,0.088;
0.989,1.002,1.052,0.931,1.133,0.8,0.525,0.312,0.208,0.156,0.127,0.109,0.098,0.09,0.085,0.082,0.08;
1.01,1.021,1.001,0.925,1.129,0.911,0.523,0.298,0.195,0.145,0.118,0.101,0.091,0.084,0.079,0.076,0.074;
0.991,0.974,0.955,0.971,1.109,0.939,0.522,0.286,0.183,0.136,0.11,0.095,0.085,0.078,0.074,0.071,0.069;
1.009,1.013,0.993,1.03,1.077,0.966,0.52,0.276,0.174,0.128,0.104,0.089,0.08,0.074,0.069,0.067,0.065;
0.992,1.009,1.039,1.063,1.037,0.99,0.519,0.266,0.166,0.122,0.099,0.085,0.076,0.07,0.066,0.063,0.062;
0.993,1.018,0.967,1.012,0.955,1.034,0.518,0.25,0.152,0.111,0.09,0.077,0.069,0.064,0.06,0.058,0.057;
0.993,0.985,1.027,0.944,0.909,1.07,0.516,0.237,0.142,0.103,0.083,0.072,0.064,0.059,0.056,0.054,0.052;
0.994,0.99,0.979,1.005,0.921,1.099,0.515,0.225,0.133,0.097,0.078,0.067,0.06,0.055,0.052,0.05,0.049;
0.994,1.017,1.015,1.049,0.975,1.122,0.514,0.215,0.126,0.091,0.074,0.063,0.057,0.052,0.049,0.047,0.046;
0.994,1.002,0.992,0.987,1.036,1.138,0.514,0.206,0.12,0.086,0.07,0.06,0.054,0.049,0.047,0.045,0.044;
1.005,0.986,0.975,1.041,1.053,1.153,0.512,0.188,0.107,0.077,0.062,0.054,0.048,0.044,0.042,0.04,0.039;
0.995,0.993,0.985,0.976,0.41,1.136,0.511,0.174,0.098,0.071,0.057,0.049,0.044,0.04,0.038,0.037,0.036;
1.004,1.009,1.008,0.987,0.994,1.094,0.51,0.162,0.091,0.065,0.053,0.045,0.041,0.037,0.035,0.034,0.033;
0.996,1.01,1.02,1.033,1.057,1.037,0.51,0.153,0.085,0.061,0.049,0.042,0.038,0.035,0.033,0.032,0.031,
0.996,0.989,0.992,0.988,0.967,0.927,0.509,0.138,0.076,0.055,0.044,0.038,0.034,0.031,0.032,0.028,0.028]

CoefkD12 = [0.887,0.785,0.696,0.62,0.555,0.501,0.456,0.419,0.388,0.363,0.342,0.326,0.313,0.303,0.295,0.29,0.287;
0.874,0.762,0.665,0.582,0.514,0.458,0.413,0.376,0.346,0.322,0.303,0.288,0.275,0.266,0.259,0.254,0.251,
0.865,0.743,0.639,0.553,0.482,0.426,0.381,0.344,0.316,0.293,0.274,0.26,0.249,0.24,0.233,0.229,0.226;
0.857,0.728,0.618,0.528,0.456,0.399,0.355,0.319,0.292,0.27,0.253,0.239,0.228,0.22,0.214,0.21,0.207;
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0.85,0.715,0.6,0.507,0.434,0.377,0.333,0.299,0.272,0.252,0.235,0.222,0.212,0.201,0.199,0.195,0.192;
0.845,0.703,0.584,0.489,0.415,0.359,0.315,0.282,0.256,0.236,0.221,0.208,0.199,0.192,0.186,0.182,0.18;
0.841,0.694,0.57,0.473,0.399,0.343,0.3,0.268,0.243,0.224,0.209,0.197,0.188,0.181,0.176,0.172,0.17,
0.838,0.685,0.558,0.459,0.384,0.329,0.287,0.255,0.231,0.213,0.198,0.187,0.178,0.172,0.167,0.164,0.162;
0.828,0.653,0.51,0.405,0.33,0.277,0.239,0.211,0.11,0.175,0.163,0.153,0.146,0.141,0.137,0.134,0.132;
0.827,0.633,0.477,0.368,0.294,0.244,0.209,0.184,0.166,0.152,0.141,0.133,0.127,0.122,0.118,0.116,0.115;
0.83,0.618,0.452,0.34,0.268,0.22,0.188,0.165,0.149,0.136,0.126,0.119,0.113,0.109,0.106,0.104,0.103;
0.836,0.607,0.431,0.317,0.247,0.202,0.172,0.151,0.136,0.124,0.116,0.109,0.104,0.1,0.097,0.095,0.094,
0.844,0.599,0.414,0.299,0.231,0.188,0.16,0.14,0.126,0.115,0.107,0.101,0.096,0.092,0.09,0.088,0.087;
0.853,0.592,0.399,0.284,0.217,0.176,0.15,0.131,0.118,0.108,0.1,0.094,0.09,0.086,0.084,0.082,0.081,
0.863,0.586,0.386,0.27,0.206,0.167,0.141,0.124,0.111,0.102,0.094,0.089,0.085,0.081,0.079,0.077,0.076;
0.873,0.581,0.374,0.259,0.196,0.158,0.134,0.117,0.105,0.096,0.09,0.084,0.08,0.077,0.075,0.073,0.073;
0.893,0.574,0.354,0.24,0.18,0.145,0.123,0.107,0.096,0.088,0.082,0.077,0.073,0.07,0.068,0.067,0.066;
0.914,0.568,0.337,0.224,0.167,0.134,0.114,0.099,0.089,0.081,0.076,0.071,0.068,0.065,0.063,0.062,0.061,
0.934,0.563,0.323,0.211,0.156,0.126,0.106,0.093,0.083,0.076,0.071,0.067,0.063,0.061,0.059,0.058,0.057;
0.953,0.559,0.31,0.2,0.148,0.119,0.1,0.088,0.079,0.072,0.067,0.063,0.06,0.058,0.056,0.055,0.054;
0.972,0.556,0.299,0.191,0.14,0.113,0.095,0.083,0.075,0.068,0.063,0.06,0.057,0.055,0.053,0.052,0.051;
1.006,0.551,0.28,0.175,0.128,0.103,0.087,0.076,0.068,0.062,0.058,0.054,0.052,0.05,0.048,0.047,0.04 7,
1.035,0.547,0.264,0.163,0.119,0.095,0.08,0.07,0.063,0.058,0.054,0.05,0.048,0.046,0.045,0.044,0.043;
1.059,0.543,0.251,0.153,0.111,0.089,0.075,0.066,0.059,0.054,0.05,0.047,0.045,0.043,0.042,0.041,0.041;
1.078,0.541,0.24,0.144,0.105,0.084,0.071,0.062,0.056,0.051,0.047,0.044,0.042,0.041,0.04,0.039,0.038;
1.093,0.539,0.23,0.137,0.1,0.08,0.067,0.059,0.053,0.048,0.045,0.042,0.04,0.03,0.037,0.037,0.036;
1.109,0.534,0.209,0.123,0.089,0.071,0.06,0.053,0.047,0.043,0.04,0.038,0.036,0.035,0.034,0.033,0.032;
1.099,0.531,0.193,0.112,0.081,0.065,0.055,0.048,0.043,0.039,0.037,0.034,0.033,0.032,0.031,0.03,0.03;
1.07,0.529,0.18,0.104,0.075,0.06,0.051,0.044,0.04,0.036,0.034,0.032,0.03,0.029,0.028,0.028,0.027;
1.029,0.527,0.17,0.097,0.071,0.056,0.048,0.042,0.037,0.034,0.032,0.03,0.028,0.027,0.027,0.026,0.026;
0.948,0.524,0.153,0.087,0.063,0.05,0.043,0.037,0.033,0.031,0.029,0.027,0.025,0.024,0.024,0.023,0.023]

CoefKD15 = [0.894,0.762,0.635,0.527,0.44,0.374,0.323,0.285,0.256,0.233,0.216,0.203,0.193,0.185,0.18,0.176,0.174;
0.897,0.761,0.628,0.516,0.427,0.36,0.31,0.272,0.244,0.222,0.206,0.193,0.183,0.176,0.171,0.167,0.165;
0.917,0.762,0.604,0.474,0.378,0.31,0.261,0.227,0.202,0.183,0.169,0.158,0.15,0.144,0.14,0.137,0.135;
0.943,0.771,0.589,0.445,0.344,0.276,0.23,0.198,0.176,0.159,0.147,0.137,0.13,0.125,0.121,0.118,0.117;
0.969,0.783,0.578,0.422,0.318,0.251,0.208,0.178,0.158,0.143,0.132,0.123,0.117,0.112,0.108,0.106,0.105;
0.993,0.796,0.571,0.404,0.297,0.232,0.191,0.163,0.144,0.13,0.12,0.112,0.107,0.102,0.099,0.097,0.095;
1.015,0.811,0.565,0.388,0.281,0.217,0.177,0.152,0.134,0.121,0.111,0.104,0.099,0.095,0.092,0.09,0.088;
1.034,0.825,0.561,0.375,0.266,0.204,0.166,0.142,0.125,0.113,0.104,0.097,0.092,0.088,0.086,0.084,0.083;
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1.05,0.84,0.557,0.363,0.254,0.193,0.157,0.134,0.118,0.107,0.098,0.092,0.087,0.083,0.081,0.079,0.078;
1.062,0.854,0.554,0.352,0.243,0.184,0.149,0.127,0.112,0.10,0.093,0.087,0.083,0.079,0.077,0.075,0.074;
1.077,0.882,0.549,0.334,0.225,0.169,0.137,0.116,0.102,0.092,0.085,0.08,0.075,0.072,0.07,0.068,0.068;
1.078,0.909,0.545,0.319,0.211,0.157,0.127,0.108,0.095,0.086,0.079,0.074,0.07,0.067,0.065,0.063,0.063;
1.068,0.934,0.542,0.306,0.199,0.147,0.119,0.101,0.089,0.08,0.074,0.069,0.065,0.063,0.061,0.059,0.059;
1.049,0.958,0.539,0.294,0.188,0.139,0.112,0.095,0.084,0.075,0.069,0.065,0.062,0.059,0.057,0.056,0.055;
1.025,0.98,0.537,0.284,0.179,0.132,0.106,0.09,0.079,0.072,0.066,0.062,0.058,0.056,0.054,0.053,0.052;
0.975,1.02,0.534,0.266,0.165,0.121,0.097,0.082,0.072,0.065,0.06,0.056,0.053,0.051,0.049,0.048,0.048;
0.945,1.053,0.531,0.251,0.153,0.112,0.09,0.076,0.067,0.061,0.056,0.052,0.049,0.047,0.046,0.045,0.044;
0.95,1.08,0.529,0.239,0.144,0.105,0.084,0.071,0.063,0.057,0.052,0.049,0.046,0.044,0.043,0.042,0.041,
0.982,1.101,0.527,0.228,0.136,0.099,0.079,0.067,0.059,0.053,0.049,0.046,0.044,0.042,0.04,0.04,0.03;
1.02,1.117,0.526,0.219,0.129,0.094,0.075,0.064,0.056,0.051,0.047,0.044,0.041,0.04,0.038,0.037,0.037;
1.033,1.133,0.523,0.199,0.116,0.084,0.067,0.057,0.05,0.045,0.042,0.039,0.037,0.035,0.034,0.034,0.033;
0.964,0.119,0.521,0.184,0.106,0.077,0.061,0.052,0.046,0.041,0.038,0.036,0.034,0.032,0.031,0.031,0.03;
0.995,1.083,0.519,0.172,0.098,0.071,0.057,0.048,0.042,0.038,0.035,0.033,0.031,0.03,0.029,0.028,0.028;
1.035,1.033,0.518,0.162,0.092,0.066,0.053,0.045,0.04,0.036,0.033,0.031,0.029,0.028,0.027,0.027,0.026;
0.979,0.934,0.516,0.146,0.082,0.059,0.048,0.04,0.036,0.032,0.029,0.028,0.026,0.025,0.024,0.024,0.023]

CoefKD18 =[1.012,1.052,1.067,1.026,0.932,0.808,0.681,0.565,0.47,0.396,0.34,0.299,0.27,0.248,0.233,0.224,0.218;
1.002,1.044,1.075,1.044,0.951,0.821,0.684,0.562,0.462,0.385,0.328,0.287,0.258,0.237,0.222,0.213,0.207,
0.982,0.977,1.051,1.095,1.03,0.88,0.705,0.55,0.429,0.343,0.283,0.243,0.215,0.196,0.183,0.175,0.17,;
1.016,0.97,0.979,1.087,1.084,0.933,0.728,0.543,0.406,0.313,0.253,0.214,0.188,0.171,0.159,0.152,0.148;
1,1.021,0.944,1.039,1.112,0.98,0.749,0.538,0.987,0.291,0.231,0.193,0.169,0.153,0.143,0.136,0.132;
0.987,1.025,0.978,0.978,1.118,1.02,0.77,0.534,0.372,0.272,0.213,0.178,0.155,0.14,0.13,0.124,0.121,
1.012,0.982,0.031,0.936,1.103,1.054,0.79,0.532,0.658,0.257,0.199,0.165,0.144,0.13,0.121,0.115,0.112;
1,0.949,1.044,0.934,1.073,1.082,0.81,0.53,0.347,0.244,0.188,0.155,0.135,0.122,0.113,0.108,0.105;
0.989,1.017,1.009,0.967,1.034,1.104,0.828,0.528,0.337,0.233,0.178,0.146,0.127,0.115,0.107,0.102,0.099;
1.01,1.019,0.986,1.013,0.992,1.12,0.846,0.526,0.327,0.224,0.169,0.139,0.121,0.109,0.101,0.096,0.094;
0.99,0.983,1.003,1.057,0.928,1.136,0.88,0.524,0.311,0.207,0.156,0.127,0.11,0.099,0.092,0.088,0.086;
1.002,1.016,1.026,1.001,0.922,1.132,0.911,0.522,0.297,0.19,0.145,0.118,0.102,0.092,0.086,0.081,0.079;
1.007,0.986,0.968,0.951,0.971,1.111,0.94,0.521,0.285,0.183,0.136,0.11,0.096,0.086,0.08,0.076,0.074;
0.992,1.014,1.015,0.993,1.032,1.078,0.966,0.519,0.275,0.174,0.128,0.104,0.09,0.081,0.075,0.072,0.07;
1.003,0.987,1.011,1.043,1.066,1.037,0.991,0.518,0.266,0.165,0.122,0.099,0.086,0.077,0.072,0.068,0.066;
0.992,0.988,1.022,0.964,1.013,0.954,1.035,0.517,0.249,0.152,0.111,0.09,0.078,0.07,0.065,0.062,0.061;
1.004,0.989,0.983,1.03,0.942,0.907,1.071,0.516,0.236,0.141,0.103,0.084,0.072,0.065,0.061,0.058,0.056;
1.004,0.99,0.988,0.977,1.005,0.919,1.1,0.515,0.224,0.133,0.097,0.078,0.068,0.061,0.057,0.054,0.052;
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0.994,0.991,1.02,1.017,1.051,0.975,1.123,0.514,0.214,0.125,0.091,0.074,0.064,0.057,0.053,0.051,0.049;
1.001,0.991,1.002,0.991,0.987,1.037,1.139,0.513,0.206,0.119,0.086,0.07,0.061,0.055,0.051,0.048,0.047;
1.005,1.008,0.983,0.972,1.043,1.054,1.154,0.512,0.187,0.107,0.077,0.063,0.054,0.049,0.045,0.043,0.042;
0.997,0.993,0.991,0.984,0.975,0.94,1.136,0.511,0.173,0.098,0.071,0.057,0.049,0.045,0.041,0.039,0.038;
0.997,1.007,0.011,1.009,0.987,0.994,1.094,0.51,0.162,0.091,0.065,0.053,0.046,0.041,0.038,0.036,0.035;
1.004,0.994,1.012,1.022,1.034,1.058,1.037,0.509,0.153,0.085,0.061,0.05,0.043,0.039,0.036,0.034,0.033;
0.996,0.994,0.987,0.992,0.987,0.966,0.926,0.508,0.138,0.076,0.055,0.044,0.038,0.034,0.032,0.31,0.03]

CoefKD20 = [0.984,1.002,1.054,1.083,1.048,0.951,0.565,0.683,0.561,0.462,0.386,0.331,0.291,0.263,0.244,0.231,0.224;
1.009,0.972,0.971,1.055,1.101,1.032,0.552,0.704,0.549,0.429,0.344,0.285,0.246,0.219,0.202,0.191,0.185;
0.999,1.025,0.963,0.976,1.092,1.087,0.545,0.727,0.542,0.406,0.314,0.255,0.217,0.192,0.176,0.166,0.16;
0.994,1,1.026,0.938,1.04,1.116,0.54,0.79,0.537,0.387,0.291,0.232,0.196,0.173,0.158,0.149,0.144;
1.01,0.98,1.03,0.976,0.976,1.121,0.536,0.77,0.534,0.372,0.273,0.215,0.18,0.158,0.144,0.136,0.131;
0.989,1.019,0.977,1.034,0.933,1.105,0.533,0.79,0.531,0.358,0.258,0.201,0.167,0.147,0.34,0.126,0.122;
1.009,1.001,0.975,1.048,0.93,1.075,0.531,0.809,0.529,0.347,0.245,0.189,0.157,0.13,0.125,0.118,0.114;
0.995,0.983,1.021,1.01,0.965,1.034,0.529,0.828,0.527,0.337,0.234,0.179,0.148,0.13,0.118,0.111,0.107;
1,1.015,1.023,0.964,1.014,0.991,0.528,0.846,0.526,0.327,0.224,0.171,0.141,0.123,0.112,0.105,0.102;
0.993,0.985,0.98,1.003,1.06,0.926,0.525,0.88,0.524,0.311,0.208,0.157,0.129,0.112,0.102,0.096,0.093;
0.994,1.003,1.019,1.028,1.001,0.92,0.523,0.911,0.522,0.297,0.195,0.146,0.119,0.104,0.09,0.089,0.086;
1.001,1.011,0.983,0.965,0.948,0.97,0.522,0.94,0.52,0.285,0.183,0.136,0.112,0.097,0.089,0.083,0.076;
1.006,0.987,1.016,1.017,0.993,1.033,0.52,0.967,0.519,0.275,0.174,0.129,0.106,0.092,0.084,0.079,0.072;
1.005,1.004,0.985,1.012,1.045,1.068,0.519,0.991,0.518,0.266,0.166,0.122,0.1,0.087,0.079,0.075,0.066;
0.994,0.988,0.986,1.024,0.962,1.013,0.518,1.035,0.517,0.249,0.152,0.112,0.091,0.08,0.072,0.068,0.061;
1.002,1.006,0.987,0.981,1.031,0.94,0.516,1.071,0.515,0.236,0.142,0.104,0.085,0.074,0.067,0.063,0.061,
1.003,1.006,0.988,0.987,0.976,1.005,0.515,1.101,0.514,0.224,0.133,0.097,0.079,0.069,0.063,0.059,0.057,
0.995,0.99,0.989,1.022,1.018,1.052,0.5114,1.123,0.513,0.214,0.126,0.092,0.075,0.065,0.059,0.056,0.054;
1,1.002,0.989,1.003,0.99,0.986,0.514,1.14,0.513,0.206,0.12,0.087,0.071,0.062,0.056,0.053,0.051,
0.999,1.007,1.01,0.81,0.971,1.044,0.512,1.154,0.511,0.187,0.107,0.078,0.063,0.055,0.05,0.047,0.046;
0.997,0.995,0.991,0.99,0.983,0.974,0.511,1.137,0.51,0.173,0.098,0.071,0.058,0.05,0.046,0.043,0.042;
0.997,0.996,1.008,1.012,1.01,0.987,0.51,1.094,0.51,0.162,0.091,0.066,0.054,0.047,0.042,0.04,0.038;
0.999,1.006,0.992,1.014,1.023,1.035,0.51,1.037,0.509,0.153,0.085,0.062,0.05,0.044,0.04,0.037,0.036;
1.003,0.994,0.993,0.986,0.991,0.987,0.509,0.926,0.508,0.138,0.076,0.055,0.045,0.039,0.036,0.033,0.032]

[Anga6,RLa6] = meshgrid(Ang,RL6)
[Anga8,RLa8] = meshgrid(Ang,RL8)
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[Angal0,RLal0] = meshgrid(Ang,RL10)
[Angal2,RLal2] = meshgrid(Ang,RL12)
[Angal5,RLal5] = meshgrid(Ang,RL15)
[Angal8,RLal8] = meshgrid(Ang,RL18)
[Anga20,RLa20] = meshgrid(Ang,RL20)

KDi6=griddata(Anga6,RLa6,CoefkKD6,Angi,R6LB, 'nearest’  );

KDi8= griddata(Anga8,RLa8,CoefKD8,Angi,R8LB, ‘nearest’  );

KDil0= griddata(Angal0,RLa10,CoefKD10,Angi,R10LB, 'nearest’  );
KDil2= griddata(Angal2,RLal12,CoefKD12,Angi,R12LB, ‘nearest’  );
KDil5= griddata(Angal5,RLal5,CoefKD15,Angi,R15LB, 'nearest’  );
KDil18= griddata(Angal8,RLal18,CoefKD18,Angi,R18LB, 'nearest’  );
KDi20= griddata(Anga20,RLa20,CoefKD20,Angi,R20LB, ‘nearest’  );

%% Calculo las alturas

H6=HBAux.*CoefAux1.*CoefAux3.*KDi6;
H8=HBAIx.*CoefAux1.*CoefAux3.*KDi8;
H10=HBAux.*CoefAux1.*CoefAux2.*KDil10;
H12=HBAux.*CoefAux1.*CoefAux2.*KDil12;
H15=HBAux.*CoefAux1.*CoefAux2.*KDil5;
H18=HBAux.*CoefAux1.*KDi18;
H20=HBAux.*CoefAux1.*KDi20;
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%% Run-up
%Necesito HBAux, LOAux, N2Aux
%% Variables
% Iribarren
I r=0.5./sqrt(HBAux./LOAuUX);
% H2%
H2 =1.399.*HBAuX;
% Coeficientes para cubos de hormigdén
Au =1.05;
Bu=-0.67,
%% Foérmula
R=(Au.*(1-exp(Bu.*Ir))).*H2;

RT=N2Aux+R;

%% Caudal

g9=(8e-5.*exp(3.1.*(RT-9)./HBAuUX)).*sqrt(9.8.*HBAuUx."3).* 1000;
g10=(8e-5.*exp(3.1.*(RT-10)./HBAuX)).*sqrt(9.8.*HBAux."3).*1000;
g1l1=(8e-5.*exp(3.1.*(RT-11)./HBAuX)).*sqrt(9.8.*HBAux."3).*1000;
g12=(8e-5.*exp(3.1.*(RT-12)./HBAuX)).*sqrt(9.8.*HBAux.*3).*1000;
g13=(8e-5.*exp(3.1.*(RT-13)./HBAuX)).*sqrt(9.8.*HBAux."3).*1000;
g14=(8e-5.*exp(3.1.*(RT-14)./HBAuX)).*sqrt(9.8.*HBAux.*3).*1000;
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%% n° de eventos maximos
%12APROXIMACION

%Para q9
s9=find(q9>0.03);
lengt h(s9)
nP9=length(s9)/60

%Para q10
s10=find(q10>0.03);
length (s10)
nP10=length(s10)/60

%Para q11
s11=find(q11>0.03);
length (s11)
nP11l=length(s11)/60

%Para q12
s12=find(q12>0.03);
length (s12)
nP12=length(s12)/60

%Para q13
s13=find(q13>0.03);
lengt h(s13)
nP13=length(s13)/60

%Para ql14
s14=find(q14>0.03);
length (s14)
nP14=length(s14)/60
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%% 22 APROXIMACION

%Para q10,5

q105=(8e-5.*exp(3.1.*(RT-10.5)./HBAUX)). *sqrt(9.8.*HBAUX.

s105=find(q105>0.03);
length(s105)
nP105=length(s105)/60

%Para q10,6
g106=(8e-5.*exp(3.1.*(RT-10.6)./HBAuX)).*sqrt(9.8.*HBAux
s$106=find(q106>0.03);

length(s106)

nP106=length(s106)/60

%Para q10,7

q107=(8e-5.*exp(3.1.*(RT-10.7)./HBAUX)). *sqrt(9.8.*HBAUX.

s107=find(q107>0.03);
length(s107)
nP107=length(s107)/60

A3).*1000;

. 73).*1000;

A3) *1000;
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