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Resumen

El presente Trabajo de Fin de Master se centra en el estudio del comportamiento a fatiga de la armadura
postesa y de la armadura pasiva de un puente tipo losa para trenes de alta velocidad. La estructura en concreto
es el proyecto del viaducto E-11 de la linea de alta velocidad entre Madrid y Extremadura entre el P.K.
12+227.477 Y P.K. 12+303.477 sobre la carretera CM-4009 a la altura de Gerindote (Toledo).

Los puentes para trenes de alta velocidad estan sometidos a importantes cargas ciclicas a lo largo de la vida util
de la estructura provocando el deterioro por fatiga de sus componentes. Para el estudio se ha modelizado el
puente simplificandolo en un modelo de barras en el software Midas Civil, manteniendo: la geometria, las
cargas, los materiales y las condiciones de contorno.

Las comprobaciones a fatiga se han realizado sobre la armadura mas solicitada, por lo que el primer paso ha
consistido en localizar la seccion mas desfavorable del puente y centrar el estudio en la armadura activa y
pasiva que mas incrementos de carga van a sufrir. Una vez conocida dicha seccion, se ha sometido la
estructura al paso de cada uno de los trenes de fatiga y trenes dinamicos que se especifican en la Instruccion de
Acciones a Considerar en Puentes de Ferrocarril (IAPF-10).

Por tltimo, mediante la Curva S-N definida en el punto 6.8.4. del Anejo 19 del Cddigo Estructural, se ha
evaluado el dafo provocado en la armadura por dichos incrementos de tension con el objetivo de conocer si el
dafio es relevante durante los 100 afios de la vida 1til de la estructura.

X1






Abstract

This Master Thesis is focused on the study of the fatigue behavior of the post-tensioned reinforcement and the
passive reinforcement of a slab type bridge for high speed trains. The specific structure is the E-11 viaduct
project of the high speed line between Madrid and Extremadura between P.K. 12+227.477 and P.K.
12+303.477 over the CM-4009 road at Gerindote (Toledo).

Bridges for high-speed trains are subjected to significant cyclic loads throughout the lifetime of the structure
causing fatigue deterioration of its components. For the study, the bridge has been modeled by simplifying it
into a bar model in Midas Civil software, maintaining: geometry, loads, materials and boundary conditions.

The fatigue tests were performed on the most stressed reinforcement, so the first step consisted of locating the
most unfavorable section of the bridge and focusing the study on the active and passive reinforcement that will
undergo the greatest load increases. Once this section was known, the structure was subjected to the passage of
each of the fatigue and dynamic trains specified in the Instruction on Acciones a Considerar en Puentes de
Ferrocarril (IAPF-10).

Finally, by means of the S-N Curve defined in point 6.8.4. of Annex 19 of the Codigo Estructural, the damage
caused in the reinforcement by these stress increases has been evaluated in order to know if the damage is
relevant during the 100 years of the service life of the structure.
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1 INTRODUCCION

nuevas lineas y la mejora de las existentes, con el objetivo de acomodar trenes mas veloces que

reduzcan el tiempo de viaje. Las estructuras destinadas a la alta velocidad ferroviaria se enfrentan a
significativas acciones dindmicas. Ademas de la clasica carga moévil aislada, estas estructuras deben manejar
resonancias que se producen a velocidades superiores a los 220 Km/h. Estas resonancias a lo largo de la vida
util de la estructura pueden provocar importantes dafios de fatiga en los materiales que comprometan la
seguridad de la estructura. Por esta razon, al disefiar nuevas estructuras o al reacondicionar las ya existentes, es
esencial llevar a cabo un analisis exhaustivo utilizando técnicas numéricas avanzadas.

E N los ultimos afios, la creciente demanda del transporte ferroviario ha impulsado la construccion de

1.1 Objetivos y contenido del trabajo

El presente trabajo tiene como objetivo el analisis de la fatiga de la armadura activa y pasiva en un puente de
hormigén postesado tipo losa, una de las tipologias estructurales mas utilizadas en puentes ferroviarios. La
estructura serd evaluada sometiéndola al transito de trenes de fatiga y trenes dindmicos, conforme a las
especificaciones de la Instruccion de Acciones a Considerar en Puentes de Ferrocarril (IAPF), alo largo de su
vida util. Mediante el analisis de los resultados obtenidos, se determinara la susceptibilidad del puente a
problemas de fatiga, asegurando su desempefio estructural y longevidad.

En este primer capitulo se ofrece una breve revision historica del desarrollo ferroviario, con un enfoque
particular en Espafia. Ademas, se introduce la problematica de la fatiga, exponiendo accidentes historicos
causados por fallos de fatiga para destacar su importancia.

En el segundo capitulo se establecen los criterios normativos adoptados en el trabajo junto con los
fundamentos teoricos basicos para la elaboracion del estudio. En concreto, se explica el método de calculo
dinamico utilizado, el analisis transitorio por superposicion modal, y se introduce la metodologia del dafio
acumulado y su aplicacion a través de la Teoria Lineal de Palmgren-Miner.

El tercer capitulo proporciona una descripcion detallada de la estructura objeto del analisis: un puente disefiado
para la red de alta velocidad que conecta Madrid y Extremadura, ubicado a la altura de Gerindote (Toledo).

En el cuarto capitulo se explica la modelizacion de la estructura en el software de elementos finitos Midas
Civil. Se detallan las hipotesis que se han tomado para la modelizacion asumiendo ciertas simplificaciones y se
definen los materiales, las condiciones de contorno y las cargas aplicadas. Se pone especial énfasis en la
modelizacion de las cargas dinamicas utilizando una hoja de calculo Excel, la cual se importa en el software
permitiendo agilizar el proceso.

El quinto capitulo estd destinado a la exposicion de los resultados obtenidos asi como un andlisis de los
mismos, indicando el procedimiento realizado para la comprobacion de fatiga de las armaduras. En primer
lugar, se aborda el andlisis modal de la estructura y se obtiene la seccion critica del tablero sobre la que se
analizan los resultados. La respuesta dinamica del tablero se expone mediante numerosas graficas que
muestran los incrementos de tensiones al paso de la carga movil para cada uno de los trenes de carga.
Finalmente, se realizan las comprobaciones de fatiga que permiten sacar conclusiones sobre la seguridad de la
estructura durante su vida util.

El sexto capitulo resume las conclusiones mas relevantes extraidas de los resultados expuestos en el capitulo
anterior, proporcionando una evaluacion final de la resistencia a fatiga del puente.



2 Introduccion

1.2 Antecedentes

1.21 Historia de los puentes de ferrocarril y la alta velocidad en Espaiia

La historia de los puentes ferroviarios en Espafia se remonta a mediados del siglo XIX, cuando se
construyeron las primeras lineas de tren en la peninsula ibérica. Estas lineas pioneras, que incluian la de
Barcelona a Matar6 (1848), la de Madrid a Aranjuez (1851) y la de Langreo a Gijon (1853), evidenciaron la
necesidad de superar barreras naturales mediante la construccion de puentes. La linea de Mataro, que
atravesaba diversas ramblas, exigio la construccion de dos puentes para salvar el rio Besds y la riera
Argentona. Estos primeros puentes, inicialmente de madera, enfrentaron frecuentes desafios, como las riadas,
lo que llevo a su posterior reemplazo por estructuras metalicas mas duraderas y robustas [1].

La transicion de los puentes de madera a los metalicos y de obra de fabrica a partir de la década de 1860 en
Espafia fue una evolucion natural ante las complejas condiciones orograficas del pais, el segundo mas
montafioso de Europa en términos porcentuales. La disposicion de una meseta central rodeade de cadenas
montafiosas complicaba la conexion entre las areas interiores y las costeras, haciendo indispensable la
construccion de una infraestructura de puentes eficiente, duradera y econoémica [1].

Figura 1-1. Viaducto de Celada recién construido, afio 1856 [2].

Los puentes de fabrica, aunque mas costosos y lentos de construir, gracias a su gran solidez y elevada masa
ofrecian mayor durabilidad sin apenas gastos de mantenimiento. Utilizaban materiales locales como calizas y
granitos, y en algunos casos ladrillo para elementos decorativos y estructurales. Actualmente, una tercera parte
de los puentes de ferrocarril espafioles son de fabrica y siguen operativos [2]. Por otro lado, los puentes
metalicos, construidos con hierro y acero importados debido a la limitada siderurgia local hasta finales del
siglo XIX, eran mas rapidos y menos costosos de erigir. No obstante, requerian un mantenimiento continuo
para revisar soldaduras y remaches, y para protegerlos contra la corrosion mediante repintado [1].

El legado de los puentes metalicos es notable en la historia ferroviaria espafiola, con ejemplos emblematicos
como el puente del Guadiana en Mérida (599 metros) y el puente Hacho, de doce tramos en la linea de Linares
a Almeria (620 metros) [3]. La ingenieria de estos puentes permitid superar obstaculos significativos y
conectar regiones montafiosas con eficiencia. A lo largo del siglo XIX y las primeras décadas del XX, la
combinacion de puentes de tramo metalico y de fabrica fue comtn, adaptandose a las condiciones técnicas y
econémicas de cada proyecto. Las leyes de concesion ferroviaria que facilitaban la importacion de materiales
favorecieron la proliferacion de puentes metalicos, aunque la disponibilidad y el transporte de estos materiales
planteaban desafios logisticos. [1].
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Figura 1-2. Puente del Hacho perteneciente a la linea Linares-Almeria [4].

La introduccion del hormigon en la construccion de puentes ferroviarios durante las décadas de 1920 y 1930
marco una nueva era en la ingenieria espanola. Esta tendencia se consolidé con proyectos importantes bajo el
régimen franquista, como las lineas de Madrid a Burgos y de Zamora a La Corufia, que presentan
impresionantes viaductos de hormigon, como el viaducto de Martin Gil (480 metros). En la segunda mitad del
siglo XX, muchos puentes metalicos fueron sustituidos por estructuras de hormigén mas solidas y duraderas
[1]. En el afio 1992 fue inaugurada la primera linea de alta velocidad en Espafia, la LAV Madrid-Sevilla. Esa
linea para la que se construyeron 33 viaductos supuso un gran avance en la capacidad y eficiencia del
transporte ferroviario en Espafia [5].

En la década de los 2000, la red de alta velocidad experimentd una gran expansion. En 2003 se inauguro la
linea Madrid-Zaragoza-Lérida, que mas tarde en el afio 2008 se extenderia hasta Barcelona y la frontera
francesa. En 2007 se abre la linea Madrid-Valladolid y en la década entre 2010 y 2020 se consiguié conectar
Madrid con Valencia, Figueras, Ledn y Galicia [5].
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Figura 1-3. Lineas de alta velocidad en servicio en Espaia en mayo de 2024 [5].



4 Introduccion

Actualmente la red de alta velocidad en Espafia esta administrada por Adif y cuenta con mas de 4.000 km de
via disefiada para velocidades maximas de hasta 350 km/h. La mayoria de la red esta construida en ancho de
via internacional, y el resto en ancho ibérico y mixto. La red ha sido un importante motor econdmico y social
generando empleo y contribuyendo al desarrollo economico de las regiones que la rodean y ha mejorado
significativamente la capacidad y eficiencia del transporte ferroviario en Espafia. La red se mantiene en
expansion continla mejorandose, inaugurando nuevas lineas y modernizando las existentes permitiendo
aumentar la capacidad y reducir los tiempos de viaje [6].

1.2.2 Breve historia del analisis de la fatiga

La fatiga de los materiales es un proceso de dafio progresivo que ocurre cuando un material se somete
repetidamente a ciclos de carga y descarga, aunque estas cargas suelen estar por debajo del limite elastico del
material. Aunque las tensiones resultantes no alcanzan el limite elastico, con el tiempo pueden generar grietas
y fracturas microscopicas que se propagan hasta producir una falla catastrofica [7].

La fatiga de los materiales es un fenémeno invisible y peligroso, ya que no se ve venir y los métodos de
calculo tradicionales no pueden detectarlo. Es importante estudiar la fatiga, ya que puede afectar a estructuras
y maquinaria, pero requiere experiencia y conocimientos especializados para calcularla correctamente [7].

La historia de la ingenieria esta repleta de accidentes causados por fallos de fatiga. Fue en la segunda mitad del
siglo XIX cuando comenzo a entenderse este fenémeno, coincidiendo con la proliferacion del ferrocarril. Este
medio de transporte implicaba la existencia de numerosas piezas sometidas a cargas variables y un
considerable nimero de ciclos, como es el caso de los ejes y ruedas, los cuales generan un ciclo por cada
vuelta que completan [8]. El ingeniero aleman August Wohler, es considerado el padre del estudio de la fatiga
ya que durante la década de 1850-1860 trabajé en experimentos con componentes ferroviarios y desarrollo las
curvas S-N, que muestran la relacion entre la tension aplicada y la vida til de un material bajo cargas ciclicas

[9].

Ya en el afio 1903 el fisico e ingeniero britanico Sir Alfred Ewing, contribuy?6 significativamente al estudio de
la fatiga y la teoria de la elasticidad. Su trabajo proporciond una mejor compresion del comportamiento de los
materiales bajo cargas ciclicas [9]. El estudio de la fatiga comienza a cobrar especial importancia durante la
Segunda Guerra Mundial, cuando Estados Unidos produjo cerca de 3000 barcos de la serie Liberty, los cuales
alrededor del 50% de ellos sufrieron roturas en el casco y cubierta [8]. La investigacion inicial atribuy6 la
culpa a las soldaduras, sin embargo, se descubri6 que el verdadero problema era que el acero utilizado en la
construccion era fragil a temperaturas bajas, lo que provocaba grietas en los puntos de concentracion de
tensiones de la estructura. La construccion de estos barcos y la solucion de sus problemas de fatiga supuso
importantes avances en la metalurgia y la certificacion de materiales para aplicaciones criticas [10].

Figura 1-4. Barco partido en dos tras fallo catastrofico [10].
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En el afio 1945 coincidiendo con el final de la Segunda Guerra Mundial, Miner mejor6 una regla propuesta por
Palmgren en 1924, introduciendo asi una metodologia clave para predecir la vida ttil de un componente
sometido a una serie de cargas ciclicas variadas. Esta regla es fundamental en el analisis de fatiga y disefio de
ingenieria moderna [9].

Otro conocido ejemplo de fallo por fatiga ocurrié en el afio 1988 durante el vuelo 243 de Aloha Airlines. El
avion Boeing 737-200 viajaba hacia Honolulu cuando repentinamente en pleno vuelo se desprendio la parte
superior del fuselaje. Sorprendentemente consiguid aterrizar lamentando Unicamente el fallecimiento de un
tripulante. Las investigaciones determinaron que la causa del accidente fue la fatiga del metal en la piel del
fuselaje [11]. Actualmente la fatiga suele ser uno de los parametros fundamentales en el disefio de los fuselajes
y los motores de aviones [8].

._..- — s = e s e LT e 3
Figura 1-5. Dafio en el fuselaje del vuelo 243 de Aloha Airlines [11].

En resumen, se puede decir que el estudio de la fatiga ha cobrado especial importancia con el paso de los afios
gracias las investigaciones cientificas motivadas por accidentes y fallos inesperados. Las aportaciones de los
cientificos han contribuido significativamente al entendimiento y prediccion de la fatiga en materiales,
desarrollando conceptos y herramientas fundamentales para el analisis de estructuras que se someten a cargas
ciclicas.






2 MARCO NORMATIVO Y TEORICO

capitulo trata de establecer los fundamentos normativos y tedricos necesarios que implica el analisis de

fatiga que se va a realizar en este documento. En primer lugar, se describen las bases para el calculo
dinamico segun lo establecido en la Instruccion de Acciones a Considerar en Puentes de Ferrocarril (IAPF).
En segundo lugar, se explora el método del dafio acumulado segtn la teoria del dafio lineal de Palmgren-Miner
para realizar el estudio del dafio a fatiga de la armadura del tablero del puente.

EStablecida la importancia de la fatiga en el célculo de estructuras sometidas a cargas dinamicas, este

2.1. Calculo dinamico en puentes de ferrocarril

El proyecto de puentes ferroviarios en Espana sigue las pautas establecidas por la IAPF. Se consideran
diversos factores, como el peso propio, cargas muertas y la sobrecarga dinamica del trafico ferroviario. Es
fundamental abordar los fenomenos dinamicos generados por el trafico, especialmente la naturaleza movil de
las cargas verticales transmitidas por las ruedas de los vehiculos, que provocan una excitacion dinamica en la
estructura. Estos efectos dinamicos pueden resultar en incrementos en las deformaciones y esfuerzos respecto
a la respuesta estatica pudiendo comprometer la seguridad de la estructura [12].

A continuacion, se exponen las bases teéricas empleadas para el analisis objeto de este calculo:

2.1.1 El método de los elementos finitos

El método de elementos finitos (MEF) es una técnica de calculo numérico ampliamente utilizada en el ambito
de la ingenieria, la arquitectura y la construccion para analizar y resolver problemas complejos relacionados
con estructuras y materiales. Se basa en la division de un objeto en pequefias partes llamadas "elementos
finitos" [13] de manera que el problema principal se reduce a pequefios problemas mas faciles de abordar. Se
utiliza para resolver ecuaciones diferenciales que describen el comportamiento de la estructura bajo diferentes
condiciones de carga y entorno operativo. En gran parte estas cargas y condiciones de contorno son conocidas
a priori, reduciendo asi las incognitas del problema y la dificultad del sistema de ecuaciones.

La formulacién del MEF, parte de un balance energético que viene dado por el Principio de los Trabajos
Virtuales (PTV), el cual establece que, para cualquier desplazamiento virtual compatible con unas condiciones
de contorno, el trabajo virtual realizado por las fuerzas internas en una estructura es igual al trabajo virtual
realizado por las fuerzas externas aplicadas [14].

f&sadV +f6upildV = 6uFdS+f5uXdV
Q Q Q

oQ

n_.n nmeen

El campo de desplazamientos "u" y aceleraciones "ii" pueden ser aproximados por unas funciones de
interpolacion y unos desplazamientos nodales.

u(x,t) = N(x)u®(t)
it(x,t) = N(x)iié(t)

Sustituyendo estas aproximaciones en la expresion del Teorema de los trabajos Virtuales y particularizando
para el elemento e, se llega a la siguiente expresion [14]:

f (6u®)"BTDBudV + f (6u®)TNTpNiieav = f (6u®)TNTFdS + f (6u®)TNTXdV
Q Q a0 Q
Donde:

e B es la matriz deformacion. Contiene las derivadas de las funciones de interpolacion.

e D esla matriz constitutiva. Contiene las caracteristicas mecanicas del material.



8 Marco Normativo y Teorico

La expresion anterior debe ser valida para cualquier desplazamiento virtual y expresada en notacion matricial
queda de la siguiente forma:

Mii® + Ku® = F(t)
Siendo:
e Klamatriz derigidez > K = [ BTDBdV
e Mlamatrizde masa— M = [ NTpNadV
e F los términos correspondientes a las fuerzas superficiales y de volumen — F = | aaN TFdS +
) oN TXdv

La ecuacion anterior corresponde a un tnico elemento. Ensamblando apropiadamente las matrices de rigidez
de cada uno de los elementos, asi como cada uno de los vectores de fuerzas e imponiendo las condiciones de
equilibrio de fuerzas y compatibilidad de desplazamientos, se obtiene la ecuacion de la estructura completa
[14].

Mii + Ku = F(t)
21.2 Analisis dinamico [14]

Para una descripcion mas completa del comportamiento dindmico de una estructura, es esencial incluir el
efecto del amortiguamiento. De forma analoga a la ecuacion anterior, al incorporar las fuerzas viscosas en la
ecuacion de equilibrio derivada del PTV, se introduce el término de las velocidades multiplicado por la matriz
de amortiguamiento. Asi, la ecuacion de equilibrio dindmica completa se expresa como.

Mii + Cit + Ku = F(t)

Dada la complejidad en la estimacion precisa del amortiguamiento estructural, se recurre a la metodologia de
Rayleigh. Este método define la matriz de amortiguamiento como una combinacion lineal de las matrices de
masa y rigidez, manteniendo asi la ortogonalidad de todas las matrices en la ecuacion de equilibrio dinamico.
Siendo:

C=aM+ K

Una vez definida la ecuacion de equilibrio, se estd en condiciones de definir las bases del analisis en el
dominio del tiempo. En este caso se realiza un analisis transitorio por superposicion modal. Para ello, es
necesario resolver de la ecuacion de equilibrio en condiciones de amortiguamiento nulo y estado de fuerzas
nulo, es decir, un andlisis modal:

Mii(x,t) + Ku(x,t) =0
Esta es una ecuacion cuya solucion de equilibrio supone un movimiento armonico:
u(x,t) = U(x)sin (wt + @)
Siendo:
e U(x) — Laamplitud de los desplazamientos para todos los grados de libertad.
e ® — Lafrecuencia angular del movimiento.
e (¢ — El desfase.

Derivando dos veces se obtiene la aceleracion, pudiéndose sustituir ambos términos en la ecuacion de
equilibrio quedando:

(K- 0*M)U(x) =0

La solucion no trivial del problema se obtiene resolviendo un sistema de autovalores y autovectores, cuyas
soluciones corresponden a las frecuencias naturales de la estructura (w) y a los modos de vibracion asociados
(U). Una vez determinados estos modos de vibracion, y considerando su propiedad de ortogonalidad con
respecto a la matriz de masa y a la matriz de rigidez, se puede aplicar el método de superposicion modal. Esta
técnica permite expresar los desplazamientos de la estructura como una combinacion lineal de los modos de
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vibracion.

N
ux,t) =Y ()¢ (x) + V() (x) + -+ YVi()p;(xX) + - + Yy () py(x) = Z Yi(6)¢i(x)
i=1

= d(x)Y(t)
Donde:

o &= [p|p,...|¢il ...|pxNI] = Es la matriz de modos. Relaciona los desplazamientos con el vector
Y.

e Y={V,Y,..,Y,.., Yy} - Es el vector de coordenadas modales. Se obtiene de multiplicar la
ecuacion anterior de los desplazamientos por ¢ L-TM:

¢ Mu(x,t) = ¢;" MY ()1 (X) + ;" MY, (D)o (X) + -+ + ;" MY; () (X) + -+ + ;" MYy (D) (%)

La condicion de ortogonalidad de los modos de vibracion hace que se anulen todos los términos excepto el
término asociado a la masa modal m;. Es decir:

¢ Mu(x,t) = ¢;" MY (£) 1 (x) = m;Y;(t)
Por tanto:

T
¢; Mu(x,t)
Y = 2
l
En el caso de la ecuacion de equilibrio en condiciones de amortiguamiento nulo pero estado de fuerzas no

nulo, es decir sistema de vibracion forzada no amortiguada, la ecuacion de equilibrio es la siguiente:
Mii(x,t) + Ku(x,t) = f(x,t)

Sabiendo que los desplazamientos se pueden expresar como la matriz de modos traspuesta multiplicada por el
vector de coordenadas modales, sustituyendo en la ecuacion y teniendo en cuenta la propiedad de
ortogonalidad de los modos de vibracion se llega a:

mYi(®) + kY () = fi()

La superposicion modal permite simplificar mucho el problema pasando de resolver un sistema de N grados
de libertad a N sistemas de un solo grado de libertad reduciendo asi el coste computacional del célculo. En
forma matricial, la ecuacion anterior es la siguiente:

Y, (6) " Y1(t) fi(®)

" [ngt)] Lk fyzgt)] £
ol L)

me .(6) ki o G ERVIG!

N YN.(t) ey YN.(t) fN.(t)

Una vez reducido el coste computacional, cabe preguntarse cuantos modos de vibracion hay que estudiar. Una
estructura tiene modos de vibracion como grados de libertad y en un puente como el que se va a estudiar,
considerar todos estos modos puede resultar un coste computacional adicional sin una mejora relevante en
cuanto a los resultados dinamicos.

Para ello, en base a lo que indica la norma NCSE-(02, se consideraran los n-primeros modos de vibracion que
de forma acumulada movilicen el 90% de la masa total de la estructura en cada direccion. De esta forma se
acota el analisis modal sin perder precision en los resultados.
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2.2. Método del dano acumulado

El método del dafo acumulado es el procedimiento que propone la /APF para el dimensionamiento y
comprobacion de los estados limite de fatiga. Este método constituye un enfoque fundamental en el analisis de
la resistencia a fatiga de componentes estructurales sometidos a cargas variables. Existen numerosas teorias
como por ejemplo la desarrollada por Henry en el afio 1955 que se basa en el concepto de que la curva SN
debe ajustarse como dafio por fatiga acumulado, o la Teoria de Marco-Starkey que fue una de las primeras
teorias no lineales de dafio acumulado propuesta en el afio 1954 [15].

La aplicacion del método del daio acumulado en este trabajo se va a basar en la regla de Palmgren-Miner que
fue la primera teoria lineal de dafio acumulativo. Esta teoria postula que el fallo por fatiga ocurre cuando el
dafio acumulado alcanza un valor critico, habitualmente establecido en 1. Actualmente es la regla mas
utilizada y difundida debido a su sencillez.

Para aplicar este método, se siguen varios pasos:

e En primer lugar, se ha de obtener la curva S-N o de resistencia a fatiga del elemento bajo analisis. Esta
curva relaciona el rango de tensiones (o) experimentadas que sufre el elemento bajo estudio con el
numero de ciclos hasta el fallo (N). Es esencial para determinar la capacidad de resistencia a fatiga
del material [15].

a0+
30+

20T

Stress (ksi)

104 Fatigue strength at ,

10" cycles

[ [ L7
5 7
10 10 10 10
Number of Cycles to Failure

Figura 2-1. Grafica del proceso de definicion de una curva S-N [16].

La curva S-N depende del elemento que se esté estudiando y se obtiene mediante ensayos de fatiga
que involucran la aplicacion de cargas ciclicas a un material y la medicion del nimero de ciclos hasta
la rotura. La curva se ajusta a las propiedades del material, como su resistencia a traccion o ductilidad
[16].

e En segundo lugar, es necesario determinar el espectro de cargas al que estara sometido el elemento
estructural, es decir, los diferentes incrementos de tensiones (Ag;) y nimero de ciclos (N;)
correspondientes a cada nivel [17].

e A continuacion, se calcula el dafio acumulado (D;) mediante la suma de las relaciones entre el
numero de ciclos aplicados (ng;)y el nimero de ciclos que producirian el fallo (NR;) para cada nivel
de tension, aplicando la regla de Palmgren-Miner [15] [17]:
7
Ei
Da = _ NR;
L
e Por ultimo, si el dafio acumulado (D;) es menor que 1, se considera que el elemento resiste
satisfactoriamente las cargas de fatiga a las que esta expuesto. Sin embargo, si (D;) es mayor que 1,
indica que el disefio no es adecuado y que se requieren modificaciones para mejorar la resistencia a
fatiga del componente. Estas modificaciones pueden incluir ajustes en la geometria del componente o
en los materiales utilizados [17].
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En resumen, el método del dafio acumulado proporciona una herramienta solida para evaluar la capacidad de
resistencia a fatiga de componentes estructurales bajo cargas variables. Su aplicacion permite determinar si un

componente sera capaz de soportar las cargas de fatiga a las que estara expuesto durante su vida util, lo que
resulta crucial en el disefio de estructuras sujetas a fatiga.






3 DESCRIPCION DE LA ESTRUCTURA

alta velocidad entre Madrid y Extremadura entre el P.K. 12+227.477 y P.K. 12+303.477 sobre la

L A estructura E-11 es un puente ferroviario tipo losa de hormigén postesado proyectado para la linea de
carretera CM-4009 a la altura de Gerindote (Toledo).

Se trata de un puente continuo de planta recta con 76,00 m de longitud dividido en 3 vanos de 22,00 m + 32,00
m + 22,00 m respectivamente.

E-1 PUNTO FUO E-2JD.
P.K, 12+227.477 76,00 P.K. 12+303.477

1 1

3

COLADA DE
GERINGOTE 1HII

_—

Figura 3-1. Perfil longitudinal del puente [18].

3.1 Proceso constructivo

311 Fasel

En esta primera fase, se lleva a cabo el desbroce y la limpieza del terreno para eliminar cualquier vegetacion o
escombros que puedan interferir en la construccion. A continuacion, se realizan los replanteos y seguidamente
se ejecutan las excavaciones necesarias para alcanzar las cotas de cimentacion. Finalmente, se procede a la
ejecucion de las cimentaciones de pilas y estribos.

E-1 PUNTO FIJO E-2
P.K. 124227 477 P-1 P2 P.K. 12+303.477

o r we
R I i

Figura 3-2. Proceso constructivo. Fase I [18].
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560.0 =

31.2 Fasell

En esta fase se ejecuta la construccion de las pilas y estribos hasta alcanzar las cotas de apoyo requeridas para
la superestructura del puente.

E-1 PUNTO FlJO E-2
P.K. 12+227.477 P-1 P-2 P.K. 12+303.477

570.0—

0— ‘ SN ‘ |

HE ] H

D00 00 H [
Figura 3-3. Proceso constructivo. Fase I [18].
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3.1.3 Fasell

En esta etapa se lleva a cabo la construccion de la losa del tablero.

E-1 PUNTO FIJO E-2
P.K. 124227 477 Pq P2 P.K. 12+303 477

970.0 =

— 7 FASE 1 TABLERO [ FASE 2 TABLERQ I FASE 3 TABLERQ,

IHM% i il

Figura 3-4. Proceso constructivo. Fase III [18].

o

3.1.4 Fase IV. Situacion definitiva

Esta es la fase definitiva del proceso constructivo llevandose a cabo la instalacion de los acabados
superficiales, pavimento y barreas de seguridad en el puente, garantizando su funcionalidad y seguridad para el
trafico.

E-1 PUNTO FlJO

P K. 124227 477 P-1 P K. 124303477

570.0—

e ‘ ‘ ‘ ‘ ‘ ‘ I - L i
560.0— “.‘

i
i

Al

Il

i il il

Figura 3-5. Proceso constructivo. Fase I [18].

3.2 Tablero

El tablero es una losa aligerada de HP-40 de canto constante e igual a 1,76 m. La seccion transversal tiene un
ancho de 14,00 m con un aligeramiento interior cilindrico formado por 3 cilindros de 1,30 m de diametro.
Ademas, la seccion tiene un aligeramiento exterior en forma de alas conectando con la morfologia de los
puentes cajon.

En la zona de los apoyos en los estribos y en las pilas, asi como en el tramo final de cada una de las fases, la

seccion aligerada del tablero pasa a ser una losa maciza a modo de diafragma. En la Figura “3-7. Fases de
construccion del tablero” se observan estos diafragmas seccionados de color gris.

14,00
4,65 A 4,70 N 4,65
1 i
L 1,10 1,435 3.26 . 1435 110
1 i

YT YT It SOSSTTS -.m&@»

1,76

" o»

3,70 |_ 0,71 5,00 H.?n \_ 3,70
5,70

—

|

Figura 3-6. Seccion tipo de la estructura [18].
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La ejecucion del tablero se realizara en tres tramos distintos siguiendo el siguiente proceso constructivo: En
primer lugar, se colocan los encofrados y armadura pasiva, junto con los ductos para los cables de acero en el
tramo correspondiente. Luego se vierte y cura el hormigdn en ese tramo. Finalmente, la armadura activa se
tesa cuando el hormigon ha alcanzado al menos el 70% de su resistencia caracteristica a los 28 dias.

Este proceso se repite para cada uno de los tramos que se observan en la siguiente imagen separados entre
Fase-1 y Fase-2.

ESQUEMA LONGITUDINAL DEL TABLERO

ESCALA © 1/150 FASE-

STRIBO- 1 PILA-1

AL
] |
1] EENER []

EEEEEEEE

ooooooooooooo VANG EXTREMO E2 \'

20,00 12,20

Figura 3-7. Fases de construccion del tablero [18].

3.3 Armadura activa

La armadura activa queda definida por 16 tendones formados por 24 cordones de acero superestabilizado de
15,24 mm de didmetro nominal y de area 140,00 mm? por cordon, con una carga de rotura de 260,40
kN/cordén y 26,16 Kg/ml de peso en vainas de 11 cm de didametro.

El trazado de los cables, tanto en alzado como en planta, se compone de rectas y parabolas de segundo grado.
Los tendones se tesaran en 3 fases de 4343 kN cada una en el siguiente orden:

- Fase 1: cables 6-10-11-7-8-12-14-2-3-15-16-4

- Fase 2: cables 5-9-11-7-8-12-13-1-3-15-16-4

- Fase 3: cables 6-10-9-5-7-11-12-8-2-14-13-1-3-15-16-4

A continuacion, se muestra la planta del trazado de los cables en la fase 1 a modo de esquema:

FASE 1 4—
EJE DE APOYO EJE DE APOYQO

Estribo 1 Pila 1
T ¥ 2 I 2 @ T Y 7 7T @ @
> > > 3 > 5 S & 58 8 g g
| | | |
\ \ I I
| | |___| |___]

V1-20

Vi-14
V419

I DU — A L]
— . — | — Vi
I B A
| —] V13
. | — . —Jvii5
o — | — . — 1 V118
I U BV
[ P AL

a®a : s s \
| | || /

- — | — vt

14,00

B o O e S S Y S — \K/ | T

" LINEA DE SOLAPO 1

Figura 3-8. Planta del tablero en la Fase 1 [18].
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3.4 Pilas

El puente consta de dos pilas de hormigén HA-30 de planta idéntica con forma de rectangulo con los extremos
redondeados. La seccion tiene un espesor constante en toda su altura; 6,85 m la Pila 1 y 7,20 m la Pila.

Cada una de dos pilas descansan sobre encepados cuadrangulares de 10,00 m de lado compuestos por 4 pilotes
de 2,00 m de diametro cada uno que alcanzan los 14,00 m de longitud.

= 215 570 L 2,15 =

] 1

|,1.00'|’, 2,00 .L 4,00 } 2,00 '!,l,ool,

Figura 3-9. Planta pilas [18].
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Figura 3-10. Alzado frontal y lateral de las pilas [18].
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3.5 Estribos

La estructura cuenta con dos estribos de tipologia cerrados disefiados para soportar las cargas de la
superestructura ferroviaria. El primer estribo que corresponde con el P.K. 12+227.477 es fijo y se encuentra
anclado al terreno mediante 13 pilotes de 1,50 m de diametro, lo que proporciona estabilidad y resistencia a las
fuerzas longitudinales y transversales generadas por el trafico ferroviario y las variaciones térmicas.

El puente se construye desde este primer estribo hasta el estribo 2 situado a 76,00 m de distancia en el P.K.
12+303.477. Este estribo descansa sobre un encepado de 6 pilotes de 1,50 m de diametro.

Cada estribo dispone de un murete de guarda y dos muros laterales que delimitan y encapsulan el bloque
técnico. Este bloque técnico actia como elemento de transicion entre el asiento del estribo y el terraplén de
acceso.
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Figura 3-11. Planta estribo 1 [18].
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3.6 Aparatos de apoyo

El soporte del tablero sobre las pilas y estribos se realiza mediante apoyos de neopreno confinado tipo “POT”
con teflon. La presencia de teflon con su bajo coeficiente de rozamiento, facilita la independizacion de los
movimientos de la superestructura y las pilas en sentido longitudinal.

Cada pila o estribo contara con una pareja de apoyos uno guiado y otro libre separados 3,80 m entre sus ejes,
permitiendo el movimiento unicamente en la direccion longitudinal. Al avanzar a lo largo del puente desde
Madrid hacia Extremadura, es decir desde el estribo 1 al estribo 2, los apoyos guiados se sitian en el lado
izquierdo, mientras que los libres se ubican en el lado derecho.

DE CALAJE

MESETA DEL TABLERO
\ ZN
L | |
\ —

A
BANDEJA_SUPERIOR |_F ‘ ﬂ
| | 1
‘ \ MORTERO DE NIVELACION

DE ALTA RESISTENCIA

Figura 3-14. Aparatos de apoyo tipo “POT” [18].






4 MODELIZACION DE LA ESTRUCTURA

elementos finitos Midas Civil. Este es un software avanzado para el andlisis y disefio de estructuras

civiles mediante el método de elementos finitos. Es ampliamente utilizado en ingenieria civil y ofrece
una interfaz intuitiva y una gran capacidad de analisis que lo hacen una herramienta ideal para la modelizacion
de estructuras complejas como los puentes.

E Ste apartado trata de explicar como se ha modelizado la estructura bajo estudio en el software de

A continuacion, se detallara el proceso de modelizacion, incluyendo la definicion de los materiales, las
condiciones de contorno y las cargas aplicadas. Este analisis permitira evaluar el comportamiento de la
estructura bajo los diferentes escenarios objetivos de este trabajo.

4.1 Simplifcaciones

Se ha optado por modelizar la estructura con un modelo de una unica barra discretizada en elementos de 1
metro. Esta simplificacion se puede llevar a cabo gracias a la geometria sencilla y uniforme que presenta el
puente, en la cual la seccion transversal se mantiene constante a lo largo de toda la longitud, y la dimension
longitudinal es significativamente mayor que las otras dos direcciones. Aunque esta simplificacion hace que se
desprecien los efectos de torsion, sigue siendo valida ya que las cargas mas importantes de la estructura actian
en el entorno del centro de la seccion, mientras que las cargas mas excéntricas son simétricas. Ademas, la
estructura en losa de cajon responde adecuadamente a estas condiciones. Dado que el objetivo es evaluar los
incrementos de tensiones producidos por la variacion de la flexion longitudinal del tablero, este modelo de
barra proporciona una precision suficiente para el analisis requerido.

Figura 4-1. Modelo simplificado de barras en Midas Civil.

4.2 Materiales

En un principio, el tablero quedaria definido por dos materiales, por un lado, el hormigéon HP-40/P/20/11b
segun la instruccion EHE 6 HP-40/P/20/XC4 segtn el actual Codigo Estructural, y por otro lado una armadura
activa de acero de alta resistencia Y1860S7. Sin embargo, el Software no trata a la armadura activa como un
elemento como tal si no como muchas cargas puntuales tomando como direccion en un determinado punto la
resultante de la curva que describe el cable, y como carga la resultante de la tension del mismo por su area.

Como lo que se pretende obtener son los incrementos de tensiones de dichos cables al paso de una carga
dinamica, estos incrementos no dependen de la tension a la que se encuentre en cable antes del paso de la
carga. Por ello, y por el hecho de que el software no lo trate a la armadura activa como un elemento del que se
puedan obtener sus tensiones ante una solicitacion concreta, se decide definir el tablero s6lo con el hormigén.

21
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421 Hormigén HP-40

A continuacion, se muestra las propiedades del hormigon con el que se define el tablero introducidas en el
programa Midas Civil.

General

Material ID 1 Name C40/50
Elasticity Data
Steel
Type of Design Concrete
Standard
? )
Concrete
Standard ~ ENO4(RC) ~

Type of Material Code

O Isotropic Orthotropic

o

Steel
Modulus of Elasticity : 0.0000e+00  gN/m~2
Poisson's Ratio : 0
Thermal Coefficient : 0.0000e+00  1/[F]
Weight Density : 0 kNfm~3

Use Mass Density: 0 kN/m~3/q
=] concrete
Modulus of Elasticity : 3.5220e+07 py/m~2
Poisson's Ratio 3 0.2
Thermal Coefficient : 5.5556e-06 1)[F]
Weight Density : 23 kN/m~3
B use Mass Density: 2549 lym~3fa

Figura 4-2. Propiedades hormigon HP-40 en Midas Civil.

4.3 Tablero

Para modelizar el tablero se han utilizad dos secciones distintas, por un lado, la seccion con aligeramiento
interno cilindrico y por otro la seccidn maciza ubicada en los estribos y en los extremos de cada fase de
construccion, ya que es la zona donde se ancla el postesado.

Ambas secciones son de HP-40 y se han generado a través de la herramienta “Sectional Property Calculator”
que permite importar secciones desde AutoCad y calcular sus propiedades.

Figura 4-3. Tablero en Midas SPC.

El tablero queda completamente definido por 78 elementos tipo BEAM de 1,00 m de longitud. A
continuacion, en las siguientes figuras se muestran las propiedades de las dos secciones y su ubicacion en el
modelo.
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Value [Unit:m]

Area 9703884
SAX 6.973877
SAy 2 255569
box 3590817

Q @ Q Iyy 82.992719
by 0.000000
Jd 8.823599

()Cx 7.000000
()Cx 7.000000
{+)Cy 0.761302
[-1Cvy 1.138698

Figura 4-4. Seccion aligerada en Midas SPC.

Figura 4-5. Ubicacion de las secciones aligeradas en el tablero en Midas Civil.

Value [Unit:m]
Aren 13658980
SAx 12.131881
SAy 3.602829
— boc 4105808
kﬁ\ ° /‘ﬁ lyy 91.950666
Ixy ~0.000000
J 10.946961
")Cx 7.000000
()Cx 7.000000
(*)Cy 0.815941
OCy 1.084059

Figura 4-6. Seccion maciza en Midas SPC.

=

e

s

Figura 4-7. Ubicacion de las secciones macizas en el tablero en Midas Civil.
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4.4 Condiciones de contorno

Como se ha podido observar, la modelizacion de la estructura se ha reducido tinicamente al tablero ya que para
el estudio de la armadura a fatiga no resulta significante modelizar las pilas, estribos o cimentacion. Por ello la
vinculacion de la estructura con el exterior se define con los 8 apoyos de neopreno confinado tipo “POT” con
teflon.

Tanto en el estribo de entrada como en el estribo de salida y en las dos pilas, estos apoyos impiden tinicamente
el desplazamiento vertical en el lado izquierdo si avanzamos por la estructura desde el P.K.- hacia el P.K.+. En
el lado derecho, ademés del desplazamiento vertical se impide también el desplazamiento horizontal en la
direccion transversal a la estructura.

Figura 4-8. Condiciones de contorno de apoyos tipo “POT” en Midas Civil.

Estos apoyos estan vinculados con los elementos que definen el tablero a través de un “Elastic link”
infinitamente rigido con el objetivo de simular el diafragma que hay ubicado en la seccion del apoyo.

Figura 4-9. “Elastic Link” en la zona de los apoyos en Midas Civil.

4.5 Cargas

Este apartado trata de explicar cada una de las cargas que se han introducido en el modelo de Midas Civil. Se
van a diferenciar entre dos tipos de cargas, por un lado, las cargas de tipo estatico como pueden ser el peso
propio y las cargas muertas y, por otro lado, las cargas de tipo dinamico, que son variables en el tiempo y
representan el paso de los trenes por la estructura.

451 Modelizacion de las cargas estaticas

4511 Peso propio

El valor de esta carga se calcula directamente al partir del peso especifico del material constituyente del
tablero del puente. Como hemos visto en el apartado anterior, el tablero es de hormigon HP-40 con un peso
especifico de 25 kN/m3.

451.2 Cargas muertas

Estas cargas representan aquellos elementos de las instalaciones complementarias que se encuentran sobre
el tablero y hacen posible la circulacion del tren. Al haberse modelizado el puente como elementos tipo
BEAM las cargas se introducen en Midas Civil como “Element beam load”, aplicando un “Offset ” que define
la distancia horizontal del elemento tipo BEAM al centro de gravedad del elemento no estructural. A
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continuacion, se describen las caracteristicas del conjunto de cargas y como se han introducido en el modelo.

Balasto: capa de balasto para apoyo de las traviesas con un area de 4,50 m? por metro lineal y un peso
especifico de 18 kN/m? aplicada en el eje del tablero [12].

Traviesas: los trenes de alta velocidad tienen ancho internacional 1,453 m UIC (AI-04), para este
ancho de via segun el “Cuadro D.2: Caracteristicas de las traviesas habituales” de la IAPF se usan
traviesas de hormigén monobloque con una masa de 320 kg y una separacion entre ejes de traviesa de
0,60 m. La ubicacion de las traviesas viene dada en los planos y sitia el centro de gravedad de las
traviesas en 2,35 m a izquierda y a derecha del eje del tablero [12].

Carriles: las caracteristicas de los carriles se obtienen del mismo documento que las traviesas del
“Cuadro D.1: Dimensiones y pesos de los carriles habituales”. Se escoge el carril mas desfavorable
de la tabla por falta de datos, en este caso se trata del UIC 60, con una masa de 0,59 kN/m. La
excentricidad es de 1,63 m para los dos carriles mas cercanos al eje y de 3,09 m para los dos carriles
mas alejados del mismo [12].

Murete guardabalasto: el murete guardabalasto es de ladrillo macizo con un peso especifico de 18
kN/m? y tiene una seccion de 0,1 m?. Tienen una excentricidad a cada lado de 5,16 m [12].

Canaletas: la canaleta es prefabricada de hormigon con un area total de 0,05 m?. El peso especifico del
hormigén es de 25 kN/m? y la carga se aplica a cada lado con una excentricidad de 6,25 m.

Barandillas: por ultimo, se toma una carga de 1 kN/m para las barandillas que se encuentran situadas a
6,85 m del eje a ambos lados del tablero.

Tabla 4-1. Cargas muertas aplicadas sobre el tablero.

4.5.2 Modelizacion de las cargas dinamicas

Balasto Traviesas
Peso especifico (kN/m3) 18 Masa de la traviesa (kN) 3.14
Area (m2) 4.5 Traviesas por metro (Ud/m) 1.67
Excentricidad (m) 0 Excentricidad (m) 1+2.35
Carga (kN/m) 81 Carga (kN/m) 5.23
Carriles Murete guardabalasto
Masa por metro lineal (kN/m) 0.59 Peso especifico (kN/m3) 18
Excentricidad 1 (m) 1.63 Area (m2) 0.1
Excentricidad 2 (m) 3.09 Excentricidad (m) 15.16
Carga (kN/m) 0.59 Carga (kN/m) 1.8
Canaletas Barandillas
Peso especifico (kN/m3) 25 Masa por metro lineal (kN/m) 1
Area (m2) 0.05 Excentricidad 1 (m) +6.85
Excentricidad (m) +6.25 Carga (kN/m) 1
Carga (kN/m) 1.25

Las cargas variables que actian sobre el modelo se pueden clasificar en tres tipos distintos e independientes. El
primer tipo es la carga asociada al vehiculo movil “Load Model 71”. El segundo tipo corresponde con los
trenes de carga para la comprobacion de la fatiga, y el tercer tipo son los trenes de carga para el calculo

dinamico.

Es importante sefialar que hasta la definicion de las cargas dindmicas, se ha tratado al modelo de célculo como
si fuera uno solo. Sin embargo, para facilitar la resolucion practica, se han creado tantos modelos como han
sido necesarios seglin la carga variable a analizar. Esto ha sido posible porque cada uno de los trenes de carga
es independiente de los demas, y el objetivo es conocer la respuesta de la estructura al paso de cada uno de
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ellos, manteniendo siempre en todos los modelos de Midas Civil la misma modelizacion del tablero,
condiciones de contorno y cargas estaticas.

Por otra parte, conviene aclarar coémo se han introducido estas cargas dinamicas en el modelo. Las cargas
dinamicas son sucesivas cargas puntuales que se aplican a los nodos de la estructura, variando en funcion del
tiempo segun la velocidad de paso del tren. Estas cargas simulan el movimiento de los vagones del tren, siendo
una funcion donde, en un instante de tiempo dado, la carga tiene un valor especifico en un nodo mientras que
en los demads es cero. Al siguiente instante de tiempo, la carga se transfiere al nodo contiguo, anulandose en el
nodo anterior. Este proceso se repite sucesivamente a lo largo de todos los nodos, simulando asi el paso de las
cargas puntuales a través del puente.

P(t)

Figura 4-10. Funcién tipo tren de carga.

La modelizacion de estas cargas en Midas Civil se lleva a cabo utilizando la funcion “Time History Function”.
Para cada tren de carga y velocidad especifica, es necesario definir individualmente las funciones
correspondientes. Este proceso, si se realiza manualmente, puede ser extremadamente tedioso y consumir
mucho tiempo. Para agilizar este trabajo, se ha empleado una hoja Excel desarrollada por el tutor de este
trabajo, el profesor Antonio Martinez de la Concha, la cual automatiza la introduccion de las cargas en el
software. Esta hoja Excel precisa de los siguientes datos:

e La distancia entre posiciones de carga del modelo o “paso de cargas” que es igual a 1 m para todos los
tipos de trenes.

e El rango de velocidades de paso del tren asi como el incremento de velocidades, obteniéndose una
“Time History Function” para cada incremento de velocidad comprendido en dicho intervalo.

e El amortiguamiento de la estructura, en este caso igual a 0,02.
e Lalongitud del puente igual a 79 m.

e La duracion de transito que segun el tipo de tren se ha establecido entre el 120% y el 140% del tiempo
de paso para poder analizar el comportamiento de la estructura en condiciones de vibracion libre.

e Numero de modos a estudiar para la obtencion de la respuesta dinamica, en este caso son 83 modos.

e Nodos en los que se aplica la carga. Para ello se han creado 79 nuevos nodos paralelos al eje del tablero
a 2,35 m de distancia vinculados a los elementos del tablero mediante “FElastic Link” rigidos.

Figura 4-11. Nodos para la aplicacion del tren de carga en Midas Civil.
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4521 Load Model 71

Esta carga variable se trata del vehiculo mévil “Load Model 71" segin EN-1991:1-2-2003-Rail Traffic
Load. Este es el modelo de carga estandarizado utilizado para el disefio y evaluacion de puentes ferroviarios.
El modelo del puente al que se aplica esta carga va a permitir conocer tras el analisis de los resultados, cual es
la seccion mas desfavorable del puente ante una carga variable ferroviaria.

Dado que se trata de una carga estandarizada, no ha sido necesario usar la hoja Excel para su
implementacion. El propio software Midas Civil facilita su aplicacion de manera sencilla mediante la
definicion previa de carriles virtuales sobre los que actia la carga. Estos carriles se definen segln la seccion
transversal de la imagen Figura 3-6. Seccion tipo de la estructura [18].

Standard Name
EM 1991-2:2003 - Rail Traffic Load ~

Vehicular Load Properties

Vehicular Load Name : Load Model 71
Vehicular Load Type : Load Model 71 w
Pt Pz Pz Pt
a1 l l l l Wz
> 4 o et (S0 T i
I dD1 Il Iz k] Dz ik

No  Load(kN)  Spacing(m)

1 250 1.6 dwi 80 kN/m

2 250 1.6 57 Infinity m

3 250 1.6 E—————

4 250 end 1 08 m
dw2 80 kN/m
DD2 Infinity m
db2 0.8 m

Adiustment factor (Alpha) : 1

[ Consider Longitudinal Distribution of Point Loads
0.75

[ Eccentricity of Lateral Displacement of Vertical Loads : 0

Figura 4-12. Propiedades de la carga de UIC71 en Midas Civil.

Figura 4-13. “Traffic Lane” definida en Midas Civil.

En la practica habitual se habria modelizado la carga en las dos “Traffic Lane” que tiene el puente, sin
embargo, dado que el objetivo es estudiar a fatiga la armadura del tablero, se entiende que a lo largo de la vida
util de la estructura rara vez coincidiran dos trenes pasando a la vez sobre el puente.

il 1
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4522 Trenes de carga para la comprobacion de la fatiga

Para la comprobacion frente al estado limite de fatiga, se consideran todas las cargas variables repetidas,
inducidas por la accion del trafico ferroviario, que se prevé que actien a lo largo de la vida til de la estructura,
estimada en 100 afios.

A continuacion, se definen las propiedades de cada uno de los trenes de carga que se han introducido en los
modelos de Midas Civil de manera independiente. Para cllo se ha empleado la hoja Excel donde se ha
establecido una duracion de transito del 120% del tiempo de paso y las velocidades de paso y cargas aplicadas
son las que se detallan a continuacion segun dicta la Instruccion de Acciones a Considerar en Puentes de
Ferrocarril (IAPF).

6 x 225kN 4 x 110kN 4 x 110kN 4 x 110kN
9 x (4 x 110 kN)
| | | | | |
I 1 1 1 1 1
¥ rYyY vy YUY BEA (]
1,422 69 22 1,426 11,5 2618 115 26 1,8 1,5 2,6
H— A —HHH I —H I
2.2 2,218 1.8 2,6 1.8 2,6 1.8
18,5 | 20,3 | 20,3 | 20,3 L 9 x 20,3 L
| | | 1 1 1
Figura 4-14. Tren Tipo 1. Tren de pasajeros con locomotora. V=200 km/h [12].
4 x 225kN 4 x110kN 4 x110kN
‘ | | | 8 x (4 x 110kN) |
I I I I 1
A Yy ¥y v¥Y Yy ¥ Yy
14 67 3325 16,5 25 25 16,5 2,5
| | | I I I I | I |
I I I | T T T 1 11 1
3,3 14 25 25 25 2,5
16,1 | 26,5 L 26,5 8 x 26,5
| 1 | |
Figura 4-15. Tren Tipo 2. Tren de pasajeros con locomotora. V=160 km/h [12].
4 x 200kN 4 x 150kN 4 x 150kN 4 x 200kN
| | | 11 x(@x150kN) | |
I I I I I 1
Yy B B B v Y vy vy
4,7 846 3 245 2,45 2,45 2,45 16,5 2,45
—— 1 — 1 1 ——
3 2 25 25 2,5 2,5

21,16 | 26,4 | 11x264 | 26,4 | 21,16
|

Figura 4-16. Tren Tipo 3. Tren de pasajeros de alta velocidad. V=250 km/h [12].
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4 x 170kN 3 x 170kN 2 x 170kN 2 x 170kN 3 x 170kN 4 % 170kN
| | | | Vi | | |
I 1 1 1 1 1 1

1 Y 3 Y J y J i

3,5 11 3165 157 15 157 15 15 157 15 157 1653 11
— 4 HH H— H HH - I
1,65 3 1,5 1,5 31,65
22,15 21,85 | 18,7 | | 18,7 | 21,85 | 22,15

I I i I I

Figura 4-17. Tren Tipo 4. Tren de pasajeros de alta velocidad. V=250 km/h [12].

6 x 225kN 6 x 225kN 6 x 225kN 6 x 225kN
| | | | | | 11 x (6 x 225kN)
I I I I I I
Yy Yy r Y Yvy AR vy Yvo vy Yvy Yvy
21 44 21 2 1857 18 2 1857 18 2 1857 18 2 1857 1,8
I | I Y | I | I I | I I |
T 11 T 1T 1T 1T 171 1T 1T 1T 1T T T T 1T 1T 11T 1T 1T 17T T 1T 1
2 21 21 2 18 18 2 18 1,8 2 18 1,8 2 1,8 18 2
16,8 | 16,9 | 16,9 | 16,9 L 16,9 ‘ 11 x 16,9
1

=

6 x 225KN 2x 70KN 2 x 70KN 4 x 225KN 2 x 70KN 4 x 225KN

| L | A | A | B | A | c | C | A | B | B
YYY OYYYVOYPO¥ BRA LA I B B B )
21 44 21196519 65 18 128 1,8 65 16 8 16
1 1 I | | | 1 I I | 11 1 | 11 | | |
T T T 11 11 11 1T 11 I I I
2 21 21 2 1,9 1,918 1819 1918 1,8
16,8 | 103 | 103 | 20 | 103 | 148 , , ,
I I I I I I I I I I
Figura 4-19. Tren Tipo 6. Tren de mercancias con locomotora. V=100 km/h [12].
6 x 225kN 4 x 225kN 4 x 225kN 4 x 225kN 4 x 225kN
| | | | | ‘ 6 x (4 x 225kN)
I I I I I I
vYew (BRI Y o 'y vy Y VY vy
1422 69 221418 11 1618 11 1,618 11 1618 11 1,6
H— 1 -4 HHH HH e
2,2 2216 1,816 1,81,6 1,81,6 1,8
18,5 | 17,8 | 17,8 | 17,8 | 17,8 L 6x17,8
I 1 1 1 | A

Figura 4-20. Tren Tipo 7. Tren de mercancias con locomotora. V=120 km/h [12].
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2 x 225kN 2 x 225kN 2 x 225kN 2 x 225kN

16 x (2 x 225kN)

YyYyYpvy YVvY% T A ¥ L ’ y I
1422 69 2214 55 2155 2155 2155
H—— H—HH Ht—t+t+t—+++—1 I
2,2 2221 _ 21 2,1 2,1 2,1
18,5 | 9.7 | 97 | 9,7 | 9,7 16 x 9,7
I T T T T T 1
Figura 4-21. Tren Tipo 8. Tren de mercancias con locomotora. V=100 km/h [12].
4 x 130kN 4 x 110kN 4 x 130kN 4 x 130kN 4 x 110kN 4 % 130kN
I I I I I
L v Y Y T v Ty Y
2,15 14 25215 11,5 25215 14 252,15 14 25215 11,5 25215 14 2,5
11 | I I 1 1 1 | 1 1 1 | 1 1 1 | I I 1 1
LI T T LI 1 UL 1 T T 1T T LI T T T T T 1
2,5 2,152,5 2,525 2,525 21525 2,1525 2,5
67,4 | 67,4
I
134,8

16,2 L 182 , 162 L 162 , 162, 162 , 162 , 162
129,6

Figura 4-23. Tren Tipo 10. Metro. V=120 km/h [12].

6 x 225kN 4 % 250kN 4 x 250kN 4 x 250kN

| | | | | 7 % (4 x 250kN) |
f T T T T 1

Yy F v " LR Y Yy LI Ty
1,4 22 68 22 14 1 21,5 11 21,5 11 1,5
I I o | I | I I | [ |
T T 1T T T 1T T T T T T T 1T 1

2,2 2215 15 2 1,5 2 2

18,5 | 18 | 18 L 18 7 %x18,0
T T

Figura 4-24. Tren Tipo 11. Tren de mercancias con locomotora. V=120 km/h [12].
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6x225kN 2 x 250kN 2 x 250kN 2 x 250kN 2 x 250kN
| | 16 x (2 x 250kN)

97 | 16 x 9,7
1

Figura 4-25. Tren Tipo 12. Tren de mercancias con locomotora. V=100 km/h [12].

4.5.2.3 Trenes de carga para el calculo dinamico

Para un estudio mas exhaustivo de la respuesta de la armadura a la fatiga, se somete a la estructura a los

modelos de carga HSLM (High Speed Load Model), definidos en la norma UNE-EN 1992-1. Segun el

apéndice C de la I4PF, se establece la obligatoriedad de analizar estos modelos en el disefio de puentes de alta
velocidad, asegurando asi que los efectos dinamicos de los trenes reales actuales estén cubiertos.

Dado que la estructura bajo estudio es un puente continuo de mas de 7 m de luz, se empleara el Tren

Dinamico Universal-A, garantizando asi resultados envolventes de los efectos dinamicos producidos por todos

los trenes de alta velocidad. Este modelo consta de 10 trenes que se diferencian por el nimero de coches de
pasajeros, la longitud del coche, la distancia entre ejes de un bogie, la carga nominal por eje y la longitud del

comboy.

Tabla 4-2. Definicion del Tren Dinamico Universal-A [12].

NUMERO DE LONGITUD DISTANCIA ENTRE CARGA NOMINAL
COCHES DE DEL COCHE EJES DE UN POR EJE
PASAJEROS D [ml BOGIE P kNI
" dm]
A1 18 18 2,0 170
A2 17 19 35 200
A3 16 20 2,0 180
A4 15 21 3.0 190
A5 14 22 2,0 170
A6 13 23 2,0 180
A7 13 24 2,0 190
A8 12 25 25 190
A9 1 26 2,0 210
A10 1 27 2,0 210
d d d d d d
1 D 1 1 i i D i
1 1
/ ‘ | Locomotora | ‘ | | ‘ | C. Intermedio | | Coche de pasaeros| [ ] ‘Cochede pasajeros | h C. Intermedio | ‘ || | | Locomotora ‘ |
+ ¥ + o+ + * o+ * + + + + o+ o+ + ¥
(0N 0] o0 OO QO Q0O © O (o) o] o0 Q0 OO
o (—— [ — I |
3 1 3 3.525 D 3.525 3 1" 3

N coches de pasajeros

Figura 4-26. Definicion grafica del Tren Dindmico Universal-A [12].
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Para la implementacion de las “7Time History Function” que simulan estos trenes también ha sido necesario
el uso de la hoja Excel. En este caso al tratarse de trenes mas exigentes que los trenes para la comprobacion de
fatiga, se prevé que la vibracion libre de la estructura permanecera mas en el tiempo, por ello se ha
incrementado la duracion de transito hasta el 140% del tiempo de paso.

Respecto las velocidades de paso de cada tren es de buena practica realizar el estudio en un intervalo entre
20 km/h y 400 km/h. Sin embargo, para reducir ¢l analisis de velocidades que no van a excitar suficientemente
la estructura, dado que el software permite conocer los modos de vibracion de la estructura y sus frecuencias
naturales, basta con multiplicar la frecuencia del modo de vibracion que movilice méas masa vertical por la
longitud del coche de cada tren. Asi se reducen las velocidades minimas de este intervalo manteniéndose la
maxima en 400 km/h.



5 RESULTADOS

L presente capitulo trata de plasmar todos los resultados que han sido necesarios obtener para completar

el analisis objetivo de este trabajo que era comprobar el comportamiento a fatiga de la armadura del

tablero. Se abordara el andlisis modal de la estructura, asi como la obtencion de la seccion mas
desfavorable de la misma. Por tltimo, comprobaremos el comportamiento de las armaduras al paso de los
trenes de fatiga y al paso de los trenes dindmicos de la /APF.

5.1 Analisis modal

Antes de cualquier estudio dindmico es fundamental abordar el analisis modal realizado. El objetivo principal
del analisis modal es verificar que se moviliza al menos el 90% de la masa modal efectiva en cada direccion
principal de la estructura tal y como considera la [4PF. Este analisis permite identificar las frecuencias
naturales y los modos de vibracion de la estructura, asegurando que las respuestas dindmicas sean
adecuadamente evaluadas.

A continuacion, se muestra una tabla obtenida directamente del modelo de Midas Civil donde se pueden
identificar aquellos modos que mas masa movilizan en cada direccion y el total acumulado.

Tabla 5—1. Masa movilizada por cada modo de vibracion en Midas Civil.

- TRAN-X TRAN-Y TRAN-Z ROTN-X ROTN-Y’ ROTN-Z
MASS(%) | SUM(%) | MASS(%) | sum(%) | MAss(%) | sum(%) | mAss(%) | sum(%) | MASS(%) | SUM(%) | MASS(%) [ SUM(%)

1 2.08 2.08 0 0 4.93 4.93 0 0 0 0 0 0
2 38.55 40.64 0 0 5.45 10.38 0 0 25.79 25.79 0.01 0.01
3 9.4 50.04 0 0 36.98 47.36 0 0 13.7 39.49 0.01 0.02
4 39.1 89.14 0.01 0.02 17.65 65.01 0 0 3.67 43.16 0.09 0.1
5 0.8 89.94 0 0.02 0.13 65.14 0 0 18.32 61.48 0.01 0.11
6 0.07 90.01 12.53 12.55 0.01 65.15 0 0 0.02 61.5 0.02 0.13
7 0.27 90.29 0.1 12.65 0.19 65.33 0 0 0.01 61.51 0.14 0.28
3 0.52 90.81 0.64 13.29 0.28 65.61 0 0 0.04 61.55 1.36 1.63
9 0.23 91.04 4.37 17.66 0.26 65.87 0 0 0.09 61.64 38.19 39.82
10 0.25 91.29 42.02 59.68 0.49 66.37 0 0 0.04 61.68 10 49.83
11 0.42 91.7 7.82 67.5 5.68 72.05 0 0 0.04 61.72 0.74 50.57
12 4.86 96.57 3.89 71.39 0.2 72.25 0 0 0.25 61.96 2.26 52.83
13 0 96.57 0.02 71.41 0 72.25 0 0 0 61.96 11.43 64.26
14 0 96.57 0 71.41 0 72.25 0 0 0.03 62 0 64.26
15 0.4 96.97 0.04] 71.45 0.75 73 0 0 1.15 63.15 0.06 64.32
16 0.04] 97.02 0 71.45 3.76 76.76 0 0 2.46 65.61 0.01 64.32
17 1.25 98.27 0.09 71.54 0.45 77.21 0 0 5.22 70.83 0.08 64.41
18 0 98.27 0 71.54 2.47 79.68 0 0 0 70.83 0 64.41
19 0.24] 98.51 0.06) 716 1.09 80.77 0 0 0.07 70.9 0 64.41
20 0.12 98.63 0.27 71.87 0.42] 81.19 0 0 0.03 70.93 0.25 64.66
55 0 99.8 1.12 88.1 0 89.43 0 0 0 81.35 1.48 79.22
56 0 99.8 0 88.1 0.02 89.45 0 0 0.01 81.36 0 79.22
57 0.01 99.81 0 88.1 0.29 89.73 0 0 0.23 81.59 0 79.22
58 0 99.81 0 88.1 0 89.73 0 0 0 81.59 0.46 79.69
59 0 99.81 0 88.1 0.1 89.83 0 0 0.35 81.94 0 79.69
60 0 99.82 0 88.11 0.33 90.16 0 0 0.05 81.99 0 79.69
61 0 99.82 0 88.11 0.33 90.48 0 0 0.06 82.05 0 79.69
62 0.01 99.82 0 88.11 0.12 2.6 0 0 157 83.62 0 79.7
63 0 99.82 0 88.11 0.07 90.68 0 0 0 83.62 0.1 79.8
64 0 99.82 0 88.11 0 90.68 0 0 0 83.62 0.12 79.92
65 0.01 99.83 0 88.12 0.28 90.96 0 0 0.37 83.99 0.02 79.94
80 0.03 99.93 0.03 89.86 0.45 92.7 0 0 0.13 87.11 0.06 81.74
81 0.01 99.94 0.01 89.87 0 92.7 0 0 0.02 87.14 0.02 81.76
82 0 99.94 0 89.87 0 92.7 0 0 0 87.14 0 81.76
83 0 99.94 0.34 90.21 0 92.7 0 0 0 87.14 0 81.76

Se determina que con analizando 83 modos de vibracion se moviliza mas del 90% de la masa total del puente.
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5.1.1 Frecuencias naturales

Como se ha explicado en el apartado anterior, si se divide la velocidad de paso del tren entre la longitud del
coche, se obtiene la frecuencia con la que se repite la accion de paso del paso de las cargas. Si un tren que esta
compuesto por varios coches de una determinada longitud, pasa sobre ¢l puente a una velocidad que excite una
de las frecuencias naturales de la estructura, el paso repetitivo de cada uno de los coches podria hacer que el
puente entrase en resonancia, provocando desplazamientos y esfuerzos muy significativos respecto cualquier
otra carga estatica.

Tabla 5-2. Diez primeras frecuencias naturales de la estructura en Midas Civil.

Mode N2 Frequency Period

(rad/sec) | (cycle/sec) (sec)
1 24.457616 3.892551 0.256901
2 38.970033 6.202273 0.161231
3 47.519883 7.563024 0.132222
4] 62.372157 9.926837 0.100737
5 84.031154 13.373973 0.074772
6 94.252562 15.000761 0.066663
7] 133.126945 21.187811 0.047197
8| 143.121316 22.778465 0.043901
9] 151.895142 24.174863 0.041365
10( 158.851597 25.282017 0.039554

5.1.1.1 Velocidades de estudio para los trenes de carga dinamicos

A continuacion, con el objetivo de determinar un intervalo mas estricto para el posterior estudio de los
trenes de carga dindmicos, se relaciona la tabla anterior de las diez primeras frecuencias naturales del puente
con las longitudes de coche de los diez trenes dinamicos universales-A que se muestran en la “Tabla 4-2.
Intervalo definicion del Tren Dinamico Universal-A [12] .

Lo ideal seria estudiar el modo 3 dado que es el modo que mas masa moviliza verticalmente. Sin embargo,
su frecuencia natural es 7,563024 ciclos/s que multiplicando por 18 m que es la longitud de coche mas
pequeiia, la del tren A-1, se obtiene una velocidad de 490 km/h que a dia de hoy no es capaz de alcanzar
ningun tren de alta velocidad.

Por ello, para este puente, la definicion del intervalo de velocidades de paso que se van a estudiar para los
trenes de carga dinamicos viene dado como minimo por aquellas velocidades que excitan el primer modo de
vibracion y que exponen en la siguiente tabla.

Tabla 5-3. Intervalo de velocidades de estudio para los trenes dinamicos universales-A.

Tren (LR ICk Vmin (km/h) | Vmax (km/h)
coche D (m)

Al 18 252.24 400.00
A2 19 266.25 400.00
A3 20 280.26 400.00
A4 21 294.28 400.00
A5 22 308.29 400.00
A6 23 322.30 400.00
A7 24 336.32 400.00
A8 25 350.33 400.00
A9 26 364.34 400.00
A10 27 378.36 400.00

5.2 Seccion critica de Estudio

En el analisis de la estructura para evaluar su comportamiento frente a fatiga, se ha optado por focalizar el
estudio en la seccion mas desfavorable del puente. Esta decision se basa en que si la seccion mas critica
cumple con los requisitos resistencia y durabilidad frente a las cargas ciclicas, se puede inferir con alto grado
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de confianza que el resto de la estructura cumplira también con dichos requisitos.

Este enfoque reduce significativamente la complejidad y la carga de trabajo asociada con el analisis de fatiga
del puente completo lo cual seria un proceso intensivo y costoso y no aportaria contenido adicional relevante
para la conclusion del trabajo.

5.21 Eleccion de la seccion critica

En el “Capitulo 4. Modelizacion de la estructura”, se ha explicado como se han modelizado varios modelos
en Midas Civil, cada uno con objetivos distintos, pero todos basados en la misma estructura. Para este
apartado, ha sido necesario obtener los resultados del modelo del tablero asociado a la carga del vehiculo
movil “Load Model 71”. La seccion mas desfavorable en la que se centrara el estudio de fatiga sera aquella
que sufra los mayores esfuerzos bajo esta carga movil.

A continuacién, se muestran los resultados obtenidos:
MOMENT-y

€.15227e+03
4.97865e+03

3.80502e+03
2.63140e+03
1.45777e+03
0.00000e+00
-8.89476=+02
-2.06310e+03
-3.23673e+03

-4.41035e+03

-5.583982+03

-6.75760e+03

Figura 5-1. Momento longitudinal bajo la carga movil “Load Model 71 en Midas Civil.

Tal y como se puede esperar de una estructura de esta tipologia, se observa que la seccion mas desfavorable se
encuentra en el apoyo sobre las pilas. En concreto, el momento méaximo es de -6757,60 kN-m. El
procedimiento constructivo del tablero en tres fases postesadas distintas, obliga a ubicar al principio y al
término de cada fase secciones macizas con la capacidad de soportar el anclaje del tesado. Esto hace que la
estructura no sea del todo simétrica, determinando asi, tras este analisis, que la seccion mas desfavorable es la
que se encuentra sobre la segunda pila.

A continuacion, se muestra el armado de la seccion maciza sobre la segunda pila:

PILA 2
, 14,00 L
0,20 1.92 0,20 1,60 0,20 1.92 0,20 ‘
'! il 1 ’I A 1 17
® @ ® ® ® E)
0,20 1,86 0.20 160 0,20 1,86 0,20
¥+ o
z ONO; @ @ © @ =
4
S - e <4 & ] ﬂiﬂ
F [=]
o . 4 s g =

0,17

2,30 JL 1,40 Lo,?OJL 5.20 lo,m L 1,40 L 2,30 L
+ A +

A l A #

Figura 5-2. Armado de la seccion sobre la segunda pila.

La armadura activa esta dispuesta en la fibra superior para contrarrestar las tracciones que se dan en la zona del
apoyo. Se observan dos filas de ocho tendones cada una, la inferior se encuentra a una cota de 1,21 m respecto
a la base del tablero y la superior a 1,61 m. Debido a que en este trabajo solo se estan teniendo en cuenta los
esfuerzos longitudinales, de los 16 tendones, el estudio se centra en cualquiera de los ocho que se encuentran
en la fila superior, dado que son a los que se someteran a mayores tensiones. Esta fila de tendones se encuentra
a 0,5929 m respecto al centro de gravedad de la seccion.

Por otro lado, siguiendo el mismo razonamiento para la armadura pasiva, se determina que el analisis de fatiga
se realizara sobre los redondos (320 de la fibra superior, ubicada a 0,7722 m respecto al centro de gravedad de
la seccion.
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5.3 Resultados de los trenes de carga de fatiga

Anteriormente se ha mencionado que de Midas Civil no permite obtener directamente las tensiones en la
armadura. Sin embargo, es posible determinar estas tensiones utilizando la siguiente relacion basada en la
resistencia de materiales:

Donde:
e ¢ — Eslatension en el punto donde se encuentra la armadura mas desfavorable.
e M — Es el momento flecto aplicado sobre la seccion.
e | — Es el momento de inercia de la seccion.

e vy — Esladistancia desde el centro de gravedad hasta el punto donde se calcula la tension.

5.3.1 Momentos flectores al paso de los trenes de fatiga

De la anterior relacion, el tinico valor que no se conoce es el momento flector. El momento de inercia de la
seccion critica es de 4,10581 m* y la distancia desde el centro de gravedad hasta la armadura es la que se acaba
de definir, para la armadura activa: 0,5929 m y para la armadura pasiva: 0,7722 m.

Los momentos flectores se obtienen de manera muy sencilla desde la pestafia “Time History Smart Graph” de
Midas Civil. A continuacion, se muestra para cada tipo de tren, una grafica que representa el momento flector
de la seccion critica al paso de la carga moévil.

5.3.1.1  Trentipo 1

TRENTIPO 1

1000

-1000

-1500

-3000

-3500

—Time(s) ——Moment My (kN-m)

Figura 5-3. Momento longitudinal en la seccion critica ejercido por el tren tipo 1.
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Tren tipo 2

5.3.1.2

TREN TIPO 2
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Figura 5-4. Momento longitudinal en la secci

Tren tipo 3

5.3.1.3
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Figura 5-5. Momento longitudinal en la secci
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Tren tipo 4

5.3.1.4
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Figura 5-6. Momento longitudinal en la secci

Tren tipo 5

5.3.1.5

TREN TIPO 5
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Figura 5-7. Momento longitudinal en la secci
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Tren tipo 6

5.3.1.6

TREN TIPO 6
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Figura 5-8. Momento longitudinal en la secci

Tren tipo 7

5.3.1.7

TREN TIPO 7
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Figura 5-9. Momento longitudinal en la secci



Resultados

40

Tren tipo 8

5.3.1.8

TREN TIPO 8
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Figura 5-10. Momento longitudinal en la seccion critica ejercido por el tren tipo 8.

Tren tipo 9

5.3.1.9

TREN TIPO 9
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Figura 5-11. Momento longitudinal en la seccion critica ejercido por el tren tipo 9.
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5.3.1.10 Tren tipo 10

TREN TIPO 10
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Figura 5-12. Momento longitudinal en la secci

5.3.1.11 Tren tipo 11

TREN TIPO 11
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Figura 5-13. Momento longitudinal en la seccion critica ejercido por el tren tipo 11.
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5.3.1.12 Tren tipo 1

TREN TIPO 12

1000

-5000

—Time(s) ——Moment My (kN-m)

Figura 5-14. Momento longitudinal en la seccion critica ejercido por el tren tipo 12.

5.3.2 Calculo del dafo acumulado

El célculo del dafo generado por el paso de un tren se basa en las directrices del Cddigo Estructural,
concretamente en el articulo 6.8.4. del “Anejo 19. Proyecto de estructuras de hormigon. Reglas generales y
reglas para la edificacion”. Este articulo establece el procedimiento para la comprobacion de las armaduras
pasivas y activas mediante los diagramas S-N correspondientes. [19]

A
log Aa, |A| b=k

Armadura correspondiente
al limite elastico

L
N* log N

Figura 5-15. Forma del diagrama de la resistencia caracteristica a la fatiga [19].

Para utilizar este diagrama, es esencial conocer los incrementos de tensiones. Estos incrementos se pueden
calcular de manera sencilla utilizando una hoja de célculo Excel y los datos obtenidos de las graficas anteriores
para cada tipo de tren, definiendo el incremento de tensiones como la diferencia entre un maximo y un minimo
de la grafica.

A continuacion, se describen los valores necesarios para describir por completo la grafica y poder comprobar
la armadura a fatiga distinguiendo entre armadura activa y armadura pasiva.
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5.3.21  Armadura pasiva

Tabla 5—4. Parametros para diagramas S-N de armaduras pasivas [19].

Exponente de las tensiones 5
Tipo de armadura N* Aogg, (N/mm?) para
N ciclos
key ka
Barras rectas y dobladas’ 106 5 9 162,5
Barras y mallas electrosoldadas 107 3 5 58,5
Dispositivos de empalme 107 3 5 35

La armadura pasiva se compone por barras rectas y dobladas. En base a la tabla anterior, los parametros
correspondientes para definir la curva S-N son los siguientes:

N* =10°
k1=5
k2=9

Aoger = 162,5 N/mm?

Los incrementos de tensiones obtenidos son muy pequefios, asi que para obtener del diagrama el niimero de
ciclos por incremento de tension, es suficiente con definir el segmento de la funcidén que va desde N* hasta el
punto de interseccion con el eje horizontal. Los extremos de este segmento son el punto de coordenadas
[log(10°);10g(162,5)] y punto de interseccion con el eje horizontal (y=0) para una pendiente 9:1, que es
igual a log(102589768029)

Curva S-N armadura pasiva

2.4
2.2 L 6;2.210853365

1.8
1.6
1.4
1.2

0.8 25.89768029; 0
0.6
0.4
0.2 .
0 "o
0 5 10 15 20 25 30

Figura 5-16. Segmento suficiente de la curva S-N en Excel.

Una vez descrita la funcion y conocidos los logaritmos de los ciclos de carga, el dafio parcial producido por
cada incremento de tension se calcula como la inversa del nimero de ciclos de carga correspondiente a cada
incremento.

Sumando el dafio parcial de cada incremento de carga se obtiene el dafio que genera en la armadura pasiva
el paso de cada tipo de tren. Estos calculos se han realizado en hojas de calculo Excel relativamente extensas,
por lo que, con el objetivo de no sobrecargar esta memoria, se adjuntan al final de la misma a modo de anexo.

A continuacion, se muestra el resumen del dafio que provoca el paso de cada tipo de tren sobre la armadura
pasiva.
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Tabla 5-5. Resumen dafio total armadura pasiva en Excel.

TIPO DE TREN DANO TOTAL ARMADURA PASIVA
Tipo 1 8.21682E-28
Tipo 2 9.93973E-29
Tipo 3 1.69648E-29
Tipo 4 6.46208E-30
Tipo 5 3.19501E-27
Tipo 6 8.30603E-28
Tipo 7 7.56997E-28
Tipo 8 5.79422E-28
Tipo 9 3.92968E-31

Tipo 10 2.01228E-31
Tipo 11 7.88807E-28
Tipo 12 5.96268E-28

5.3.2.2 Armadura activa

Tabla 5-6. Parametros para diagramas S-N de armaduras activas [19].

Exponente de las tensiones

Diagramas S-N para la armadura N Aogge (N/mm?) para

activa N* ciclos
ky k;

Armadura pretesa 106 5 9 185

Armadura postesa

Monocordones en vainas de

6
pléistico 10 5 9 185
Tendones rectos o curvos en 106 5 10 150
vainas de plastico
Tendones curvos en vainas de 106 5 7 120
acero
Dispositivos de empalme 10° 5 5 80

Para la armadura activa se sigue el mismo procedimiento que para la armadura pasiva, pero utilizando
parametros diferentes. Al tratarse de tendones curvos en vainas de acero, los parametros son los siguientes:

N* =107
k1=5
ky =7

Aogg, = 120 N/mm?

En este caso, el segmento queda definido entre el punto de coordenadas [log(10°) ;1og(120)] y el punto
de interseccion con el eje horizontal (y=0) para una pendiente 7:1, que corresponde a log(1020,55426872)
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figura 5-17. Segmento suficiente de la curva S-N en Excel.

A continuacion, se presenta el resumen del dafo que provoca el paso de cada tipo de tren sobre la armadura

activa.

Tabla 5—7. Resumen dafio total armadura activa en Excel

TIPO DE TREN DANO TOTAL ARMADURA ACTIVA
Tipo 1 4,16452E-23
Tipo 2 5.03775E-24
Tipo 3 8.59824E-25
Tipo 4 3.27517E-25
Tipo 5 1.61932E-22
Tipo 6 4,20974E-23
Tipo 7 3.83669E-23
Tipo 8 6.66132E-25
Tipo 9 1.99168E-26
Tipo 10 1.01988E-26
Tipo 11 3.99791E-23
Tipo 12 3.02206E-23

5.3.3 Comprobacion de la armadura a fatiga

Para la verificacion frente al estado limite de fatiga, se considera el dafio acumulado que genera el paso de
estos 12 trenes a lo largo de toda la vida util de la estructura, estimada en 100 afos. Este analisis se basa en las
combinaciones de trafico definidas en la /4PF. Las combinaciones de trafico son fundamentales para reflejar
las condiciones reales a las que estara sometida la estructura durante su vida 1til y varian segun el tipo de
trafico predominante en la via. Las combinaciones consideradas son:

e Trafico normal: Combina trenes de pasajeros y trenes de mercancias, proporcionando una mezcla
equilibrada que refleja condiciones operacionales tipicas.

e Trafico pesado: Enfocado principalmente en el transporte de mercancias pesadas.

o Trafico ligero: predominantemente compuesto por trenes de pasajeros.

Estas combinaciones permiten determinar el dafio total acumulado y evaluar la resistencia a fatiga de las

armaduras [12].
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Tabla 5-8. Combinaciones para trafico normal [12].
TREN TIPO TRENES POR DIA MASA POR TREN [t] TRAFICO [10° t/ano]
1 12 663 2,90
2 12 530 232
3 h 940 1,72
4 h 510 0,93
h 7 2160 5,52
6 12 1431 6,27
7 8 1035 3,02
8 6 1035 2,27
Total 67 24,95
Tabla 5-9. Dafio total para trafico normal en Excel.
TRAFICO NORMAL
TIPODE | TRENES| VIDA UTIL ARMADURA ACTIVA ARMADURA PASIVA
TREN /DiA (DiAs) DANO TREN TIPO |DANO (VIDA UTIL)| DANO TREN TIPO | DANO (VIDA UTIL)
1 12 4.16452E-23 1.82406E-16 8.21682E-28 3.59897E-21
2 12 5.03775E-24 2.20653E-17 9.93973E-29 4.3536E-22
3 5 8.59824E-25 1.56918E-18 1.69648E-29 3.09607E-23
4 5 365000 3.27517E-25 5.97719E-19 6.46208E-30 1.17933E-23
5 7 1.61932E-22 4.13737E-16 3.19501E-27 8.16324E-21
6 12 4.20974E-23 1.84387E-16 8.30603E-28 3.63804E-21
7 8 3.83669E-23 1.12031E-16 7.56997E-28 2.21043E-21
8 6 6.66132E-25 1.45883E-18 5.79422E-28 1.26893E-21
TOTAL ACTIVA 9.18252E-16 TOTAL PASIVA 1.93577E-20
Tabla 5-10. Combinaciones para trafico pesado [12].
TREN TIPO TRENES POR DiA MASA POR TREN [t] TRAFICO [10° t/ano]
h 6 2160 4,73
6 13 1431 6,79
1 16 1135 6,63
12 16 1135 6,63
Total 51 24,78
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Tabla 5-11. Daflo total para trafico pesado en Excel.
TRAFICO PESADO
TIPODE |TRENES ' VIDA UTIL ARMADURA ACTIVA ARMADURA PASIVA
TREN /DIA (DIAS) DANO TREN TIPO | DANO (VIDA UTIL)| DANO TREN TIPO | DANO (VIDA UTIL)
5 6 1.61932E-22 3.54632E-16 3.19501E-27 6.99707E-21
6 13 365000 4.20974E-23 1.99752E-16 8.30603E-28 3.94121E-21
11 16 3.99791E-23 2.33478E-16 7.88807E-28 4.60664E-21
12 16 3.02206E-23 1.76488E-16 5.96268E-28 3.4822E-21
TOTAL ACTIVA 9.6435E-16 TOTAL PASIVA 1.90271E-20
Tabla 5—-12. Combinaciones para trafico ligero [12].
TREN TIPO TRENES POR DiA MASA POR TREN [t] TRAFICO [10° t/aio]
1 10 663 24
2 5 530 1,0
5 2 2160 14
9 190 296 20,5
Total 207 25,3
Tabla 5—13. Datio total para trafico ligero en Excel.
TRAFICO LIGERO
TIPODE | TRENES | VIDA UTIL ARMADURA ACTIVA ARMADURA PASIVA
TREN /DIA (DiAs) DANO TREN TIPO | DANO (VIDA UTIL)| DANO TREN TIPO | DANO (VIDA UTIL)
1 10 4.16452E-23 1.52005E-16 8.21682E-28 2.99914E-21
2 5 2365000 5.03775E-24 9.19389E-18 9.93973E-29 1.814E-22
5 2 1.61932E-22 1.18211E-16 3.19501E-27 2.33236E-21
9 190 1.99168E-26 1.38123E-18 3.92968E-31 2.72523E-23
TOTAL ACTIVA 2.80791E-16 TOTAL PASIVA 5.54015E-21

Dado que los dafios totales acumulados tanto para la armadura activa como para la armadura pasiva son
menores que 1, se puede concluir que la armadura de la seccion critica, y por ende de la estructura completa,
no presentara problemas de fatiga durante su vida util. Segiin los calculos realizados, los valores de dafio se
encuentran en el rango de 2,8E-16 a 5,5E-21, lo cual indica una insignificancia practica en términos de
desgaste por fatiga.

Estos resultados reflejan que la resistencia de las armaduras a la fatiga es considerablemente alta,
proporcionando una seguridad adicional en la durabilidad de la estructura. Esto implica que el niimero de
ciclos de carga generados por el trafico ferroviario a lo largo de los 100 afios de vida util del puente es
insuficiente para causar una acumulacion de dafio significativo en las armaduras.

La magnitud extremadamente baja de los dafos calculados sugiere que, en el improbable caso de una falla
estructural futura, ésta seria atribuible a otros factores como la degradacion material por envejecimiento o
fendmenos ambientales, y no a la fatiga de las armaduras.



48 Resultados

5.4 Resultados de los trenes de carga para el calculo dinamico

5.4.1 Comprobacion de velocidades de estudio

Al inicio de este capitulo se mencion6 que, con objetivo de reducir el intervalo de velocidades de paso que se
suele estudiar de entre 20 y 400 km/h, se asumia que las velocidades mas pequefias no generarian
solicitaciones significativas en la estructura. Por tanto, el intervalo de estudio se redujo, comenzando desde la
velocidad que excita el tercer modo de vibracion de la estructura hasta un maximo de 400 km/h.

Se espera que la velocidad mas desfavorable para cada tipo de tren dindmico universal-A sea justo aquella que
excita dicha frecuencia natural, es decir, la columna “Vmin” de la “Tabla 5-.3. Intervalo de velocidades de
estudio para los trenes dinamicos universales A”. Sin embargo, en este apartado, a modo de comprobacion, se
realiza un barrido de velocidades de entorno a -10 km/h la “Vmin” hasta 400 km/h para cada uno de los diez
trenes.

A continuacion, se presentan las tablas con los esfuerzos maximos en la seccion critica causados por el paso de
cada tren, especificando el momento flector maximo y la velocidad correspondiente a dicho esfuerzo.

5411 Tren tipo A1
Tabla 5-14. Barrido de velocidades del tren tipo Al en Excel.

Elem Load Part Axial (kN) | Shear-y (kN) | Shear-z (kN) | Torsion (kN*m) | Moment-y (kN*m) | Moment-z (kN*m)
56|DinA1-240(all) 1[56] -102.18 ( 426.45 -3138.41 1
56|DinA1-250(all) 1[56] 140.09 428.58 -3595.64
55| DinA1-260(all) 1[56] 226.32 5 : -3838.82
56|DinA1-270(all) 1[56] -183.81 -587.92 -3599.95
56|DinA1-280(all) 1[56] 188.02 -561.78 -3377.18
56| DinA1-290(all) 1[56] 284.02 -650.85 -3627.65
56| DinA1-300(all) 1[56] 7 -602.39 -3354.69
56|DinA1-310(all) 1[56] 3 -620.83 -3340.96
56|DinA1-320(all) 1[56] 5 503.8 -3244.39 -1867.22
56|DinA1-330(all) I[56] -599.61 - 7 -3287.61 -2010.63
56|DinA1-340(all) 1[56] -587.78 = 5 -3204.47 -1965.71
56|DinA1-350(all) 1[56] -606.36 = -3163.25 -2090.35
56|DinA1-360(all) I[56] 601.38 - 3079.73 "1963.12
56|DinA1-370(all) 1[56] 597.07 -663.32 -3162.68 -1978.17
56|DinA1-380(all) 1[56] 8 -705.49 -3284.42 -2092.67
56|DinA1-390(all) 1[56] -609.33 -3134.48 -1977.05
56|DinA1-400(all) 1[56] -727.3 -3107.45 -1820.95

54.1.2 Tren tipo A2
Tabla 5-15. Barrido de velocidades del tren tipo A2 en Excel.

Elem Load Part Axial (kN) |Shear-y (kN) | Shear-z (kN) | Torsion (kN*m) | Moment-y (kN*m) |[Moment-z (kN*m)
56(DinA2-250(all) 1[56] 149.34 -611.73 -682.35 446,94 -3520.68 -2136.18
56|DinA2-260(all) 1[56] -320.94 -678.01 -741.4 492.83 -4188.08 -2287.68
56|DinA2-270(all) 1[56] 288.69 -661.88 -633.68 483.83 -5271.32 -2451.78
56|DinA2-280(all) 1[56] 233.52 -647.3 -683.86 469.74 -4063.56 -2208.79
56(DinA2-290(all) 1[56] 434,23 -837.26 -719.89 598.02 -4190.92 -3039.89
56|DinA2-300(all) 1[56] 289.46 -665.55 -670.08 483.85 -3787.75 -2213.54
56|DinA2-310(all) 1[56] -240.28 -615.17 -710.17 450.03 -3872.45 -2239.85
56(DinA2-320(all) 1[56] 123839 -614.58 -708.91 447,89 -3656.94 -2137.56
56|DinA2-330(all) 1[56] 188.26 -684.82 -713.8 498.26 -3672.94 -2396.99
56|DinA2-340(all) 1[56] -288.06 -621.34 -665.59 450.97 -3643.54 -2320.57
56|DinA2-350(all) 1[56] -247.15 -703.01 -640.17 510.03 -3553.45 -2306.25
56(DinA2-360(all) 1[56] -226.29 -630.26 -647.45 463,19 -3584.72 -2380.61
56|DinA2-370(all) 1[56] 307 -601.07 -661.68 437.18 -3725.78 -2209.26
56|DinA2-380(all) 1[56] 317.69 -674.67 -738.91 495.76 -3734.14 -2298.16
56(DinA2-390(all) 1[56] -374.23 -645 -713.34 469,12 -3708 -2237.2
56(DinA2-400(all) 1[56] -378.68 -606.45 -727.24 441.84 -3674.86 -2141.61
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5.4.1.3 Tren tipo A3
Tabla 5-16. Barrido de velocidades del tren tipo A3 en Excel.

Elem Load Part Axial (kN) |Shear-y (kN) | Shear-z (kN) | Torsion (kN*m) | Moment-y (kN*m) [Moment-z (kN*m)
56|DinA3-270(all) 1[56] 263.53 -603.89 -786.79 446.49 -4393.84 -2094.93
50 |DinA3-280(all) 1[56] -243.03 -587.65 -653.92 434,11 -5183.88 -1921.57
56|DinA3-290(all) 1[56] 328.21 -717.5 -653.78 528.13 -4615.19 -2208.63
56|DinA3-300(all) 1[56] 238.84 -626.79 -676.02 464.66 -3838.96 -2024.39
56|DinA3-310(all) 1[56] 133.77 -583.7 -656.65 435,21 -3712.39 -1966.94
56|DinA3-320(all) 1[56] -110.39 -596.27 -653.56 441.76 -3469.71 -1923
56|DinA3-330(all) 1[56] -193.45 -619.39 -658.2 458.08 -3401.46 -2196.4
56|DinA3-340(all) 1[56] 227.14 -611.78 -648.43 447,71 -3433.3 -2117.43
56|DinA3-350(all) 1[56] 234.39 -621.09 -640.83 462.58 -3386.8 -2279.58
56|DinA3-360(all) 1[56] 164.93 -630.88 -647.87 470.44 -3348.21 -2106.82
56|DinA3-370(all) 1[56] -239.04 -612.83 -675.74 455,07 -3537.77 51995159
56|DinA3-380(all) 1[56] -297.09 -629.23 -681.36 464.41 -3644.69 -2165.63
56|DinA3-390(all) 1[56] 265.92 -621.56 -687.14 454.45 -3693.47 -2093.41
56|DinA3-400(all) 1[56] 253.27 -603.96 -694.72 446.3 -3669.71 -1930.55

54.1.4 Trentipo A4
Tabla 5-17. Barrido de velocidades del tren tipo A4 en Excel.

Elem Load Part Axial (kN) |Shear-y (kN) | Shear-z (kN) | Torsion (kN*m)| Moment-y (kN*m) | Moment-z (kN*m)
56|DinA4-280(all) 1[56] 207.08 -587.71 -763.53 429,53 -3900.86 -2034.3
56|DinA4-290(all) 1[56] 401.85 -727 -768.74 525.86 -5281.44 -2489.64
56|DinA4-300(all) 1[56] 254,67 -623.08 -664.99 451.79 -4371.22 -2068.79
56|DinA4-310(all) 1[56] 183.33 =EE23) -649.71 436.28 -3777.23 -2056.27
56|DinA4-320(all) 1[56] -116.52 -572.79 -661.81 418,54 -3510.87 -1980.42
56|DinA4-330(all) 1[56] 193.85 -610.35 -688.94 442.72 -3454.21 -2229.39
56|DinA4-340(all) 1[56] 287.29 -592.07 -692.01 432.73 -3630.46 -2129.63
56|DinA4-350(all) 1[56] -236.46 -613.32 -682.59 446,81 -3525.93 -2342.68
56|DinA4-360(all) 1[56] 197.37 -575.59 -620 424.64 -3566.45 -2072.23
56|DinA4-370(all) 1[56] -281.99 -582.64 -617.58 428.37 -3654.92 -2062.46
56|DinA4-380(all) 1[56] 273.05 -620.8 -655.18 455.03 -3715.04 -2177.07
56|DinA4-390(all) 1[56] 263.94 -640.45 -684.45 464.48 -3844.79 -2189.66
56|DinA4-400(all) 1[56] -269.71 -585.83 -664.42 427.51 -3799.66 -2006.45

5.4.1.5 Trentipo A5
Tabla 5-18. Barrido de velocidades del tren tipo A5 en Excel.

Elem Load Part Axial (kN) |Shear-y (kN) | Shear-z (kN) | Torsion (kN*m) | Moment-y (kN*m) | Moment-z (kN*m)
56/DinA5-300(all) 1[56] 328 -576.88 -873.55 430.33 -4076.68 -1873.49
56|DinA5-310(all) 1[56] -148.75 -548.64 5670813 405.09 -3484.36 -1817.06
56|DinA5-320(all) 1[56] 125.53 -554.12 -616.18 412.39 -3254.69 -1741.33
56|DinA5-330(all) 1[56] 172.24 -577.26 -630.75 429,91 -3210.56 -1958.46
56|DinA5-340(all) 1[56] 226.53 -569.45 -616.63 419.42 -3316.04 -1920.37
56|DinA5-350(all) 1[56] 249.36 -586.16 -601.49 439.57 -3361.09 -1912.31
56|DinA5-360(all) 1[56] 168.5 -581.7 -569.02 436.71 -3186.61 -1844.04
56|DinA5-370(all) 1[56] -215.91 -577.04 -580.04 429,93 -3325.69 -1801.96
56|DinA5-380(all) 1[56] 280.8 -592.41 -655.3 434.81 -3353.96 51959103
56|DinA5-390(all) 1[56] 313.91 -587.61 -625.82 428.52 -3449.51 -1914.44
56|DinA5-400(all) 1[56] -234.37 -550.1 -621.99 415,17 -3627.35 -1802.86

5.4.1.6 Tren tipo A6
Tabla 5-19. Barrido de velocidades del tren tipo A6 en Excel.

Elem Load Part Axial (kN) |Shear-y (kN) [ Shear-z (kN) | Torsion (kN*m)| Moment-y (kN*m) | Moment-z (kN*m)
56|DinA6-310(all) 1[56] 228,21 -589.29 -894.53 437.01 -3885.45 -1907.37
56|DinA6-320(all) 1[56] -159.83 -580.5 -802.95 433.11 -3197.8 -1805.59
56|DinA6-330(all) 1[56] 183.24 -597.35 -719.65 443.38 -3450.58 -1998.4
56|DinA6-340(all) 1[56] 249,36 -584.52 -694.86 433.88 -3603.02 -1974.94
56|DinA6-350(all) 1[56] 265.07 -603.23 -648.2 453.13 -3597.43 -2043.99
56|DinA6-360(all) 1[56] 223,13 -610.43 -625.2 457.1 -3650.18 -1930.02
56|DinA6-370(all) 1[56] -219.14 -604.21 -608.03 451,82 -3604.03 -1864.89
56|DinA6-380(all) 1[56] 246.47 -624.69 -673.6 458.89 -3701.15 -2105.61
56|DinA6-390(all) 1[56] 292.56 -620.52 -664.83 452.23 -3638.22 -2007.09
56|DinA6-400(all) 1[56] -217.18 -585.94 -687.68 435.56 -3709.95 -1793.62
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5.4.1.7 Tren tipo A7
Tabla 5-20. Barrido de velocidades del tren tipo A7 en Excel.

Elem Load Part Axial (kN) |Shear-y (kN) [ Shear-z (kN) | Torsion (kN*m) | Moment-y (kN*m) | Moment-z (kN*m)
56|DinA7-320(all) 1[56] 163.17 -606.16 -839.11 453 -4181.35 -1890.83
56|DinA7-330(all) 1[56] -216.19 -630.31 -932.8 464.9 -4188.26 -2039.24
56|DinA7-340(all) 1[56] -297.03 -617.8 -808.81 460.2 -3693.98 -2043.8
56| DinA7-350(all) 1[56] 303.55 -646.51 -718.48 483,51 -4305.63 -2169.01
56|DinA7-360(all) 1[56] 202.2 -633.47 -686.18 474,82 -3824.88 -1994.78
56|DinA7-370(all) 1[56] -227.12 -625.92 -666.56 468.75 -4028.74 -1931.87
56|DinA7-380(all) 1[56] 249.12 -660.08 -711.01 483.41 -4134.8 -2180.22
56|DinA7-390(all) 1[56] 277.05 -653.9 -698.1 478.05 -3870.36 -2076.46
56|DinA7-400(all) 1[56] 254.05 -615 -724.26 457.32 -3913.12 -1887.49

54.1.8 Tren tipo A8
Tabla 5-21. Barrido de velocidades del tren tipo A8 en Excel.

Elem Load Part Axial (kN) |Shear-y (kN) | Shear-z (kN) | Torsion (kN*m) | Moment-y (kN*m) | Moment-z (kN*m)
50| DinA8-340(all) 1[56] -315.52 -622.14 -894.,35 457.47 -4706.84 -2065.86
56|DinA8-350(all) 1[56] -252.5 -637.6 -846.84 475.79 -3873.48 -2111.09
56|DinA8-360(all) 1[56] 170.35 -596.98 -695.22 447.7 -4528.86 -1909.87
56|DinA8-370(all) 1[56] -224.17 -593.7 -665.92 443.72 -4257.82 -1882.36
56/DinA8-380(all) 1[56] 263.05 -631.9 -694.29 456,71 -4067.2 -2125.19
56/DinA8-390(all) 1[56] 224.88 -632.65 -703.51 459.8 -3082.14 -1973.03
56|DinA8-400(all) 1[56] 194.1 -589.02 -703.08 432.69 -3976.78 -1866.37

5.4.1.9 Tren tipo A9
Tabla 5-22. Barrido de velocidades del tren tipo A9 en Excel.

Elem Load Part Axial (kN) | Shear-y (kN) | Shear-z (kN) | Torsion (kN*m)| Moment-y (kN*m) | Moment-z (kN*m)
56/DinA9-350(all) 1[56] -370.48 -694.77 -058.94 520.92 -4836.77 -2386.37
56|DinA9-360(all) 1[56] -314.11 -693.7 -972.22 521.12 -4334.52 -2126.83
56|DinA9-370(all) 1[56] -299.71 -679.18 -792.72 509.41 -5039.95 -2081.73
56|DinA9-380(all) 1[56] -252.59 -729.05 -822.35 535.07 -4984.82 -2461.76
56|DinA9-390(all) 1[56] 292.46 -721.96 -823.04 527.52 -4353.65 -2257.91
56|DinA9-400(all) 1[56] -179.29 -667.83 -838.47 498.68 -4225.13 -2060.41

5.4.1.10 Tren tipo A10

Tabla 5-23. Barrido de velocidades del tren tipo A10 en Excel.

Elem Load Part Axial (kN) |[Shear-y (kN) | Shear-z (kN) | Torsion (kN*m)| Moment-y (kN*m) | Moment-z (kN*m)
56|DinA10-360(all) 1[56] 298.64 -682.14 aEL T 518.13 -4466.67 -2126
56|DinA10-370(all) 1[56] -314.7 -671.65 =ETE 505.33 -4006.6 -2069.72
56|DinA10-380(all) 1[56] -269.85 =R -909.55 =Lz -4386.67 -2390
56|DinA10-390(all) 1[56] -231.77 -720.64 -843.22 526.12 -4323.02 -2273.86
56|DinA10-400(all) 1[56] -191.8 -660.63 -857.15 493.73 -4069.05 -2052.21

5.41.11 Anadlisis de velocidades

Las tablas presentadas indican que, en la mayoria de los trenes, el momento maximo en la seccion critica se
produce para unas velocidades de paso que se encuentran en el entorno de dicha “Vmin”. Esto no ocurre para
el tren tipo “A7” y el tipo “A10” donde se observa un desfase de 13,68 y 18,36 km/h respectivamente. Sin
embargo, al comparar el momento flector maximo con el momento flector correspondiente a la velocidad mas
proxima a la “Vmin” para estos trenes, se aprecia que la diferencia es minima: para el tren tipo “A7”, el
esfuerzo es sélo un 2,76% menor, y para el tren tipo “A10”, es s6lo un 1,80% menor.

Por lo tanto, se puede concluir que las velocidades “Vmin” de la “Tabla 5-.3. Intervalo de velocidades de
estudio para los trenes dinamicos universales A” son representativas de las condiciones que someten a la
estructura a sus maximos esfuerzos. Estas velocidades son, por tanto, las mas adecuadas para realizar la
comprobacion a fatiga de las armaduras al paso de los trenes dinamicos.

No obstante, se realiza un analisis adicional a velocidades de " Vmin"— 5km/h y " Vmin"+ 5km/h. Esta
precaucion asegura una evaluacion exhaustiva de la respuesta de la estructura bajo condiciones dinamicas
cercanas a la velocidad critica.
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5.4.2 Momentos flectores al paso de los trenes dinamicos

A continuacion, se muestra para cada tipo de tren dinamico, una grafica que representa el momento flector de
la seccion critica al paso de la carga movil a las 3 velocidades distintas. De color naranja la se representa el
momento en la seccion al paso del tren a la “Vmin”, de color amarrillo a 5 km/h menos, y de color azul a 5
km/h maés.

5.4.21 Tren tipo A1

TREN TIPO Al

2000

1000

4.328

-1000

-2000

-3000

-4000

—Time(s) Moment My NT1 (kN-m) ——Moment My NT2 (kN-m) ——Moment My NT3 (kN-m)

Figura 5-18. Momentos longitudinales en la seccion critica a 3 velocidades distintas ejercidos por el tren
dindmico universal tipo Al.
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5.4.2.2 Tren tipo A2

TREN TIPO A2

—Time(s) ——Moment My NT1 (kN-m) ——Moment My NT2 (kN-m) ——Moment My NT3 (kN-m)

Figura 5-19. Momentos longitudinales en la seccion critica a 3 velocidades distintas ejercidos por el tren
dindmico universal tipo A2.

5.4.2.3 Tren tipo A3

TREN TIPO A3

—Time(s) ~——Moment My NT1 (kN-m) ——Moment My NT2 (kN-m) ——Moment My NT3 (kN-m)

Figura 5-20. Momentos longitudinales en la seccion critica a 3 velocidades distintas ejercidos por el tren
dinamico universal tipo A3.
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5.4.24 Tren tipo Ad

TREN TIPO A4
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Figura 5-21. Momentos longitudinales en la seccion critica a 3 velocidades distintas ejercidos por el tren
dindmico universal tipo A4.

5.4.2.5 Tren tipo A5

TREN TIPO A5

1000

=

2.683 |
4.469
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—Time(s) ~——Moment My NT1 (kN-m) ——Moment My NT2 (kN-m) ——Moment My NT3 (kN-m)

Figura 5-22. Momentos longitudinales en la seccion critica a 3 velocidades distintas ejercidos por el tren
dindmico universal tipo AS.
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54.2.6 Tren tipo A6

TREN TIPO A6
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——Time(s) ——Moment My NT1 (kN-m) ——Moment My NT2 (kN-m) ——Moment My NT3 (kN-m)

Figura 5-23. Momentos longitudinales en la seccion critica a 3 velocidades distintas ejercidos por el tren
dindmico universal tipo A6.

5.4.2.7 Tren tipo A7

TREN TIPO A7

3000
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—Time(s) ~——Moment My NT1 (kN-m) ——Moment My NT2 (kN-m) ——Moment My NT3 (kN-m)

Figura 5-24. Momentos longitudinales en la seccion critica a 3 velocidades distintas ejercidos por el tren
dinamico universal tipo A7.
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5.4.2.8 Tren tipo A8

TREN TIPO A8
3000
2000
|
1000 |‘ | 1 \}
A T
\‘ I‘
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|
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-3000 ! 1 . | i | 4 ' (
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-5000

—Time(s) ~——Moment My NT1 (kN-m)  ——Moment My NT2 (kN-m) ——Moment My NT3 (kN-m)

Figura 5-25. Momentos longitudinales en la seccion critica a 3 velocidades distintas ejercidos por el tren
dindmico universal tipo AS.

5.4.29 Tren tipo A9

TREN TIPO A9

4000
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Figura 5-26. Momentos longitudinales en la seccion critica a 3 velocidades distintas ejercidos por el tren
dindmico universal tipo A9.
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5.4.2.10 Tren tipo A10
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Figura 5-27. Momentos longitudinales en la seccion critica a 3 velocidades distintas ejercidos por el tren
dinamico universal tipo A10

5.4.3 Comprobacion de la armadura a fatiga

En estas graficas se ha podido observar como los trenes de carga dinamicos son mas exigentes para el calculo
a fatiga, ya que someten al tablero a mayores incrementos de tensiones y a un mayor ntimero de ciclos. Para el
calculo del dafio que genera en las armaduras el paso de cada tren, se ha seguido la misma metodologia que se
ha desarrollado en el apartado “5.3.2. Cdlculo del dafio acumulado ”, utilizando las mismas curvas S-N para el
calculo del dafio de la armadura activa y pasiva.

A continuacion, se presenta un resumen del dafio total que genera el paso de cada tren dinamico universal tipo
A sobre la armadura activa y pasiva del tablero.

Tabla 5-24. Resumen dafio total de los trenes dinamicos en la armadura activa y pasiva en Excel.

TIPO DE I;(::_\'gcl;:t:l[; VELOCIDAD DE ARMi\DURA ACTIVA ARMi\DURA PASIVA
TREN D (m) PASO (km/h) DANO TREN TIPO DANO TREN TIPO
Al 18 257.24 4.48E-23 8.83E-28
A2 19 266.25 9.04E-22 1.78E-26
A3 20 280.26 1.60E-21 3.17E-26
A4 21 299.28 3.77E-24 7.45E-29
A5 22 303.29 5.88E-23 1.16E-27
A6 23 317.30 5.42E-24 1.07E-28
A7 24 341.32 1.51E-22 2.99E-27
A8 25 355.33 6.02E-22 1.19E-26
A9 26 359.34 8.46E-21 1.67E-25
Al10 27 378.36 7.81E-22 1.54E-26
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Es evidente que los trenes dinamicos, al inducir mayores solicitaciones, representen un dafio mas severo en
comparacion con los trenes de carga de fatiga. En concreto, comparando el dafio provocado en la armadura
activa al paso del tren tipo 5 de fatiga, que presenta la mayor exigencia entre los trenes de fatiga, y tren tipo
A9, que es el mas severo de los dinamicos, se observa que la diferencia porcentual entre los dafios producidos
es del 192,53%. Esto resalta la importancia de considerar estos trenes dindmicos en la evaluacion a fatiga de la
armadura del tablero.

Para esta comprobacion, la instruccion IAPF no propone combinaciones de trafico especificas, como en la
verificacion anterior. En su lugar, se busca determinar el numero de trenes dinamicos universales tipo A que
tendrian que pasar por la estructura para que se manifiesten dafios significativos en la armadura. A la vista de
los resultados expuestos en la tabla anterior, con so6lo evaluar el tren tipo A9 se puede llegar a conclusiones
sobre la susceptibilidad de las armaduras a problemas de fatiga.

Para provocar el fallo por fatiga en la armadura activa, el tren tipo A9 tendria que pasar:

W = 1,18 . 1020 veces

Para provocar el fallo por fatiga en la armadura pasiva, el tren tipo A9 tendria que pasar:

———— =15,99-10%* veces

1,67 - 10725
Logicamente, estos valores son inalcanzables. Tomando como referencia una conexion de alta velocidad en
Espatfia, como la linea Madrid-Sevilla, que fue la primera y una de las mas importantes del Pais, se estima que
circulan como media unos 30 trenes diarios [20]. Esto significa que, para llegar al fallo de la armadura activa,
tendrian que pasar mas de diez mil billones de afios:

1 dia 1 afio 1tren
30 trenes 365 dias 8,46 -10721
En conclusion, los resultados obtenidos indican que, bajo las condiciones actuales de trafico y las
solicitaciones dinamicas evaluadas, las armaduras activa y pasiva de la seccion critica, y por ende de toda la

estructura, no presentan riesgo significativo de fallo por fatiga durante su vida 1til estimada de 100 afos. El
disefio del puente asegura la durabilidad y seguridad de la estructura ante las demandas de trafico previstas.

= 10.794.822.802.983.700 afios

Afios hasta el fallo —

A continuacion, se muestra la tabla del calculo del dafio total del tren A9. En ella se pueden observar todos los
incrementos de tensiones de la grafica anterior, asi como el dafio asociado a cada incremento y el dafio total
generado por el paso del tren.

5.4.31 Armadura Activa
Ao (N/mm2) Log(Ao) Log(N*) N Dafio (1/N)
Aol 0.00050361 | -3.297905364 43.63960627 4.3612E+43 2.29295E-44
Ac 2 0.000534879 | -3.271744131 43.45647764 2.86074E+43 3.49561E-44
Ac 3 0.0005685 | -3.245269825 43.2711575 1.86706E+43 5.35602E-44
Ac 4 0.000793467 | -3.100471192 42.25756706 1.80954E+42 5.52628E-43
Ac S5 6.40831E-05| -4.193256494 49.90706418 8.07354E+49 1.23861E-50
Ac 6 0.00015789 | -3.801645328 47.16578601 1.46483E+47 6.82675E-48
Ac 7 0.002258844 | -2.64611381 39.07706539 1.19417E+39 8.37403E-40
Ac 8 0.008979703 | -2.046738011 34.8814348 7.61088E+34 1.31391E-35
Ac 9 0.007495897 | -2.125176369 35.4305033 2.69466E+35 3.71105E-36
Ac 10 0.005277421 | -2.277578223 36.49731628 3.1428E+36 3.18188E-37
Ac 11 0.085339472 | -1.068850047 28.03621905 1.08697E+28 9.19985E-29
Ac 12 0.011093084 | -1.954947697 34.2389026 1.73342E+34 5.76896E-35
Ac 13 0.000776718 | -3.109736485 42.32242411 2.10099E+42 4.75966E-43
Ac 14 0.054729049 | -1.261782096 29.38674339 2.43637E+29 4.10447E-30
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Ac 15 0.003494848 | -2.456571719 37.75027076 5.62692E+37 1.77717E-38
Ao 16 0.000103494 | -3.985084317 48.44985894 2.81747E+48 3.54929E-49
Ac 17 0.000853442 | -3.068825864 42.03604977 1.08655E+42 9.20344E-43
Ao 18 9.99077E-05| -4.000401075 48.55707624 3.60642E+48 2.77283E-49
Ac 19 0.007049897 | -2.151817252 35.61698949 4.1399E+35 2.41552E-36
Ao 20 0.065123164 | -1.186264509 28.85812028 7.21307E+28 1.38637E-29
Ao 21 0.001940002 | -2.712197725 39.53965279 3.4646E+39 2.88634E-40
Ao 22 0.36170965 | -0.441639905 23.64574805 4.42332E+23 2.26075E-24
Ao 23 0.000756993 | -3.120908196 42.4006261 2.51551E+42 3.97534E-43
Ao 24 0.001832922 | -2.736856044 39.71226103 5.15538E+39 1.93972E-40
Ao 25 0.084760149| -1.07180829 28.05692675 1.14006E+28 8.77149E-29
Ao 26 0.034738417 | -1.459189979 30.76859857 5.86947E+30 1.70373E-31
Ao 27 0.00355697 | -2.448919798 37.6967073 4.97402E+37 2.01045E-38
Ao 28 0.000750589 | -3.124598061 42.42645515 2.66966E+42 3.7458E-43
Ao 29 0.180905932 | -0.742547193 25.75209907 5.65066E+25 1.76971E-26
Ao 30 0.18555292 | -0.731532207 25.67499417 4.73145E+25 2.11352E-26
Ao 31 0.318321276| -0.497134332 24.03420905 1.08195E+24 9.24253E-25
Ao 32 0.001139844 | -2.943154471 41.15635001 1.43334E+41 6.9767E-42
Ao 33 0.011653336| -1.933549745 34.08911693 1.22777E+34 8.14485E-35
Ao 34 0.326217955| -0.486492139 23.9597137 9.1141E+23 1.0972E-24
Ao 35 0.244544698 | -0.611641749 24.83576097 6.85111E+24 1.45962E-25
Ao 36 0.01498974 | -1.824205894 33.32370998 2.10722E+33 4.74559E-34
Ao 37 0.000782995 | -3.106241282 42.29795769 1.9859E+42 5.0355E-43
Ao 38 0.000231197 | -3.636018471 46.00639802 1.01484E+46 9.85376E-47
Ao 39 0.125301665 | -0.902043157 26.86857082 7.38875E+26 1.35341E-27
Ao 40 0.412428814 -0.384651 23.24682572 1.76533E+23 5.66467E-24
Ac 41 0.388799236 | -0.410274597 23.4261909 2.66803E+23 3.74808E-24
Ac 42 0.128328356 | -0.891677369 26.79601031 6.25188E+26 1.59952E-27
Ac 43 0.148053055 | -0.829582627 26.36134711 2.29798E+26 4.35164E-27
Ao 44 0.479416128| -0.31928736 22.78928024 6.15574E+22 1.6245E-23
Ao 45 0.523037901| -0.28146684 22.5245366 3.34608E+22 2.98857E-23
Ao 46 0.234665876 | -0.629550058 2496111913 9.14364E+24 1.09366E-25
Ao 47 0.199554471| -0.699938538 25.45383849 2.8434E+25 3.51691E-26
Ao 48 0.528545376 | -0.276917722 22.49269277 3.10952E+22 3.21593E-23
Ao 49 0.639776452 | -0.193971749 21.91207096 8.16716E+21 1.22442E-22
Ao 50 0.334163947 | -0.476040409 23.88655158 7.70108E+23 1.29852E-24
Ao 51 0.208367392 | -0.681170243 25.32246042 2.10117E+25 4.75926E-26
Ac 52 0.54360509 | -0.264716485 22.40728412 2.55437E+22 3.91486E-23
Ao 53 0.712989962 | -0.146916585 21.58268481 3.82547E+21 2.61406E-22
Ac 54 0.406242607 | -0.39121453 23.29277043 1.96232E+23 5.096E-24
Ao 55 0.230332739| -0.637644328 25.01777902 1.04179E+25 9.59889E-26
Ao 56 0.554569063 | -0.256044362 22.34657925 2.22116E+22 4.50216E-23
Ao 57 0.77656968 | -0.10981957 21.32300571 2.10381E+21 4.75329E-22
Ao 58 0.47322431| -0.324932953 22.82879939 6.74217E+22 1.4832E-23
Ao 59 0.235562868 | -0.627893167 24.94952089 8.90268E+24 1.12326E-25
Ao 60 0.55055645 | -0.259198145 22.36865574 2.33698E+22 4.27902E-23
Ao 61 0.818787084 | -0.086829017 21.16207184 1.45235E+21 6.88538E-22
Ao 62 0.525871821 -0.2791201 22.50810942 3.22188E+22 3.10378E-23
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Ao 63 0.245526227| -0.609902111 24.82358349 6.66168E+24 1.50112E-25
Ao 64 0.539674965| -0.267867728 22.42934282 2.68746E+22 3.72098E-23
Ao 65 0.845238286| -0.07302084 21.0654146 1.16256E+21 8.60172E-22
Ao 66 0.566393356| -0.24688185 22.28244167 1.9162E+22 5.21865E-23
Ao 67 0.247507985 | -0.606410785 24.79914421 6.29715E+24 1.58802E-25
Ao 68 0.528348507| -0.277079515 22.49382533 3.11764E+22 3.20756E-23
Ao 69 0.867632979| -0.061663949 20.98591636 9.68091E+20 1.03296E-21
Ao 70 0.604406952 | -0.218670549 22.08496256 1.21608E+22 8.22314E-23
Ao 71 0.252679489| -0.59743001 24.73627879 5.44852E+24 1.83536E-25
Ao 72 0.510618094 -0.2919038 22.59759532 3.95909E+22 2.52583E-23
Ao 73 0.876543976| -0.05722629 20.95485275 9.01266E+20 1.10955E-21
Ao 74 0.631255223| -0.199795016 21.95283383 8.97085E+21 1.11472E-22
Ao 75 0.255217273| -0.593089937 24.70589828 5.0804E+24 1.96835E-25
Ao 76 0.473819145| -0.324387395 22.82498049 6.68314E+22 1.4963E-23
Ao 77 0.894681065| -0.048331754 20.892591 7.80892E+20 1.28059E-21
Ao 78 0.65947146| -0.180803994 21.81989668 6.60536E+21 1.51392E-22
Ao 79 0.186490387| -0.729343549 25.65967356 4.56745E+25 2.18941E-26
Ao 80 0.506846963 | -0.295123152 22.62013078 4.16995E+22 2.39811E-23
Ao 81 0.687430884| -0.16277096 21.69366544 4.9393E+21 2.02458E-22
Ao 82 0.651047833 | -0.186387102 21.85897844 7.22734E+21 1.38364E-22
Ao 83 0.266946948 | -0.57357504 24.569294 3.70932E+24 2.69591E-25
Ao 84 0.211312453| -0.675074908 25.27979308 1.90455E+25 5.25058E-26
Ao 85 0.788283216| -0.10331772 21.27749276 1.89449E+21 5.27846E-22
Ao 86 0.577298665 | -0.238599447 22.22446485 1.67674E+22 5.96397E-23
Ao 87 0.150215057| -0.823286533 26.31727445 2.07623E+26 4.81643E-27
Ao 88 0.125813244| -0.90027364 26.8561842 7.18099E+26 1.39257E-27
Ao 89 0.736354272| -0.132913189 21.48466105 3.05254E+21 3.27596E-22
Ac 90 0.748537887| -0.125786213 21.43477221 2.72127E+21 3.67475E-22
Ac 91 0.26039595 | -0.584365776 24.64482915 4.41397E+24 2.26554E-25
Ao 92 0.006437898 | -2.191255911 35.8930601 7.81736E+35 1.2792E-36
Ao 93 0.414820195| -0.382140109 23.22924948 1.69531E+23 5.89862E-24
Ao 94 0.637429006 | -0.195568178 21.92324597 8.38004E+21 1.19331E-22
Ao 95 0.261853577| -0.581941489 24.62785914 4.24482E+24 2.35581E-25
Ao 96 0.008034115| -2.095061931 35.21970224 1.65845E+35 6.02973E-36
Ao 97 0.305776329| -0.514596138 24.15644169 1.43365E+24 6.97523E-25
Ao 98 0.537789015| -0.269388073 22.43998523 2.75414E+22 3.6309E-23
Ao 99 0.486871957| -0.31258524 22.7423654 5.52542E+22 1.80982E-23
Ao 100 0.459155258 | -0.338040438 22.92055179 8.32821E+22 1.20074E-23
Ao 101 0.400969274 | -0.396888906 23.33249106 2.15026E+23 4.6506E-24
Ao 102 0.372516076 | -0.428854981 23.55625359 3.59959E+23 2.77809E-24
Ao 103 0.340309935 | -0.468125372 23.83114633 6.7787E+23 1.47521E-24
Ac 104 0.315313799| -0.501257023 24.06306788 1.15629E+24 8.64833E-25
Ao 105 0.278581967| -0.555046999 24.43959771 2.75168E+24 3.63415E-25
Ao 106 0.252876231| -0.597091991 24.73391266 5.41892E+24 1.84539E-25
Ao 107 0.242857154| -0.614649098 24.85681241 7.19138E+24 1.39055E-25
Ao 108 0.219508214 | -0.658549223 25.16411328 1.45919E+25 6.85309E-26
Ao 109 0.218171501| -0.661201981 25.18268259 1.52294E+25 6.56625E-26
Ac 110 0.198432302| -0.702387628 25.47098212 2.95789E+25 3.38079E-26
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Ac 111 0.197664678 -0.70407093 25.48276523 3.03924E+25 3.29029E-26

DANO TOTAL 8.46144E-21

5.4.3.2 Armadura Pasiva
Ao (N/mm2) Log(Ao) Log(N*) N Dafio (1/N)

Ac 1 0.00073947| -3.131078737 48.34446809 2.21039E+48 4,5241E-49
Ao 2 0.00078538 | -3.104917505 48.16133946 1.4499E+48 6.897E-49
Ao 3 0.00083475| -3.078443199 47.97601932 9.46279E+47 1.05677E-48
Ac 4 0.00116508 | -2.933644565 46.96242889 9.17126E+46 1.09036E-47
Ac 5 9.4096E-05 -4.026429867 54.611926 4.09191E+54 2.44385E-55
Ac 6 0.00023184 | -3.634818701 51.87064784 7.42417E+51 1.34695E-52
Ao 7 0.00331675| -2.479287184 43.78192721 6.05239E+43 1.65224E-44
Ac 8 0.01318526| -1.879911384 39.58629662 3.85742E+39 2.59241E-40
Ac 9 0.01100653 | -1.958349743 40.13536513 1.36573E+40 7.32209E-41
Ac 10 0.00774905| -2.110751596 41.2021781 1.59286E+41 6.27801E-42
Ac 11 0.12530736 -0.90202342 32.74108087 5.5091E+32 1.81518E-33
Ao 12 0.01628842 -1.78812107 38.94376442 8.78546E+38 1.13824E-39
Ao 13 0.00114049 | -2.942909858 47.02728593 1.06484E+47 9.39105E-48
Ac 14 0.08036085| -1.094955469 34.09160521 1.23482E+34 8.09832E-35
Ac 15 0.00513162| -2.289745093 42.45513258 2.85189E+42 3.50645E-43
Ao 16 0.00015196 -3.81825769 53.15472076 1.42798E+53 7.00292E-54
Ac 17 0.00125314 | -2.901999238 46.74091159 5.50696E+46 1.81589E-47
Ao 18 0.0001467 | -3.833574448 53.26193806 1.82784E+53 5.47094E-54
Ao 19 0.01035165| -1.984990626 40.32185131 2.09822E+40 4.76594E-41
Ao 20 0.09562295| -1.019437883 33.56298211 3.6558E+33 2.73538E-34
Ac 21 0.00284858 | -2.545371098 44.24451462 1.75596E+44 5.69489E-45
Ao 22 0.53111274| -0.274813278 28.35060987 2.24187E+28 4.46057E-29
Ao 23 0.00111152 -2.95408157 47.10548792 1.27493E+47 7.84354E-48
Ao 24 0.00269135| -2.570029417 44.41712285 2.6129E+44 3.82716E-45
Ao 25 0.12445672| -0.904981664 32.76178857 5.77815E+32 1.73066E-33
Ao 26 0.05100781| -1.292363352 35.47346039 2.97482E+35 3.36155E-36
Ao 27 0.00522284 | -2.282093171 42.40156912 2.52098E+42 3.96671E-43
Ao 28 0.00110212| -2.957771435 47.13131697 1.35306E+47 7.39066E-48
Ao 29 0.26563141| -0.575720567 30.45696089 2.86392E+30 3.49172E-31
Ac 30 0.27245477 -0.56470558 30.37985599 2.39804E+30 4.17008E-31
Ac 31 0.46740386| -0.330307706 28.73907087 5.48366E+28 1.8236E-29
Ao 32 0.00167368 | -2.776327844 45.86121184 7.2646E+45 1.37654E-46
Ao 33 0.01711106| -1.766723118 38.79397876 6.2227E+38 1.60702E-39
Ao 34 0.47899887 | -0.319665513 28.66457552 4.61929E+28 2.16483E-29
Ao 35 0.35907476| -0.444815123 29.54062279 3.47234E+29 2.8799E-30
Ao 36 0.02201003 | -1.657379268 38.0285718 1.068E+38 9.36328E-39
Ao 37 0.0011497 -2.939414655 47.00281951 1.00651E+47 9.93529E-48
Ao 38 0.00033948 -3.469191845 50.71125984 5.14351E+50 1.9442E-51
Ac 39 0.18398545| -0.735216531 31.57343264 3.74483E+31 2.67034E-32
Ao 40 0.60558572 -0.217824374 27.95168754 8.94721E+27 1.11767E-28
Ac 41 0.57088947 -0.24344797 28.13105272 1.35224E+28 7.39515E-29
Ao 42 0.18842966 | -0.724850743 31.50087213 3.16863E+31 3.15593E-32
Ac 43 0.21739222| -0.662756001 31.06620893 1.16469E+31 8.586E-32
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Ao 44 0.70394587| -0.152460734 27.49414206 3.11991E+27 3.20522E-28
Ao 45 0.76799747| -0.114640213 27.22939842 1.69589E+27 5.8966E-28
Ao 46 0.34456929| -0.462723432 29.66598095 4.63427E+29 2.15784E-30
Ao 47 0.29301381| -0.533111911 30.15870031 1.44112E+30 6.93904E-31
Ao 48 0.77608431| -0.110091095 27.1975546 1.57599E+27 6.3452E-28
Ao 49 0.93940935| -0.027145122 26.61693278 4.13936E+26 2.41583E-27
Ao 50 0.49066629| -0.309213782 28.5914134 3.90313E+28 2.56204E-29
Ao 51 0.30595417| -0.514343617 30.02732225 1.06493E+30 9.39026E-31
Ao 52 0.79819709| -0.097889859 27.11214594 1.29463E+27 7.72421E-28
Ao 53 1.04691167 0.019910042 26.28754663 1.93886E+26 5.15767E-27
Ao 54 0.59650226| -0.224387903 27.99763225 9.94563E+27 1.00547E-28
Ao 55 0.33820677| -0.470817702 29.72264084 5.28008E+29 1.89391E-30
Ao 56 0.81429593| -0.089217735 27.05144107 1.12575E+27 8.88298E-28
Ao 57 1.14026831 0.057007056 26.02786753 1.06627E+26 9.37848E-27
Ao 58 0.69485418| -0.158106327 27.53366122 3.41713E+27 2.92643E-28
Ao 59 0.34588638 -0.46106654 29.65438271 4.51214E+29 2.21624E-30
Ao 60 0.80840405| -0.092371519 27.07351756 1.18445E+27 8.44272E-28
Ao 61 1.20225782 0.07999761 25.86693366 7.36095E+25 1.35852E-26
Ao 62 0.77215862 | -0.112293474 27.21297124 1.63294E+27 6.12391E-28
Ao 63 0.36051598 | -0.443075484 29.52844532 3.37633E+29 2.96179E-30
Ao 64 0.79242633| -0.101041101 27.13420464 1.36209E+27 7.34168E-28
Ao 65 1.24109717 0.093805787 25.77027642 5.89219E+25 1.69716E-26
Ao 66 0.83165801| -0.080055223 26.98730349 9.71188E+26 1.02967E-27
Ao 67 0.36342587| -0.439584158 29.50400604 3.19158E+29 3.13324E-30
Ao 68 0.77579524| -0.110252889 27.19868715 1.58011E+27 6.32868E-28
Ao 69 1.2739802 0.105162678 25.69077818 4.90657E+25 2.03808E-26
Ao 70 0.8874749| -0.051843923 26.78982439 6.16346E+26 1.62247E-27
Ao 71 0.3710194 | -0.430603383 29.44114061 2.76147E+29 3.62126E-30
Ao 72 0.74976097| -0.125077173 27.30245714 2.00658E+27 4.9836E-28
Ao 73 1.28706457 0.109600336 25.65971457 4.56788E+25 2.1892E-26
Ao 74 0.92689729| -0.032968389 26.65769565 4.54669E+26 2.1994E-27
Ao 75 0.37474573 -0.42626331 29.4107601 2.5749E+29 3.88365E-30
Ao 76 0.6957276| -0.157560769 27.52984231 3.38721E+27 2.95228E-28
Ao 77 1.31369598 0.118494873 25.59745282 3.95779E+25 2.52666E-26
Ao 78 0.96832832| -0.013977368 26.5247585 3.34779E+26 2.98704E-27
Ao 79 0.27383129| -0.562516923 30.36453539 2.31492E+30 4.31981E-31
Ao 80 0.74422366| -0.128296525 27.3249926 2.11345E+27 4.73159E-28
Ao 81 1.00938226 0.004055666 26.39852726 2.50338E+26 3.99459E-27
Ao 82 0.95595957| -0.019560476 26.56384026 3.66303E+26 2.72998E-27
Ao 83 0.39196888 | -0.406748413 29.27415582 1.87999E+29 5.31917E-30
Ao 84 0.31027853| -0.508248281 29.9846549 9.65284E+29 1.03597E-30
Ao 85 1.15746777 0.063508906 25.98235458 9.60184E+25 1.04147E-26
Ao 86 0.84767071 -0.07177282 26.92932667 8.49819E+26 1.17672E-27
Ao 87 0.22056678 | -0.656459906 31.02213627 1.05229E+31 9.50307E-32
Ao 88 0.18473662| -0.733447013 31.56104602 3.63954E+31 2.7476E-32
Ao 89 1.08121842 0.033913437 26.18952287 1.54712E+26 6.46364E-27
Ao 90 1.09910811 0.041040413 26.13963403 1.37922E+26 7.25047E-27
Ao 91 0.38234979| -0.417539149 29.34969097 2.23713E+29 4.47002E-30
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Ac 92 0.00945302 | -2.024429285 40.59792192 3.96207E+40 2.52393E-41
Ac 93 0.60909708 | -0.215313483 27.93411131 8.59234E+27 1.16383E-28
Ac 94 0.9359625| -0.028741552 26.62810779 4.24725E+26 2.35446E-27
Ac 95 0.38449008 | -0.415114862 29.33272096 2.1514E+29 4.64814E-30
Ao 96 0.01179681| -1.928235305 39.92456406 8.40551E+39 1.1897E-40
Ao 97 0.44898361| -0.347769512 28.86130351 7.26614E+28 1.37625E-29
Ao 98 0.78965712| -0.102561446 27.14484705 1.39588E+27 7.16396E-28
Ao 99 0.71489356| -0.145758613 27.44722722 2.80045E+27 3.57086E-28
Ao 100 0.67419603 | -0.171213812 27.62541361 4.22098E+27 2.36912E-28
Ao 101 0.58875922 | -0.230062279 28.03735288 1.08982E+28 9.17587E-29
Ao 102 0.54698025| -0.262028354 28.26111541 1.82438E+28 5.48131E-29
Ao 103 0.49969069 | -0.301298746 28.53600815 3.43564E+28 2.91066E-29
Ac 104 0.46298786| -0.334430397 28.7679297 5.86043E+28 1.70636E-29
Ao 105 0.40905304 | -0.388220372 29.14445953 1.39463E+29 7.17035E-30
Ao 106 0.37130828| -0.430265364 29.43877448 2.74647E+29 3.64104E-30
Ao 107 0.35659687 | -0.447822472 29.56167423 3.6448E+29 2.74363E-30
Ao 108 0.32231269| -0.491722597 29.8689751 7.39563E+29 1.35215E-30
Ao 109 0.32034994 | -0.494375355 29.88754441 7.7187E+29 1.29555E-30
Ao 110 0.29136608 | -0.535561002 30.17584394 1.49915E+30 6.67046E-31
Ao 111 0.29023895| -0.537244303 30.18762705 1.54038E+30 6.49192E-31

DANO TOTAL 1.66948E-25




6 CONCLUSIONES

Tras el andlisis de los resultados expuestos en el apartado anterior se pueden enumerar las siguientes
conclusiones:

En primer lugar, los analisis realizados respecto las comprobaciones de los trenes de fatiga, confirman
que tanto la armadura activa como la armadura pasiva del tablero del puente de hormigdn postesado
tipo losa no presentaran problemas de fatiga a lo largo de su vida util de 100 afios. Los valores de dafio
acumulado, que varian entre 2,8E-16 para la armadura activa y 5,5E-21 para la armadura pasiva,
indican una insignificancia practica en términos de desgaste por fatiga. Estos resultados aseguran que
la integridad y durabilidad de la estructura se mantendran sin riesgos significativos de fallos por fatiga
durante su vida util prevista.

En segundo lugar, respecto la influencia de los trenes de las cargas dinamicas, aunque los trenes
dindmicos inducen mayores solicitaciones comparadas con los trenes de carga de fatiga, el analisis
demuestra que la armadura del puente presente una alta resistencia a la fatiga. En el caso del tren tipo
A9, que representa la condicion dinamica mas elevada, se necesitarian pasadas extraordinariamente
altas (1,18E20 para la armadura activa y 5,99E24 para la armadura pasiva) para inducir fallos por
fatiga. Estos valores son practicamente inalcanzables en el contexto de la vida util del puente,
reafirmando la robustez y el adecuado dimensionamiento de la estructura.

La tipologia del puente de hormigén postesado tipo losa ha demostrado ser altamente efectiva en la
mitigacion de problemas de fatiga en las armaduras, especialmente para las luces consideradas en este
estudio. Asi que se puede decir que esta tipologia de puente manteniendo unas caracteristicas
geométricas equivalentes, es particularmente adecuada para soportar las cargas repetitivas inducidas
por el trafico ferroviario, asegurando un desempefio estructural confiable y una durabilidad extendida
sin la necesidad de refuerzos adicionales o mantenimiento intensivo

La magnitud extremadamente baja de los dafios calculados sugiere que, en el improbable caso de una
futura falla estructural, esta seria atribuible a otros factores como la degradacion material por
envejecimiento o fendmenos ambientales, y no a la fatiga de las armaduras. Esto resalta la importancia
de considerar otros factores de disefio y mantenimiento para garantizar la longevidad de la estructura.

En resumen, el presente trabajo ha logrado con éxito evaluar la susceptibilidad a la fatiga del puente de
hormigén postesado tipo losa, asegurando que la estructura mantendra su desempefo y seguridad durante su
vida util de 100 afios bajo las condiciones de trafico ferroviario previstas. La alta resistencia a la fatiga de las
armaduras activa y pasiva, junto con el cumplimiento de las normativas pertinentes, proporciona una confianza
adicional en la durabilidad y fiabilidad del puente.
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1.1 Tablas de comprobacion a fatiga.

ANEXO

111 Tren tipo 1
1.1.1.1  Armadura activa
Ao (N/mm2) Log(Ao) Log(N*) N Daiio (1/N)
Aol 0.000548165 | -3.261088439 43.3818878 2.40928E+43 4,15061E-44
Ac 2 0.000344488 | -3.462825743 44.79404893 6.2237E+44 1.60676E-45
Ac 3 0.001109776 | -2.954764702 41.23762164 1.72831E+41 5.786E-42
Ac 4 0.006170978 | -2.209646009 36.02179078 1.05146E+36 9.51063E-37
Ac 5 0.002103339 | -2.677090787 39.29390423 1.96745E+39 5.08272E-40
Ao 6 0.000410121| -3.387087913 44.26388411 1.83605E+44 5.44648E-45
Ac 7 0.07217593 | -1.141607614 28.54552202 3.51174E+28 2.84759E-29
Ac 8 0.002799593 | -2.552905125 38.4246046 2.6583E+38 3.7618E-39
Ac 9 0.003650601 | -2.437635579 37.61771778 4.14684E+37 2.41147E-38
Ac 10 0.023023087 | -1.637836443 32.01912382 1.04502E+32 9.56921E-33
Ac 11 0.00781624 | -2.107002123 35.30328358 2.01041E+35 4.97412E-36
Ac 12 0.00288349 | -2.540081597 38.3348399 2.16192E+38 4.62552E-39
Ac 13 0.026925635 | -1.569834041 31.54310701 3.49226E+31 2.86347E-32
Ac 14 0.000646198 | -3.189634507 42.88171027 7.61571E+42 1.31308E-43
Ao 15 0.000371452 | -3.430097679 44.56495248 3.67242E+44 2.723E-45
Ao 16 0.548374876 | -0.260922451 22.38072588 2.40285E+22 4.16173E-23
Ac 17 0.000552054 | -3.258018407 43.36039757 2.29297E+43 4.36116E-44
Ao 18 3.8426E-06 | -5.415374423 58.46188968 2.89661E+58 3.45231E-59
Ac 19 0.109402765| -0.960971701 27.28107063 1.91016E+27 5.23515E-28
Ac 20 0.078974469 | -1.102513288 28.27186173 1.87009E+28 5.34735E-29
Ac 21 0.130762517 | -0.883516728 26.73888581 5.48133E+26 1.82438E-27
Ao 22 0.064846496 | -1.188113484 28.87106311 7.43127E+28 1.34566E-29
Ao 23 0.016231157 | -1.789650513 33.08182231 1.20732E+33 8.28281E-34
Ac 24 0.004677729 | -2.329964908 36.86402308 7.31178E+36 1.36766E-37
Ao 25 0.011678953 | -1.932596089 34.08244135 1.20904E+34 8.27101E-35
Ao 26 0.001478121 | -2.830289869 40.3662978 2.32433E+40 4.30231E-41
Ao 27 0.178061124 | -0.749430889 25.80028495 6.31371E+25 1.58385E-26
Ao 28 0.0409122 | -1.388147169 30.2712989 1.86766E+30 5.35428E-31
Ao 29 0.000225433 -3.64698301 46.08314979 1.21102E+46 8.25753E-47
Ao 30 0.000395788 | -3.402537198 44.37202911 2.35521E+44 4.24591E-45
Ac 31 1.28087E-06 | -5.892495677 61.80173846 6.33488E+61 1.57856E-62




Ao 32 0.007613478 | -2.118416877 35.38318686 2.4165E+35 4.13822E-36
Ao 33 0.002901166 | -2.537427471 38.31626102 2.07139E+38 4.82769E-39
Ao 34 4.35495E-05| -4.36101676 51.08138604 1.20611E+51 8.29113E-52
Ao 35 0.000655804 | -3.183225716 42.83684874 6.86829E+42 1.45597E-43
Ao 36 0.032740263 | -1.484917837 30.94869358 8.88574E+30 1.1254E-31
Ao 37 0.001344911| -2.871306378 40.65341337 4.50208E+40 2.22119E-41
Ao 38 0.005507732 | -2.259027222 36.36745927 2.33055E+36 4.29082E-37
Ao 39 0.082856779 | -1.081671953 28.12597239 1.33651E+28 7.48217E-29
Ao 40 0.112362851| -0.949377251 27.19990948 1.58456E+27 6.31089E-28
Ac 41 0.103800249 | -0.983801604 27.44087995 2.75981E+27 3.62343E-28
Ac 42 6.53243E-05| -4.184925501 49.84874723 7.05907E+49 1.41662E-50
Ac 43 0.000632749 | -3.198768728 42.94564982 8.82368E+42 1.13331E-43
Ac 44 0.000327902 | -3.484255712 44.94405871 8.79141E+44 1.13747E-45
Ao 45 0.000154985 | -3.809710307 47.22224087 1.66817E+47 5.99459E-48
Ao 46 0.000293319| -3.532660195 45.28289009 1.91818E+45 5.21327E-46
Ao 47 0.002113432| -2.675011733 39.27935085 1.90261E+39 5.25592E-40
Ao 48 0.065079614| -1.18655503 28.86015393 7.24693E+28 1.3799E-29
Ao 49 0.000813351 | -3.089721952 42.18232239 1.52168E+42 6.5717E-43
Ao 50 0.000128087 | -3.892495677 47.80173846 6.33488E+47 1.57856E-48
Ao 51 0.001102827| -2.957492526 41.2567164 1.80599E+41 5.53712E-42
Ao 52 0.009378514 | -2.027865953 34.74933039 5.61475E+34 1.78102E-35
Ao 53 0.000113997| -3.943105671 48.15600842 1.43222E+48 6.98219E-49
Ao 54 0.000230556 | -3.637223172 46.01483093 1.03474E+46 9.66427E-47
Ao 55 0.050651919 | -1.295404097 29.6220974 4.18888E+29 2.38728E-30
Ao 56 0.000773644 | -3.111458739 42.33447989 2.16013E+42 4.62935E-43
Ao 57 0.000367609 | -3.434613781 44.59656519 3.94971E+44 2.53183E-45
Ao 58 0.000158828 | -3.799073992 47.14778667 1.40536E+47 7.11563E-48
Ao 59 0.000316374 | -3.499798724 45.05285979 1.12943E+45 8.85401E-46
Ao 60 0.000161389 | -3.792125132 47.09914465 1.25645E+47 7.95894E-48
Ao 61 0.019638266 | -1.706896867 32.50254679 3.18088E+32 3.14379E-33
Ao 62 0.090201275| -1.044787322 27.86777998 7.3753E+27 1.35588E-28
Ao 63 0.098120881| -1.00823856 27.61193864 4.09203E+27 2.44378E-28
Ao 64 0.089633851 | -1.047527945 27.88696434 7.7084E+27 1.29729E-28
Ao 65 0.071291823 | -1.146960278 28.58299067 3.82817E+28 2.61222E-29
Ao 66 0.000475202 | -3.323121768 43.81612109 6.54819E+43 1.52714E-44
Ao 67 0.001324417| -2.877975139 40.70009469 5.01297E+40 1.99483E-41
Ao 68 0.002127521| -2.672126045 39.25915104 1.81615E+39 5.50616E-40
Ao 69 0.00150502 | -2.822457811 40.3114734 2.04868E+40 4.8812E-41
Ac 70 0.074242943 | -1.129344822 28.45968248 2.88192E+28 3.4699E-29
Ac 71 0.075171572| -1.123946368 28.42189329 2.64176E+28 3.78536E-29
Ao 72 3.58643E-05 | -4.445337646 51.67163224 4.69496E+51 2.12994E-52
Ac 73 0.002643711| -2.577785984 38.59877061 3.96982E+38 2.51901E-39
Ac 74 0.096018977| -1.017642925 27.6777692 4.76178E+27 2.10006E-28
Ac 75 0.096641479 | -1.014836433 27.65812375 4.55118E+27 2.19723E-28
Ao 76 0.022782796 | -1.642392972 32.05101953 1.12466E+32 8.89161E-33
Ao 77 0.004490723 | -2.347683766 36.98805508 9.72871E+36 1.02789E-37
Ac 78 0.005733164 | -2.241605599 36.24550792 1.75998E+36 5.68188E-37




Ao 79 0.160055837 | -0.795728484 26.12436811 1.33158E+26 7.50986E-27
Ao 80 0.020227977 | -1.694047542 32.41260151 2.58584E+32 3.86722E-33
Ao 81 8.73552E-05| -4.058711303 48.96524784 9.23098E+48 1.08331E-49
Ac 82 0.000219541| -3.65848486 46.16366274 1.45768E+46 6.86021E-47
Ac 83 0.000338918 | -3.469905837 44.84360958 6.97605E+44 1.43348E-45
Ac 84 2.9588E-05| -4.528883697 52.2564546 1.80491E+52 5.54045E-53
Ac 85 0.005653494 | -2.247683027 36.28804991 1.94111E+36 5.15169E-37
Ac 86 0.00927771| -2.032559204 34.78218315 6.05596E+34 1.65127E-35
Ac 87 0.049803984 | -1.302735912 29.6734201 4.71433E+29 2.12119E-30
Ao 88 0.0002604 | -3.584358299 45.64477681 4.41344E+45 2.26581E-46
Ao 89 0.023961656 | -1.620483174 31.89765094 7.90043E+31 1.26575E-32
Ac 90 0.006124329 | -2.212941508 36.04485928 1.10882E+36 9.01863E-37
Ac 91 0.01532607 | -1.814569182 33.25625299 1.80407E+33 5.54303E-34
Ac 92 0.013872631 | -1.857841156 33.55915681 3.62374E+33 2.75958E-34
Ac 93 0.013362205| -1.874121854 33.6731217 4.71109E+33 2.12265E-34
Ac 94 0.012126962 | -1.916247978 33.96800457 9.28976E+33 1.07645E-34
Ac 95 0.011573409 | -1.936538681 34.11003949 1.28837E+34 7.76177E-35
Ac 96 0.01064063 | -1.973032646 34.36549724 2.32005E+34 4.31025E-35
Ac 97 0.009332185| -2.030016644 34.76438523 5.8128E+34 1.72034E-35
Ac 98 0.008403659 | -2.075531597 35.0829899 1.21057E+35 8.26057E-36
Ac 99 0.008381833 | -2.076661014 35.09089582 1.23281E+35 8.11156E-36
Ao 100 0.008218099 | -2.085228614 35.15086902 1.41537E+35 7.06531E-36
Ac 101 0.006980499 | -2.156113519 35.64706335 4.43673E+35 2.25391E-36
Ao 102 0.006369077 | -2.195923506 35.92573326 8.42817E+35 1.1865E-36
Ac 103 0.006246485 | -2.204364294 35.98481878 9.65648E+35 1.03557E-36
Ac 104 0.006159834 | -2.210430966 36.02728549 1.06484E+36 9.39106E-37
Ao 105 0.005499445 | -2.259681176 36.37203695 2.35525E+36 4.24583E-37
Ao 106 0.005344754 | -2.272072271 36.45877462 2.87591E+36 3.47717E-37
Ac 107 0.004892006 | -2.310513042 36.72786001 5.34392E+36 1.87129E-37
Ac 108 0.004591194 | -2.338074362 36.92078926 8.33277E+36 1.20008E-37
DANO TOTAL 4.16452E-23

1.1.1.2  Armadura pasiva

Ac (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)

Ac 1 0.00080489 | -3.094261813 48.08674962 1.2211E+48 8.18937E-49
Ac 2 0.00050583 | -3.295999117 49.49891075 3.15436E+49 3.17022E-50
Ao 3 0.00162953| -2.787938076 45.94248346 8.75958E+45 1.14161E-46
Ac 4 0.00906109| -2.042819382 40.7266526 5.32908E+40 1.87649E-41
Ac 5 0.00308842 -2.51026416 43.99876605 9.97163E+43 1.00285E-44
Ac 6 0.0006022 | -3.220261287 48.96874593 9.30563E+48 1.07462E-49
Ao 7 0.1059788 | -0.974780988 33.25038384 1.77985E+33 5.61845E-34
Ac 8 0.00411075| -2.386078499 43.12946642 1.34731E+43 7.42222E-44
Ac 9 0.00536032 | -2.270808953 42.3225796 2.10174E+42 4.75796E-43
Ac 10 0.03380572| -1.471009816 36.72398564 5.29646E+36 1.88805E-37
Ac 11 0.0114769| -1.940175496 40.0081454 1.01893E+40 9.81419E-41
Ac 12 0.00423394 | -2.373254971 43.03970172 1.09573E+43 9.12637E-44
Ac 13 0.03953599 | -1.403007415 36.24796883 1.76998E+36 5.64978E-37
Ac 14 0.00094884 -3.02280788 47.58657209 3.85986E+47 2.59076E-48




Ao 15 0.00054542 | -3.263271053 49.2698143 1.86129E+49 5.37261E-50
Ao 16 0.80520076 | -0.094095825 27.0855877 1.21783E+27 8.21131E-28
Ao 17 0.0008106| -3.091191781 48.06525939 1.16214E+48 8.6048E-49
Ao 18 5.6422E-06| -5.248547796 63.1667515 1.46809E+63 6.81159E-64
Ao 19 0.16064045 | -0.794145075 31.98593245 9.68127E+31 1.03292E-32
Ao 20 0.11596137| -0.935686661 32.97672355 9.47815E+32 1.05506E-33
Ac 21 0.19200383 | -0.716690101 31.44374763 2.7781E+31 3.59958E-32
Ao 22 0.0952167| -1.021286858 33.57592493 3.76639E+33 2.65506E-34
Ao 23 0.02383286| -1.622823887 37.78668413 6.11905E+37 1.63424E-38
Ao 24 0.0068685| -2.163138282 41.5688849 3.70582E+41 2.69845E-42
Ao 25 0.01714867| -1.765769463 38.78730317 6.12778E+38 1.63191E-39
Ao 26 0.00217038 | -2.663463242 45.07115962 1.17804E+45 8.48868E-46
Ao 27 0.26145427| -0.582604263 30.50514677 3.19998E+30 3.12502E-31
Ao 28 0.06007302 | -1.221320542 34.97616072 9.46587E+34 1.05643E-35
Ao 29 0.00033101| -3.480156383 50.78801161 6.13778E+50 1.62925E-51
Ao 30 0.00058115| -3.235710571 49.07689093 1.19369E+49 8.3774E-50
Ao 31 1.8807E-06| -5.725669051 66.50660028 3.2107E+66 3.11458E-67
Ao 32 0.01117917 -1.95159025 40.08804868 1.22475E+40 8.16491E-41
Ao 33 0.0042599 | -2.370600845 43.02112284 1.04984E+43 9.52527E-44
Ao 34 6.3945E-05| -4.194190134 55.78624786 6.11291E+55 1.63588E-56
Ao 35 0.00096294 -3.01639909 47.54171056 3.48105E+47 2.87269E-48
Ao 36 0.04807384 | -1.318091211 35.6535554 4.50355E+35 2.22047E-36
Ao 37 0.00197479| -2.704479752 45.35827519 2.28179E+45 4.38253E-46
Ao 38 0.00808722 | -2.092200595 41.07232109 1.18119E+41 8.46601E-42
Ao 39 0.12166192 | -0.914845327 32.83083422 6.77383E+32 1.47627E-33
Ac 40 0.16498687 | -0.782550625 31.9047713 8.03103E+31 1.24517E-32
Ac 41 0.15241406| -0.816974978 32.14574177 1.39876E+32 7.14921E-33
Ao 42 9.5918E-05| -4.018098875 54.55360905 3.57774E+54 2.79506E-55
Ao 43 0.00092909 | -3.031942102 47.65051164 4.4721E+47 2.23609E-48
Ao 44 0.00048147| -3.317429086 49.64892053 4.45575E+49 2.24429E-50
Ao 45 0.00022757 | -3.642883681 51.92710269 8.45479E+51 1.18276E-52
Ao 46 0.00043069 | -3.365833569 49.98775191 9.72192E+49 1.0286E-50
Ao 47 0.00310324| -2.508185107 43.98421267 9.64301E+43 1.03702E-44
Ac 48 0.095559| -1.019728403 33.56501575 3.67296E+33 2.7226E-34
Ao 49 0.00119428 | -2.922895326 46.88718421 7.71231E+46 1.29663E-47
Ao 50 0.00018807 | -3.725669051 52.50660028 3.2107E+52 3.11458E-53
Ao 51 0.00161933 | -2.790665899 45.96157822 9.15331E+45 1.0925E-46
Ao 52 0.01377085| -1.861039326 39.45419221 2.84572E+39 3.51405E-40
Ao 53 0.00016739| -3.776279044 52.86087024 7.25889E+52 1.37762E-53
Ao 54 0.00033853 | -3.470396546 50.71969275 5.24436E+50 1.90681E-51
Ao 55 0.07437424| -1.128577471 34.32695922 2.12305E+34 4.71022E-35
Ao 56 0.00113597| -2.944632112 47.03934171 1.09482E+47 9.13394E-48
Ao 57 0.00053978 | -3.267787154 49.30142701 2.00183E+49 4.99543E-50
Ao 58 0.00023321| -3.632247366 51.85264849 7.12276E+51 1.40395E-52
Ao 59 0.00046455| -3.332972098 49.75772161 5.72429E+49 1.74694E-50
Ao 60 0.00023697 | -3.625298506 51.80400647 6.36805E+51 1.57034E-52
Ao 61 0.02883565 -1.54007024 37.20740861 1.61216E+37 6.20285E-38




Ao 62 0.13244614| -0.877960696 32.5726418 3.73802E+32 2.67521E-33
Ao 63 0.14407481| -0.841411934 32.31680046 2.07396E+32 4.82169E-33
Ao 64 0.13161297| -0.880701319 32.59182616 3.90684E+32 2.55961E-33
Ao 65 0.10468064 | -0.980133652 33.28785249 1.94023E+33 5.15404E-34
Ao 66 0.00069776| -3.156295141 48.52098292 3.31881E+48 3.01312E-49
Ao 67 0.00194469 | -2.711148512 45.40495651 2.54072E+45 3.93589E-46
Ao 68 0.00312392 | -2.505299418 43.96401286 9.20477E+43 1.08639E-44
Ao 69 0.00220988 | -2.655631184 45.01633522 1.03833E+45 9.63085E-46
Ac 70 0.10901388 | -0.962518196 33.1645443 1.46064E+33 6.8463E-34
Ac 71 0.11037743 | -0.957119741 33.12675512 1.33892E+33 7.4687E-34
Ac 72 5.2661E-05 -4.27851102 56.37649406 2.37955E+56 4.20248E-57
Ac 73 0.00388187 | -2.410959358 43.30363243 2.01202E+43 4.97013E-44
Ac 74 0.1409885| -0.850816299 32.38263102 2.41341E+32 4.14352E-33
Ac 75 0.14190255| -0.848009807 32.36298557 2.30667E+32 4.33525E-33
Ac 76 0.03345289| -1.475566346 36.75588135 5.70009E+36 1.75436E-37
Ao 77 0.00659391| -2.180857139 41.6929169 4.93079E+41 2.02807E-42
Ac 78 0.00841823 | -2.074778973 40.95036974 8.9201E+40 1.12106E-41
Ao 79 0.23501639| -0.628901857 30.82922993 6.74885E+30 1.48173E-31
Ao 80 0.02970155| -1.527220915 37.11746333 1.31058E+37 7.63021E-38
Ao 81 0.00012827| -3.891884676 53.67010966 4.67853E+53 2.13742E-54
Ao 82 0.00032236| -3.491658233 50.86852456 7.38796E+50 1.35355E-51
Ao 83 0.00049765| -3.303079211 49.5484714 3.53567E+49 2.82832E-50
Ao 84 4.3445E-05| -4.362057071 56.96131642 9.1478E+56 1.09316E-57
Ao 85 0.00830125| -2.080856401 40.99291173 9.83811E+40 1.01646E-41
Ao 86 0.01362283 | -1.865732578 39.48704497 3.06934E+39 3.25803E-40
Ao 87 0.07312918 | -1.135909286 34.37828193 2.38936E+34 4.18522E-35
Ao 88 0.00038236| -3.417531672 50.34963863 2.23686E+50 4.47055E-51
Ao 89 0.03518386 | -1.453656547 36.60251276 4.00417E+36 2.4974E-37
Ac 90 0.0089926 | -2.046114882 40.7497211 5.6198E+40 1.77942E-41
Ac 91 0.02250388 | -1.647742555 37.96111481 9.14355E+37 1.09367E-38
Ac 92 0.02036974 | -1.691014529 38.26401863 1.83662E+38 5.44479E-39
Ac 93 0.01962026| -1.707295228 38.37798352 2.38772E+38 4.18809E-39
Ac 94 0.0178065| -1.749421352 38.67286639 4.70832E+38 2.1239E-39
Ao 95 0.0169937| -1.769712054 38.81490131 6.52982E+38 1.53144E-39
Ao 96 0.01562406 -1.80620602 39.07035907 1.17587E+39 8.50435E-40
Ac 97 0.01370282 | -1.863190017 39.46924705 2.9461E+39 3.39432E-40
Ac 98 0.01233943 | -1.908704971 39.78785172 6.13552E+39 1.62985E-40
Ac 99 0.01230738 | -1.909834388 39.79575764 6.24824E+39 1.60045E-40
Ac 100 0.01206696 | -1.918401988 39.85573084 7.1735E+39 1.39402E-40
Ao 101 0.01024975| -1.989286892 40.35192517 2.24867E+40 4.44708E-41
Ac 102 0.00935197| -2.029096879 40.63059508 4.27164E+40 2.34102E-41
Ao 103 0.00917196| -2.037537668 40.6896806 4.89419E+40 2.04324E-41
Ac 104 0.00904473 -2.04360434 40.73214731 5.39694E+40 1.8529E-41
Ao 105 0.00807505 | -2.092854549 41.07689877 1.19371E+41 8.37725E-42
Ao 106 0.00784792 | -2.105245644 41.16363644 1.45759E+41 6.86062E-42
Ac 107 0.00718313 | -2.143686415 41.43272183 2.70846E+41 3.69214E-42
Ac 108 0.00674143 | -2.171247736 41.62565108 4.22329E+41 2.36782E-42

DANO TOTAL 8.21682E-28




11.2 Trentipo 2

11.21  Armadura activa
Ao (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)

Ac 1 0.00056227 -3.2500549 43.30465302 2.01675E+43 4.95846E-44
Ac 2 0.00055958 | -3.252134011 43.3192068 2.08548E+43 4.79505E-44
Ac 3 0.00100197 | -2.999143166 41.54827088 3.53404E+41 2.82963E-42
Ac 4 0.00649255 -2.18758461 35.86736099 7.36819E+35 1.35718E-36
Ac 5 0.01622129| -1.789914488 33.08367013 1.21247E+33 8.24764E-34
Ac 6 8.1169E-05 -4.09061197 49.18855251 1.54366E+49 6.4781E-50
Ao 7 0.02402649 | -1.619309609 31.88943598 7.7524E+31 1.28992E-32
Ac 8 0.00050786 | -3.294252486 43.61403612 4.11184E+43 2.432E-44
Ac 9 0.00710344 | -2.148531474 35.59398904 3.92635E+35 2.54689E-36
Ac 10 0.01628764 | -1.788141743 33.07126092 1.17831E+33 8.4867E-34
Ac 11 0.01346141 -1.87090949 33.65063515 4.47337E+33 2.23545E-34
Ac 12 0.00206604 -2.68486131 39.34829789 2.22996E+39 4.48438E-40
Ac 13 0.02773143| -1.557027747 31.45346295 2.84095E+31 3.51995E-32
Ac 14 0.00552272| -2.257847141 36.35919871 2.28664E+36 4.37322E-37
Ao 15 0.00753752 -2.12277135 35.41366817 2.5922E+35 3.85773E-36
Ao 16 0.40550188 | -0.392007127 23.29831861 1.98755E+23 5.03131E-24
Ac 17 0.08880513| -1.051561949 27.91520236 8.22626E+27 1.21562E-28
Ac 18 3.4583E-05 -4.461131913 51.78219211 6.05609E+51 1.65123E-52
Ac 19 0.00019341 -3.71351873 46.54889983 3.53916E+46 2.82553E-47
Ao 20 7.9414E-05 -4.100103988 49.25499664 1.79886E+49 5.55909E-50
Ao 21 0.00277692 | -2.556436399 38.44932352 2.814E+38 3.55366E-39
Ao 22 6.4043E-06 | -5.193525673 56.90894843 8.10865E+56 1.23325E-57
Ao 23 0.00065196 | -3.185777895 42.85471399 7.15672E+42 1.39729E-43
Ac 24 0.04036655| -1.393978366 30.31211728 2.05172E+30 4.87397E-31
Ao 25 0.05458418 | -1.262933185 29.39480101 2.482E+29 4.02902E-30
Ao 26 0.00154473 -2.81114837 40.23230731 1.70729E+40 5.85724E-41
Ao 27 0.00885464 -2.05282912 34.92407256 8.396E+34 1.19104E-35
Ao 28 0.02512038 | -1.599973793 31.75408527 5.67656E+31 1.76163E-32
Ao 29 0.00084153| -3.074930308 42.07878088 1.19889E+42 8.34102E-43
Ao 30 0.01530893 -1.815055093 33.25965437 1.81825E+33 5.49978E-34
Ao 31 0.00152039| -2.818044958 40.28058343 1.90802E+40 5.24103E-41
Ao 32 0.00015883 -3.799073992 47.14778667 1.40536E+47 7.11563E-48
Ao 33 2.4336E-05| -4.613742076 52.85046326 7.08701E+52 1.41103E-53
Ao 34 0.00276283 | -2.558645532 38.46478745 2.916E+38 3.42936E-39
Ao 35 0.01882748 | -1.725207887 32.63072393 4.27291E+32 2.34032E-33
Ao 36 0.02031328 | -1.692219878 32.39980787 2.51078E+32 3.98283E-33
Ao 37 0.01425606 | -1.846000513 33.47627231 2.99414E+33 3.33986E-34
Ao 38 0.00126422 | -2.898178525 40.84151839 6.94254E+40 1.4404E-41
Ao 39 0.11158664 | -0.952387781 27.22098319 1.66335E+27 6.01197E-28
Ac 40 0.00479429 -2.31927585 36.78919967 6.1546E+36 1.6248E-37
Ac 41 0.01784761| -1.748419871 32.79320782 6.21166E+32 1.60988E-33
Ac 42 0.00472768 | -2.325351632 36.83173015 6.78782E+36 1.47323E-37
Ac 43 0.0129351 -1.888230206 33.77188017 5.91398E+33 1.69091E-34




Ac 44 0.01159275| -1.935813508 34.10496327 1.2734E+34 7.85302E-35
Ao 45 0.0155327| -1.808753044 33.21554003 1.64263E+33 6.08779E-34
Ao 46 0.0879645| -1.055692583 27.9441168 8.79259E+27 1.13732E-28
Ao 47 0.00603161 | -2.219566987 36.09123763 1.23378E+36 8.10517E-37
Ao 48 0.02276871| -1.642661636 32.05290017 1.12954E+32 8.85319E-33
Ao 49 0.0129611| -1.887358081 33.76577529 5.83143E+33 1.71484E-34
Ao 50 0.00040604 | -3.391436415 44.29432363 1.96935E+44 5.07781E-45
Ao 51 0.01940899 | -1.711997054 32.5382481 3.45341E+32 2.89569E-33
Ao 52 0.00221078 | -2.655454886 39.14245292 1.3882E+39 7.20356E-40
Ao 53 0.06486187 | -1.188010557 28.87034262 7.41895E+28 1.3479E-29
Ao 54 0.00269495 | -2.569449942 38.54041831 3.47071E+38 2.88125E-39
Ao 55 0.01979914| -1.703353613 32.47774401 3.0043E+32 3.32856E-33
Ao 56 0.05420069 | -1.265995174 29.41623494 2.60756E+29 3.835E-30
Ao 57 0.00177016| -2.751987634 39.81818216 6.57934E+39 1.51991E-40
Ao 58 0.0353353| -1.451791202 30.71680714 5.20963E+30 1.91952E-31
Ao 59 0.00071216| -3.147420886 42.58621492 3.85669E+42 2.5929E-43
Ao 60 0.01221307 -1.91317498 33.94649358 8.84084E+33 1.13111E-34
Ao 61 0.00495952 | -2.304560329 36.68619102 4.85502E+36 2.05972E-37
Ao 62 0.01281893 | -1.892148381 33.79930739 6.29952E+33 1.58742E-34
Ao 63 0.0952771| -1.021011478 27.70134906 5.02747E+27 1.98907E-28
Ao 64 0.00045227 -3.34459796 43.96645444 9.25666E+43 1.0803E-44
Ao 65 0.00445678 | -2.350978836 37.01112058 1.02594E+37 9.74719E-38
Ao 66 0.01663104 | -1.779080481 33.00783209 1.0182E+33 9.82128E-34
Ao 67 0.0026245| -2.580953719 38.62094475 4.17777E+38 2.39362E-39
Ao 68 0.02429678 | -1.614451241 31.85542741 7.16849E+31 1.39499E-32
Ao 69 0.00011656 | -3.933454285 48.08844872 1.22588E+48 8.15739E-49
Ac 70 0.06136125| -1.212105767 29.03900909 1.09398E+29 9.14094E-30
Ac 71 0.00132057| -2.879237012 40.70892781 5.11597E+40 1.95466E-41
Ao 72 0.00279101 | -2.554238447 38.43393785 2.71605E+38 3.68182E-39
Ao 73 0.09080328 | -1.041898449 27.84755786 7.03976E+27 1.4205E-28
Ao 74 0.00395532 | -2.402818386 37.37399742 2.36591E+37 4.22671E-38
Ao 75 0.01126933 | -1.948101847 34.19098165 1.55232E+34 6.44196E-35
Ao 76 0.00641356 | -2.192900739 35.90457389 8.02738E+35 1.24574E-36
Ao 77 0.00124539| -2.904695392 40.88713646 7.71146E+40 1.29677E-41
Ac 78 0.090413| -1.043769107 27.86065247 7.25525E+27 1.37831E-28
Ac 79 0.00679628 | -2.167728432 35.72836774 5.35017E+35 1.8691E-36
Ao 80 0.0035954 | -2.444253265 37.66404157 4.61362E+37 2.1675E-38
Ao 81 0.0841274| -1.075062533 28.07970645 1.20145E+28 8.32326E-29
Ao 82 0.00052259| -3.281835514 43.52711732 3.36602E+43 2.97086E-44
Ao 83 0.01347537| -1.870459297 33.6474838 4.44103E+33 2.25173E-34
Ao 84 0.0108469 | -1.964694314 34.30712892 2.02828E+34 4.93027E-35
Ao 85 0.00021941| -3.658738314 46.16543692 1.46365E+46 6.83224E-47
Ao 86 0.06967972| -1.156893584 28.65252381 4.49287E+28 2.22575E-29
Ao 87 8.838E-05| -4.053646587 48.92979483 8.50736E+48 1.17545E-49
Ao 88 0.0159404 | -1.797500776 33.13677416 1.37017E+33 7.29837E-34
Ao 89 0.0028986 | -2.537811123 38.31894658 2.08423E+38 4.79792E-39
Ac 90 0.0053694 | -2.270074403 36.44478954 2.78477E+36 3.59096E-37
Ac 91 0.08957557 | -1.047810413 27.88894161 7.74358E+27 1.29139E-28




Ac 92 0.00186046 | -2.730379536 39.66692547 4.64436E+39 2.15315E-40
Ac 93 0.00908122 | -2.041855568 34.84725769 7.0349E+34 1.42149E-35
Ac 94 0.01240764 | -1.906310861 33.89844475 7.91489E+33 1.26344E-34
Ao 95 0.00024977 | -3.602461066 45.77149618 5.90876E+45 1.6924E-46
Ao 96 0.0268867 | -1.570462549 31.54750656 3.52782E+31 2.83461E-32
Ao 97 5.2516E-05| -4.279711821 50.51225147 3.25276E+50 3.07432E-51
Ao 98 0.05772999| -1.238598483 29.2244581 1.67671E+29 5.96406E-30
Ac 99 0.00252459| -2.597809053 38.73893209 5.48191E+38 1.82418E-39
Ao 100 0.00501332 | -2.299874856 36.65339271 4.50187E+36 2.2213E-37
Ac 101 0.08968252 | -1.047292179 27.88531397 7.67916E+27 1.30223E-28
Ao 102 0.00209038 | -2.679775523 39.31269738 2.05446E+39 4.86746E-40
Ac 103 0.00980005 | -2.008771799 34.61567131 4.12735E+34 2.42286E-35
Ac 104 0.00888295 -2.05144295 34.91436937 8.2105E+34 1.21795E-35
Ao 105 0.0012924| -2.888604511 40.7745003 5.94977E+40 1.68074E-41
Ao 106 0.08817878 -1.05463589 27.93671995 8.6441E+27 1.15686E-28
Ao 107 0.00441003 | -2.355558655 37.0431793 1.10453E+37 9.05359E-38
Ao 108 0.00341607 | -2.466472662 37.81957735 6.60051E+37 1.51503E-38
Ao 109 0.08618832| -1.064551603 28.00612994 1.01421E+28 9.85984E-29
Ac 110 0.00130264 | -2.885174724 40.75049179 5.62978E+40 1.77627E-41
Ac 111 0.01454963 | -1.837147931 33.41430424 2.596E+33 3.85208E-34
Ac 112 0.12182488 | -0.914264016 26.95411683 8.9974E+26 1.11143E-27
Ao 113 0.00406291| -2.391162499 37.29240621 1.96068E+37 5.10028E-38
Ac 114 0.00680781| -2.166992408 35.72321558 5.28708E+35 1.8914E-36
Ao 115 0.13943233 | -0.855636523 26.54372438 3.49723E+26 2.8594E-27
Ao 116 0.00426516| -2.370064486 37.14472012 1.39547E+37 7.16605E-38
Ao 117 0.00568782 | -2.245054023 36.26964688 1.86057E+36 5.37469E-37
Ao 118 0.00794151| -2.100096983 35.2549476 1.79865E+35 5.55971E-36
Ac 119 0.00219118| -2.659321822 39.16952147 1.47748E+39 6.76828E-40
Ao 120 0.02037938 -1.69080912 32.38993256 2.45433E+32 4.07444E-33
Ac 121 0.00025835| -3.587789779 45.66879717 4.66441E+45 2.14389E-46
Ao 122 0.00833858 | -2.078908018 35.10662484 1.27828E+35 7.82303E-36
Ac 123 0.10957363 | -0.960293939 27.2763263 1.88941E+27 5.29266E-28
Ac 124 0.00514243 | -2.288831762 36.57609105 3.76783E+36 2.65405E-37
Ao 125 0.01511411 -1.82061735 33.29859017 1.9888E+33 5.02817E-34
Ao 126 0.01905073 | -1.720088339 32.5948871 3.93448E+32 2.54163E-33
Ao 127 0.0114858| -1.939838821 34.13314047 1.35875E+34 7.35969E-35
Ao 128 0.00034942 | -3.456651311 44.7508279 5.63414E+44 1.77489E-45
Ao 129 0.00325379| -2.487610669 37.9675434 9.2799E+37 1.0776E-38
Ao 130 0.00258082 -2.58824218 38.67196398 4.69855E+38 2.12832E-39
Ac 131 0.01047705| -1.979760956 34.41259542 2.5858E+34 3.86727E-35
Ao 132 0.00204254 -2.6898303 39.38308082 2.41591E+39 4.13923E-40
Ao 133 0.02349698 | -1.628987904 31.95718405 9.06117E+31 1.10361E-32
Ao 134 0.01836837| -1.735929264 32.70577357 5.07895E+32 1.96891E-33
Ao 135 0.01706037| -1.768011668 32.9303504 8.51825E+32 1.17395E-33
Ao 136 0.01580155| -1.801300194 33.16337008 1.4567E+33 6.86483E-34
Ao 137 0.01189569 | -1.924610412 34.0265416 1.06302E+34 9.40716E-35
Ao 138 0.01310298 | -1.882629808 33.73267738 5.40353E+33 1.85064E-34




Ao 139 0.01477153 | -1.830574474 33.36829004 2.33502E+33 4.28262E-34
Ao 140 0.01144001| -1.941573706 34.14528466 1.39728E+34 7.15674E-35
Ao 141 0.00992845 -2.00311833 34.57609703 3.76788E+34 2.65401E-35
Ac 142 0.00937124| -2.028202985 34.75168962 5.64533E+34 1.77137E-35
Ac 143 0.00993248 | -2.002942437 34.57486578 3.75721E+34 2.66155E-35
Ac 144 0.00966142 | -2.014959055 34.6589821 4.56018E+34 2.1929E-35
Ac 145 0.0073047| -2.136397636 35.50905218 3.22888E+35 3.09705E-36
Ac 146 0.00800523 | -2.096626083 35.2306513 1.70079E+35 5.87961E-36
Ao 147 0.00880287| -2.055375873 34.94189983 8.74782E+34 1.14314E-35
Ao 148 0.00726558 | -2.138729595 35.52537588 3.35255E+35 2.9828E-36
Ao 149 0.00586926 | -2.231416897 36.174187 1.49344E+36 6.69596E-37
Ac 150 0.00538673 | -2.268674942 36.43499331 2.72266E+36 3.67288E-37
Ac 151 0.00641676| -2.192683958 35.90305643 7.99938E+35 1.2501E-36
Ao 152 0.00510241| -2.292224314 36.59983892 3.9796E+36 2.51282E-37
DANO TOTAL 5.03775E-24
1.1.2.2 Armadura pasiva
Ao (N/mm2) Log(Ao) Log(N*) N Daiio (1/N)
Acl 0.0008256 | -3.083228274 48.00951485 1.02215E+48 9.7833E-49
Ac 2 0.00082166| -3.085307384 48.02406862 1.05698E+48 9.46088E-49
Ac 3 0.00147124 | -2.832316539 46.2531327 1.79115E+46 5.583E-47
Ac 4 0.00953327 | -2.020757983 40.57222281 3.73442E+40 2.67779E-41
Ac 5 0.02381838 | -1.623087861 37.78853195 6.14514E+37 1.6273E-38
Ac 6 0.00011918| -3.923785344 53.89341433 7.82374E+53 1.27816E-54
Ac 7 0.03527906 | -1.452482982 36.5942978 3.92914E+36 2.54508E-37
Ac 8 0.00074572| -3.127425859 48.31889794 2.084E+48 4.79846E-49
Ac 9 0.01043026 | -1.981704847 40.29885086 1.98999E+40 5.02515E-41
Ac 10 0.0239158| -1.621315116 37.77612274 5.97204E+37 1.67447E-38
Ac 11 0.01976592 | -1.704082864 38.35549697 2.26724E+38 4.41065E-39
Ac 12 0.00303365| -2.518034683 44.05315971 1.13021E+44 8.8479E-45
Ac 13 0.04071917 -1.39020112 36.15832477 1.43987E+36 6.94505E-37
Ac 14 0.00810923 | -2.091020515 41.06406053 1.15894E+41 8.62858E-42
Ao 15 0.01106765| -1.955944723 40.11852999 1.3138E+40 7.6115E-41
Ao 16 0.59541463 -0.2251805 28.00318043 1.00735E+28 9.92704E-29
Ac 17 0.13039612| -0.884735323 32.62006418 4.16931E+32 2.39848E-33
Ac 18 5.078E-05| -4.294305287 56.48705393 3.0694E+56 3.25796E-57
Ac 19 0.00028399 | -3.546692104 51.25376165 1.79375E+51 5.57492E-52
Ac 20 0.00011661| -3.933277361 53.95985846 9.11714E+53 1.09684E-54
Ac 21 0.00407746 | -2.389609773 43.15418534 1.42622E+43 7.01156E-44
Ac 22 9.4037E-06| -5.026699047 61.61381025 4.1097E+61 2.43327E-62
Ao 23 0.0009573 | -3.018951269 47.55957581 3.62724E+47 2.75692E-48
Ac 24 0.05927182 | -1.227151739 35.0169791 1.03987E+35 9.61659E-36
Ao 25 0.08014814 | -1.096106558 34.09966283 1.25795E+34 7.94945E-35
Ao 26 0.00226818 | -2.644321743 4493716913 8.65305E+44 1.15566E-45
Ao 27 0.01300162 | -1.886002494 39.62893438 4.25534E+39 2.34999E-40
Ac 28 0.03688526 | -1.433147166 36.45894709 2.87705E+36 3.47579E-37
Ac 29 0.00123565| -2.908103681 46.7836427 6.07635E+46 1.64573E-47




Ao 30 0.02247872| -1.648228466 37.96451619 9.21544E+37 1.08514E-38
Ao 31 0.00223245| -2.651218332 44.98544525 9.67042E+44 1.03408E-45
Ao 32 0.00023321| -3.632247366 51.85264849 7.12276E+51 1.40395E-52
Ao 33 3.5734E-05 -4.44691545 57.55532508 3.59191E+57 2.78404E-58
Ao 34 0.00405678 | -2.391818906 43.16964927 1.47791E+43 6.76629E-44
Ao 35 0.02764514 | -1.558381261 37.33558575 2.16564E+37 4.61758E-38
Ao 36 0.02982681| -1.525393252 37.10466969 1.27253E+37 7.85833E-38
Ao 37 0.02093274| -1.679173887 38.18113413 1.51752E+38 6.5897E-39
Ao 38 0.0018563| -2.731351898 45.54638021 3.51868E+45 2.84197E-46
Ao 39 0.16384713 | -0.785561154 31.92584501 8.43034E+31 1.18619E-32
Ao 40 0.00703965 | -2.152449224 41.49406149 3.11933E+41 3.20582E-42
Ac 41 0.02620636 | -1.581593245 37.49806964 3.14825E+37 3.17636E-38
Ao 42 0.00694185| -2.158525006 41.53659197 3.44027E+41 2.90675E-42
Ac 43 0.01899312 -1.72140358 38.47674199 2.99738E+38 3.33625E-39
Ac 44 0.0170221| -1.768986881 38.80982509 6.45394E+38 1.54944E-39
Ao 45 0.02280728 | -1.641926417 37.92040185 8.32534E+37 1.20115E-38
Ao 46 0.12916179| -0.888865956 32.64897862 4.45634E+32 2.24399E-33
Ao 47 0.00885645 -2.05274036 40.79609945 6.25316E+40 1.59919E-41
Ac 48 0.0334322| -1.475835009 36.75776199 5.72482E+36 1.74678E-37
Ac 49 0.0190313| -1.720531455 38.47063711 2.95554E+38 3.38347E-39
Ao 50 0.0005962 | -3.224609789 48.99918545 9.98126E+48 1.00188E-49
Ao 51 0.028499| -1.545170428 37.24310992 1.75029E+37 5.71334E-38
Ao 52 0.00324617| -2.488628259 43.84731474 7.03582E+43 1.4213E-44
Ao 53 0.09523927 -1.02118393 33.57520444 3.76014E+33 2.65947E-34
Ao 54 0.0039571| -2.402623315 43.24528013 1.75906E+43 5.68486E-44
Ao 55 0.02907187| -1.536526986 37.18260583 1.52267E+37 6.56741E-38
Ao 56 0.07958504 | -1.099168548 34.12109676 1.32159E+34 7.56664E-35
Ac 57 0.0025992| -2.585161008 44.52304398 3.3346E+44 2.99886E-45
Ao 58 0.05188424 | -1.284964576 35.42166896 2.6404E+35 3.78731E-36
Ao 59 0.0010457| -2.980594259 47.29107674 1.95468E+47 5.11591E-48
Ao 60 0.01793295| -1.746348353 38.6513554 4.4808E+38 2.23175E-39
Ao 61 0.00728226| -2.137733702 41.39105284 2.46067E+41 4.06394E-42
Ao 62 0.01882254 | -1.725321754 38.50416921 3.19278E+38 3.13207E-39
Ac 63 0.13989917| -0.854184851 32.40621089 2.54807E+32 3.92454E-33
Ao 64 0.00066409 | -3.177771333 48.67131626 4.69155E+48 2.13149E-49
Ao 65 0.00654407 -2.18415221 41.7159824 5.19975E+41 1.92317E-42
Ao 66 0.02442003 | -1.612253854 37.71269391 5.16053E+37 1.93779E-38
Ao 67 0.00385366 | -2.414127092 43.32580657 2.11742E+43 4.72273E-44
Ao 68 0.03567594 | -1.447624614 36.56028923 3.6332E+36 2.7524E-37
Ao 69 0.00017115| -3.766627659 52.79331054 6.21313E+52 1.60949E-53
Ac 70 0.09009918 | -1.045279141 33.74387091 5.54461E+33 1.80355E-34
Ac 71 0.00193905| -2.712410386 45.41378963 2.59292E+45 3.85665E-46
Ac 72 0.00409815| -2.387411821 43.13879967 1.37657E+43 7.26441E-44
Ac 73 0.13333009| -0.875071822 32.55241968 3.56796E+32 2.80272E-33
Ac 74 0.00580775| -2.235991759 42.07885924 1.19911E+42 8.33951E-43
Ao 75 0.01654721| -1.781275221 38.89584347 7.86762E+38 1.27103E-39
Ao 76 0.00941729| -2.026074112 40.60943571 4.06851E+40 2.4579E-41
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Ao 77 0.00182865| -2.737868765 45.59199828 3.90839E+45 2.5586E-46
Ac 78 0.13275703 | -0.876942481 32.56551429 3.67717E+32 2.71948E-33
Ac 79 0.00997926 | -2.000901805 40.43322956 2.71162E+40 3.68783E-41
Ao 80 0.00527926 | -2.277426638 42.36890339 2.33832E+42 4.27658E-43
Ao 81 0.12352763 | -0.908235907 32.78456827 6.08931E+32 1.64222E-33
Ao 82 0.00076735| -3.115008888 48.23197914 1.706E+48 5.86166E-49
Ao 83 0.01978642 -1.70363267 38.35234562 2.25085E+38 4.44278E-39
Ao 84 0.01592694 | -1.797867687 39.01199074 1.02799E+39 9.72768E-40
Ao 85 0.00032217| -3.491911688 50.87029874 7.4182E+50 1.34804E-51
Ao 86 0.10231352| -0.990066958 33.35738563 2.27712E+33 4.39151E-34
Ao 87 0.00012977 -3.88681996 53.63465665 4.31178E+53 2.31923E-54
Ao 88 0.02340593 -1.63067415 37.84163598 6.94442E+37 1.44001E-38
Ao 89 0.00425614 | -2.370984497 43.02380841 1.05635E+43 9.46655E-44
Ac 90 0.0078841| -2.103247777 41.14965137 1.4114E+41 7.08514E-42
Ac 91 0.13152739| -0.880983787 32.59380343 3.92467E+32 2.54798E-33
Ao 92 0.00273179 -2.56355291 443717873 2.3539E+44 4.24828E-45
Ao 93 0.01333433 | -1.875028941 39.55211952 3.56549E+39 2.80466E-40
Ao 94 0.01821863 | -1.739484234 38.60330657 4.0115E+38 2.49283E-39
Ao 95 0.00036675| -3.435634439 50.476358 2.99473E+50 3.3392E-51
Ao 96 0.03947881| -1.403635922 36.25236838 1.788E+36 5.59283E-37
Ao 97 7.7111E-05| -4.112885194 55.21711329 1.64859E+55 6.06578E-56
Ao 98 0.08476726| -1.071771857 33.92931993 8.49806E+33 1.17674E-34
Ac 99 0.00370696 | -2.430982427 43.44379391 2.77839E+43 3.5992E-44
Ac 100 0.00736125 -2.13304823 41.35825453 2.28168E+41 4.38274E-42
Ac 101 0.13168444 | -0.880465552 32.59017579 3.89203E+32 2.56936E-33
Ac 102 0.00306938 | -2.512948896 44.0175592 1.04126E+44 9.60375E-45
Ac 103 0.0143898 | -1.841945173 39.32053314 2.09186E+39 4.78043E-40
Ao 104 0.01304319| -1.884616323 39.61923119 4.16132E+39 2.40308E-40
Ao 105 0.00189768 | -2.721777885 45.47936212 3.01552E+45 3.31618E-46
Ao 106 0.12947644 | -0.887809263 32.64158177 4.38109E+32 2.28254E-33
Ao 107 0.00647542 | -2.188732028 41.74804112 5.59811E+41 1.78632E-42
Ao 108 0.00501596 | -2.299646035 42.52443917 3.34533E+42 2.98924E-43
Ao 109 0.12655375| -0.897724977 32.71099176 5.14034E+32 1.9454E-33
Ao 110 0.00191272| -2.718348098 45.45535361 2.85334E+45 3.50466E-46
Ao 111 0.02136381| -1.670321305 38.11916606 1.31573E+38 7.60036E-39
Ao 112 0.17888034 -0.74743739 31.65897866 4.56015E+31 2.19291E-32
Ao 113 0.00596574 | -2.224335872 41.99726803 9.93729E+41 1.00631E-42
Ac 114 0.00999618 | -2.000165782 40.4280774 2.67965E+40 3.73184E-41
Ao 115 0.20473406 | -0.688809897 31.2485862 1.7725E+31 5.64175E-32
Ao 116 0.00626271| -2.203237859 41.84958194 7.07265E+41 1.4139E-42
Ao 117 0.00835166 | -2.078227396 40.9745087 9.42994E+40 1.06045E-41
Ao 118 0.01166083 | -1.933270357 39.95980942 9.11611E+39 1.09696E-40
Ao 119 0.0032174| -2.492495195 43.8743833 7.4883E+43 1.33542E-44
Ao 120 0.02992385| -1.523982493 37.09479438 1.24393E+37 8.03907E-38
Ao 121 0.00037935| -3.420963153 50.373659 2.36406E+50 4.23001E-51
Ao 122 0.01224387| -1.912081391 39.81148666 6.47868E+39 1.54352E-40
Ao 123 0.16089135| -0.793467313 31.98118812 9.57609E+31 1.04427E-32
Ao 124 0.00755083 | -2.122005135 41.28095287 1.90965E+41 5.23657E-42




Ao 125 0.02219266 | -1.653790724 38.003452 1.00798E+38 9.92083E-39
Ao 126 0.02797295 -1.553261713 37.29974892 1.99411E+37 5.01477E-38
Ao 127 0.01686506 | -1.773012195 38.83800229 6.88656E+38 1.4521E-39
Ao 128 0.00051307 | -3.289824685 49.45568972 2.85555E+49 3.50195E-50
Ao 129 0.00477767 | -2.320784043 42.67240523 4.70333E+42 2.12615E-43
Ao 130 0.00378952 | -2.421415554 43.3768258 2.38136E+43 4,19927E-44
Ao 131 0.01538387 -1.81293433 39.11745724 1.31056E+39 7.63032E-40
Ao 132 0.00299914 | -2.523003674 44.08794264 1.22445E+44 8.1669E-45
Ao 133 0.03450156 | -1.462161278 36.66204587 4.59247E+36 2.17748E-37
Ac 134 0.02697102 -1.569102637 37.41063539 2.57416E+37 3.88476E-38
Ao 135 0.02505042 | -1.601185041 37.63521222 4.3173E+37 2.31626E-38
Ao 136 0.02320205| -1.634473567 37.8682319 7.38298E+37 1.35447E-38
Ao 137 0.01746692 | -1.757783785 38.73140342 5.3877E+38 1.85608E-39
Ao 138 0.01923963| -1.715803181 38.4375392 2.73867E+38 3.65141E-39
Ao 139 0.02168963 | -1.663747847 38.07315186 1.18346E+38 8.44983E-39
Ao 140 0.01679782 -1.77474708 38.85014648 7.08185E+38 1.41206E-39
Ao 141 0.01457835| -1.836291704 39.28095885 1.90967E+39 5.2365E-40
Ao 142 0.01376016| -1.861376359 39.45655144 2.86122E+39 3.49501E-40
Ao 143 0.01458425 -1.836115811 39.2797276 1.90427E+39 5.25137E-40
Ao 144 0.01418625| -1.848132428 39.36384392 2.31123E+39 4.32669E-40
Ao 145 0.01072578 -1.96957101 40.213914 1.63649E+40 6.11063E-41
Ao 146 0.0117544 | -1.929799457 39.93551312 8.62012E+39 1.16008E-40
Ao 147 0.0129256 | -1.888549247 39.64676166 4.43365E+39 2.25548E-40
Ao 148 0.01066834 | -1.971902968 40.2302377 1.69917E+40 5.88521E-41
Ao 149 0.00861806 | -2.064590271 40.87904882 7.56918E+40 1.32115E-41
Ao 150 0.00790955| -2.101848316 41.13985514 1.37992E+41 7.24678E-42
Ao 151 0.00942199| -2.025857331 40.60791825 4.05432E+40 2.4665E-41
Ao 152 0.00749208 | -2.125397688 41.30470074 2.01698E+41 4.95792E-42
DANO TOTAL 9.93973E-29
11.3 Trentipo 3
1.1.3.1  Armadura activa
Ao (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)
Ac 1 0.00048636 | -3.313040211 43.7455502 5.56609E+43 1.79659E-44
Ac 2 0.00047335| -3.324819063 43.82800216 6.7298E+43 1.48593E-44
Ac 3 0.00013594 | -3.866641554 47.6207596 4.17599E+47 2.39464E-48
Ac 4 0.00010222 -3.990475371 48.48759632 3.07324E+48 3.2539E-49
Ac 5 0.00024433 -3.612028399 45.83846751 6.89394E+45 1.45055E-46
Ac 6 4.8027E-05 -4.318510737 50.78384388 6.07916E+50 1.64496E-51
Ac7 0.00094337| -3.025318209 41.73149618 5.38885E+41 1.85568E-42
Ac 8 0.00668008 | -2.175218547 35.78079855 6.03669E+35 1.65654E-36
Ac 9 0.00594309 | -2.225987712 36.1361827 1.3683E+36 7.30832E-37
Ac 10 0.00015546 | -3.808373591 47.21288386 1.63262E+47 6.12514E-48
Ac 11 0.05171991| -1.286342269 29.5586646 3.61963E+29 2.76271E-30
Ac 12 0.0022022 | -2.657144014 39.15427682 1.42652E+39 7.01008E-40
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Ac 13 0.00302464 | -2.519326118 38.18955155 1.54722E+38 6.46321E-39
Ac 14 0.01805434 | -1.743418273 32.75819663 5.73055E+32 1.74503E-33
Ao 15 0.00353417| -2.451712496 37.71625619 5.20303E+37 1.92196E-38
Ao 16 0.00675876 | -2.170133274 35.74520164 5.56162E+35 1.79804E-36
Ao 17 0.0107575 -1.96828878 34.33229018 2.14927E+34 4.65275E-35
Ao 18 0.00128548 | -2.890935025 40.79081389 6.17752E+40 1.61877E-41
Ac 19 0.00209243 | -2.679349953 39.30971839 2.04041E+39 4.90097E-40
Ao 20 0.02752047 | -1.560344149 31.47667776 2.99694E+31 3.33674E-32
Ao 21 0.00321139| -2.493306698 38.00741561 1.01722E+38 9.8307E-39
Ao 22 0.0026099 | -2.583376745 38.63790594 4.34416E+38 2.30194E-39
Ao 23 0.00347538 | -2.458997862 37.76725376 5.85132E+37 1.70902E-38
Ao 24 0.30745593 | -0.512217125 24.1397886 1.37971E+24 7.24789E-25
Ao 25 0.00612639| -2.212795296 36.0438358 1.10621E+36 9.03991E-37
Ao 26 0.00012424 | -3.905723943 47.89433632 7.84037E+47 1.27545E-48
Ao 27 0.01539475| -1.812627342 33.24266012 1.74848E+33 5.71926E-34
Ao 28 0.00344297 | -2.463066413 37.79573361 6.24789E+37 1.60054E-38
Ao 29 0.0051952 | -2.284397731 36.54505284 3.50795E+36 2.85067E-37
Ao 30 0.00016139| -3.792125132 47.09914465 1.25645E+47 7.95894E-48
Ao 31 0.01382697| -1.859273031 33.56917994 3.70834E+33 2.69662E-34
Ao 32 0.00400143 | -2.397784652 37.33876129 2.18153E+37 4.58394E-38
Ao 33 0.00855748 | -2.067654206 35.02784816 1.06622E+35 9.3789E-36
Ao 34 0.05232857| -1.281261093 29.52309637 3.335E+29 2.9985E-30
Ao 35 0.07658181| -1.115874388 28.36538943 2.31947E+28 4.31132E-29
Ao 36 0.05448812 | -1.263698192 29.40015606 2.51279E+29 3.97964E-30
Ao 37 0.01304948 | -1.884406741 33.74511591 5.56053E+33 1.79839E-34
Ao 38 0.00036889 -3.43310319 44.58599105 3.8547E+44 2.59423E-45
Ao 39 0.01323777| -1.878185196 33.7015651 5.02997E+33 1.98808E-34
Ao 40 0.07784218 | -1.108785002 28.31576373 2.06902E+28 4.83322E-29
Ac 41 0.0009773| -3.009971139 41.6240667 4.20791E+41 2.37648E-42
Ao 42 0.01014447| -1.993770496 34.51066219 3.24087E+34 3.08559E-35
Ao 43 0.1607297| -0.793903862 26.11159576 1.29299E+26 7.734E-27
Ao 44 0.00125653 -2.90082667 40.86005541 7.24528E+40 1.38021E-41
Ao 45 0.00030997 | -3.508680311 45.1150309 1.30326E+45 7.67307E-46
Ao 46 0.02196176| -1.658332858 32.16259873 1.45411E+32 6.87704E-33
Ac 47 0.02734269| -1.563158827 31.49638051 3.13603E+31 3.18874E-32
Ac 48 0.10762748 | -0.968076819 27.33080645 2.14194E+27 4.66867E-28
Ac 49 0.01211317| -1.916742288 33.97146474 9.36407E+33 1.06791E-34
Ao 50 0.02837635| -1.547043526 31.3835734 2.41865E+31 4.13453E-32
Ao 51 0.13664811| -0.864396387 26.60504343 4.02757E+26 2.48288E-27
Ao 52 0.03415434 | -1.466554089 30.82014735 6.60918E+30 1.51305E-31
Ao 53 0.05012036 | -1.299985829 29.65416953 4.50993E+29 2.21733E-30
Ao 54 0.17630249 | -0.753741548 25.83045955 6.76799E+25 1.47754E-26
Ao 55 0.05157671| -1.287546403 29.56709354 3.69057E+29 2.70961E-30
Ao 56 0.0196626| -1.706359006 32.49878176 3.15342E+32 3.17116E-33
Ao 57 0.1522811| -0.817354003 26.27574674 1.88689E+26 5.29972E-27
Ao 58 0.08633946 | -1.063790678 28.00080347 1.00185E+28 9.98152E-29
Ao 59 0.06547284 | -1.183938816 28.84184043 6.94769E+28 1.43933E-29
Ao 60 0.15453927| -0.810961152 26.23099678 1.70215E+26 5.87494E-27




Ao 61 0.05856896 | -1.232332465 29.18059598 1.51564E+29 6.59787E-30
Ao 62 0.0447484 | -1.349222498 29.99882621 9.97301E+29 1.00271E-30
Ao 63 0.15799505| -0.801356523 26.16376439 1.45802E+26 6.8586E-27
Ao 64 0.06940895| -1.158584541 28.66436051 4.61701E+28 2.16591E-29
Ao 65 0.06227836| -1.205662858 28.99390873 9.86072E+28 1.01412E-29
Ao 66 0.18303858 -0.73745737 25.71647031 5.20559E+25 1.92101E-26
Ao 67 0.07162741| -1.144920748 28.56871396 3.70437E+28 2.69952E-29
Ao 68 0.02479376| -1.605657627 31.79387211 6.22117E+31 1.60741E-32
Ao 69 0.15039054 | -0.822779493 26.31372517 2.05933E+26 4.85596E-27
Ac 70 0.0839532| -1.075962735 28.08600787 1.21901E+28 8.20337E-29
Ac 71 0.05002814 | -1.300785676 29.65976845 4.56845E+29 2.18893E-30
Ac 72 0.14852559| -0.828198706 26.35165967 2.24729E+26 4.4498E-27
Ac 73 0.06033272| -1.219447109 29.09039848 1.2314E+29 8.12085E-30
Ac 74 0.03125318| -1.505105851 31.09000968 1.2303E+31 8.12812E-32
Ao 75 0.1421251| -0.847329229 26.48557333 3.05896E+26 3.26909E-27
Ao 76 0.05968204 | -1.224156361 29.12336325 1.32851E+29 7.52726E-30
Ao 77 0.04352645| -1.361246742 30.08299591 1.21059E+30 8.26046E-31
Ao 78 0.16171725| -0.791243651 26.09297428 1.23872E+26 8.07283E-27
Ac 79 0.05693458 | -1.244623912 29.26663611 1.84772E+29 5.41208E-30
Ao 80 0.01139076| -1.943447385 34.15840042 1.44013E+34 6.94384E-35
Ao 81 0.13505599| -0.869486161 26.64067185 4.37192E+26 2.28733E-27
Ao 82 0.06552279| -1.183607588 28.83952184 6.9107E+28 1.44703E-29
Ao 83 0.03658799 | -1.436661449 30.61089886 4.08224E+30 2.44963E-31
Ao 84 0.14111193 -0.85043627 26.50732261 3.21605E+26 3.10941E-27
Ao 85 0.04991542 | -1.301765272 29.66662562 4.64115E+29 2.15464E-30
Ao 86 0.0178822 -1.74757915 32.78732277 6.12806E+32 1.63184E-33
Ao 87 0.12989281| -0.886414895 26.75917298 5.74345E+26 1.74111E-27
Ao 88 0.05265135| -1.278590459 29.50440194 3.19449E+29 3.13039E-30
Ao 89 0.0390242 | -1.408665985 30.41493061 2.59974E+30 3.84653E-31
Ao 90 0.18424643 | -0.734600907 25.69647507 4.97136E+25 2.01152E-26
Ac 91 0.02870041| -1.542111963 31.34905246 2.23384E+31 4.47659E-32
Ac 92 0.0061123 | -2.213795242 36.05083542 1.12418E+36 8.89538E-37
Ac 93 0.18725904 | -0.727557216 25.64716924 4.43782E+25 2.25336E-26
Ac 94 0.02829053 | -1.548358946 31.39278134 2.47048E+31 4.0478E-32
Ao 95 0.05581881| -1.253219414 29.32680462 2.12229E+29 4.71189E-30
Ao 96 0.09789404 | -1.009243751 27.61897498 4.15887E+27 2.4045E-28
Ac 97 0.07746945| -1.110869533 28.33035546 2.13971E+28 4.67352E-29
Ac 98 0.00520929 | -2.283221505 36.53681926 3.44207E+36 2.90523E-37
Ac 99 0.12246853 | -0.911975507 26.93809727 8.67156E+26 1.15319E-27
Ao 100 0.04721728 | -1.325898993 29.83556167 6.84797E+29 1.46029E-30
Ac 101 0.06414395| -1.192844279 28.90417867 8.02008E+28 1.24687E-29
Ao 102 0.0611521 -1.21358861 29.04938899 1.12044E+29 8.92506E-30
Ac 103 0.0602898 | -1.219756185 29.09256201 1.23755E+29 8.0805E-30
Ac 104 0.0310627| -1.507760832 31.10859455 1.28409E+31 7.78763E-32
Ao 105 0.04801961| -1.318581395 29.78433849 6.08609E+29 1.64309E-30
Ao 106 0.03953988 | -1.402964675 30.37502145 2.37149E+30 4.21676E-31
Ao 107 0.04561926 | -1.340851754 29.940231 8.71427E+29 1.14754E-30
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Ao 108 0.05260921 | -1.278938195 29.50683608 3.21245E+29 3.11289E-30
Ao 109 0.04429241| -1.353670688 30.02996354 1.07143E+30 9.33333E-31
Ao 110 0.03013791| -1.520886855 31.2004767 1.58663E+31 6.30265E-32
Ac 111 0.03126661 -1.50491918 31.08870298 1.2266E+31 8.15262E-32
Ac 112 0.04091182| -1.388151248 30.27132745 1.86779E+30 5.35393E-31
Ac 113 0.0358912 | -1.445012047 30.66935305 4.67039E+30 2.14115E-31
Ac 114 0.02386504 | -1.622237833 31.90993356 8.12706E+31 1.23046E-32
Ac 115 0.02354572| -1.628088031 31.95088494 8.93069E+31 1.11973E-32
Ac 116 0.01786758 | -1.747934234 32.78980836 6.16323E+32 1.62253E-33
DANO TOTAL 8.59824E-25
1.1.3.2 Armadura pasiva
Ao (N/mm2) Log(Ao) Log(N*) N Dafio (1/N)
Acl 0.00071415| -3.146213585 48.45041202 2.82106E+48 3.54477E-49
Ac 2 0.00069504 | -3.157992436 48.53286398 3.41086E+48 2.93181E-49
Ac 3 0.00019961 | -3.699814928 52.32562142 2.11652E+52 4.72475E-53
Ac 4 0.00015009 | -3.823648745 53.19245814 1.55761E+53 6.4201E-54
Ac 5 0.00035876 | -3.445201772 50.54332933 3.49405E+50 2.86201E-51
Ao 6 7.0521E-05 -4.15168411 55.4887057 3.0811E+55 3.24559E-56
Ao 7 0.00138519| -2.858491582 46.436358 2.73123E+46 3.66136E-47
Ac 8 0.00980862 | -2.008391921 40.48566037 3.05957E+40 3.26843E-41
Ac 9 0.00872648 | -2.059161085 40.84104452 6.93497E+40 1.44197E-41
Ac 10 0.00022827 | -3.641546964 51.91774568 8.27457E+51 1.20852E-52
Ac 11 0.07594241| -1.119515643 34.26352643 1.83454E+34 5.45097E-35
Ac 12 0.00323357| -2.490317388 43.85913864 7.23001E+43 1.38312E-44
Ac 13 0.0044412| -2.352499492 42.89441337 7.84176E+42 1.27522E-43
Ac 14 0.02650992 | -1.576591646 37.46305845 2.90441E+37 3.44304E-38
Ac 15 0.00518936| -2.284885869 42.42111801 2.63705E+42 3.79212E-43
Ao 16 0.00992415| -2.003306647 40.45006346 2.81879E+40 3.54762E-41
Ac 17 0.01579566 | -1.801462153 39.037152 1.08931E+39 9.18011E-40
Ao 18 0.00188752 | -2.724108398 45.49567571 3.13095E+45 3.19392E-46
Ao 19 0.00307239| -2.512523326 44.01458021 1.03414E+44 9.66985E-45
Ao 20 0.04040941| -1.393517522 36.18153958 1.51894E+36 6.58355E-37
Ac 21 0.00471542 | -2.326480072 42.71227743 5.15558E+42 1.93965E-43
Ao 22 0.00383222 | -2.416550119 43.34276776 2.20175E+43 4.54184E-44
Ac 23 0.00510304 | -2.292171236 42.47211558 2.96562E+42 3.37198E-43
Ac 24 0.45144984 | -0.345390499 28.84465042 6.99279E+28 1.43004E-29
Ac 25 0.00899562 -2.04596867 40.74869762 5.60657E+40 1.78362E-41
Ac 26 0.00018243| -3.738897317 52.59919814 3.97373E+52 2.51653E-53
Ao 27 0.02260473 | -1.645800716 37.94752194 8.8618E+37 1.12844E-38
Ao 28 0.00505545| -2.296239786 42.50059543 3.16662E+42 3.15795E-43
Ao 29 0.00762832 | -2.117571105 41.24991466 1.77793E+41 5.62452E-42
Ao 30 0.00023697 | -3.625298506 51.80400647 6.36805E+51 1.57034E-52
Ao 31 0.02030269 | -1.692446404 38.27404176 1.8795E+38 5.32057E-39
Ao 32 0.00587546 | -2.230958026 42.04362311 1.10566E+42 9.04434E-43
Ao 33 0.01256529| -1.900827579 39.73270998 5.40393E+39 1.8505E-40
Ac 34 0.07683614 | -1.114434466 34.22795819 1.69028E+34 5.91619E-35




Ao 35 0.11244813 | -0.949047761 33.07025126 1.17558E+33 8.50646E-34
Ao 36 0.08000708 | -1.096871565 34.10501788 1.27356E+34 7.85203E-35
Ao 37 0.01916108 | -1.717580115 38.44997773 2.81824E+38 3.54832E-39
Ao 38 0.00054166 | -3.266276563 49.29085287 1.95368E+49 5.11855E-50
Ao 39 0.01943755 -1.71135857 38.40642692 2.54934E+38 3.92259E-39
Ao 40 0.11429879| -0.941958375 33.02062556 1.04864E+33 9.53618E-34
Ac 41 0.00143501 | -2.843144513 46.32892852 2.13269E+46 4.68891E-47
Ao 42 0.01489554 | -1.826943869 39.21552401 1.64257E+39 6.08802E-40
Ao 43 0.23600585| -0.627077236 30.81645758 6.55326E+30 1.52596E-31
Ac 44 0.00184502 | -2.734000043 45.56491723 3.67212E+45 2.72322E-46
Ao 45 0.00045514 | -3.341853685 49.81989272 6.6053E+49 1.51394E-50
Ao 46 0.03224733 | -1.491506231 36.86746055 7.36988E+36 1.35687E-37
Ao 47 0.04014836| -1.396332201 36.20124233 1.58943E+36 6.29155E-37
Ao 48 0.15803374| -0.801250193 32.03566827 1.0856E+32 9.21153E-33
Ao 49 0.01778625| -1.749915662 38.67632656 4.74599E+38 2.10704E-39
Ao 50 0.04166612 | -1.380216899 36.08843522 1.22584E+36 8.15764E-37
Ao 51 0.20064588 -0.69756976 31.30990525 2.04129E+31 4.89886E-32
Ao 52 0.05015018 | -1.299727463 35.52500917 3.34973E+35 2.98532E-36
Ao 53 0.07359373| -1.133159203 34.35903135 2.28576E+34 4.37491E-35
Ao 54 0.258872| -0.586914921 30.53532137 3.43022E+30 2.91527E-31
Ao 55 0.07573214| -1.120719776 34.27195536 1.87049E+34 5.34619E-35
Ao 56 0.02887139| -1.539532379 37.20364358 1.59825E+37 6.25686E-38
Ao 57 0.22360042 | -0.650527377 30.98060856 9.56332E+30 1.04566E-31
Ao 58 0.12677568 | -0.896964052 32.70566529 5.07768E+32 1.9694E-33
Ao 59 0.09613639| -1.017112189 33.54670225 3.52129E+33 2.83987E-34
Ao 60 0.22691619| -0.644134525 30.9358586 8.62698E+30 1.15915E-31
Ao 61 0.08599915| -1.065505839 33.8854578 7.68171E+33 1.30179E-34
Ao 62 0.06570586 | -1.182395872 34.70368803 5.05461E+34 1.97839E-35
Ao 63 0.23199045| -0.634529897 30.86862621 7.38969E+30 1.35324E-31
Ao 64 0.10191593| -0.991757914 33.36922233 2.34003E+33 4.27344E-34
Ao 65 0.0914458 | -1.038836232 33.69877055 4.9977E+33 2.00092E-34
Ao 66 0.26876286| -0.570630744 30.42133213 2.63835E+30 3.79025E-31
Ao 67 0.10517339| -0.978094122 33.27357578 1.87748E+33 5.32628E-34
Ao 68 0.03640567 | -1.438831001 36.49873393 3.15307E+36 3.17151E-37
Ao 69 0.22082444 | -0.655952866 31.01858699 1.04373E+31 9.58105E-32
Ac 70 0.12327184| -0.909136109 32.79086969 6.17831E+32 1.61857E-33
Ac 71 0.07345831 -1.13395905 34.36463028 2.31542E+34 4.31887E-35
Ac 72 0.21808607 -0.66137208 31.05652149 1.13899E+31 8.77968E-32
Ac 73 0.08858894 | -1.052620483 33.7952603 6.24109E+33 1.60228E-34
Ao 74 0.04589029 | -1.338279225 35.7948715 6.2355E+35 1.60372E-36
Ao 75 0.20868796 | -0.680502603 31.19043515 1.55037E+31 6.45008E-32
Ao 76 0.08763352| -1.057329735 33.82822507 6.73326E+33 1.48517E-34
Ao 77 0.06391163 | -1.194420115 34.78785773 6.13561E+34 1.62983E-35
Ao 78 0.23745591| -0.624417025 30.7978361 6.27821E+30 1.59281E-31
Ac 79 0.08359931| -1.077797286 33.97149793 9.36479E+33 1.06783E-34
Ao 80 0.01672551| -1.776620759 38.86326224 7.29898E+38 1.37005E-39
Ao 81 0.19830811| -0.702659535 31.34553367 2.21582E+31 4.51301E-32
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Ao 82 0.09620974 | -1.016780962 33.54438366 3.50254E+33 2.85507E-34
Ao 83 0.05372361| -1.269834822 35.31576068 2.069E+35 4.83325E-36
Ao 84 0.20720029 | -0.683609643 31.21218443 1.62999E+31 6.13501E-32
Ao 85 0.07329281| -1.134938645 34.37148744 2.35227E+34 4.25121E-35
Ao 86 0.02625714 | -1.580752524 37.49218459 3.10588E+37 3.2197E-38
Ao 87 0.1907268 | -0.719588268 31.4640348 2.91095E+31 3.4353E-32
Ao 88 0.07731009 | -1.111763833 34.20926376 1.61906E+34 6.17641E-35
Ao 89 0.05730079| -1.241839358 35.11979243 1.31763E+35 7.5894E-36
Ao 90 0.27053641 -0.56777428 30.40133689 2.51963E+30 3.96884E-31
Ac 91 0.04214195| -1.375285337 36.05391428 1.13218E+36 8.83254E-37
Ac 92 0.00897494 | -2.046968616 40.75569724 5.69767E+40 1.7551E-41
Ac 93 0.27495993 -0.56073059 30.35203106 2.24922E+30 4.44599E-31
Ac 94 0.04154011 -1.38153232 36.09764316 1.25211E+36 7.98651E-37
Ao 95 0.08196099 | -1.086392787 34.03166644 1.07564E+34 9.2968E-35
Ao 96 0.14374173| -0.842417124 32.3238368 2.10784E+32 4.7442E-33
Ac 97 0.11375149| -0.944042907 33.03521728 1.08447E+33 9.2211E-34
Ac 98 0.00764901 | -2.116394878 41.24168108 1.74454E+41 5.73217E-42
Ac 99 0.17982543 | -0.745148881 31.64295909 4.395E+31 2.27531E-32
Ao 100 0.06933103 | -1.159072366 34.54042349 3.47075E+34 2.88122E-35
Ao 101 0.09418513 | -1.026017652 33.60904049 4.06481E+33 2.46014E-34
Ao 102 0.08979208 | -1.046761984 33.75425081 5.67872E+33 1.76096E-34
Ao 103 0.08852592 | -1.052929558 33.79742383 6.27226E+33 1.59432E-34
Ao 104 0.0456106 | -1.340934206 35.81345637 6.50813E+35 1.53654E-36
Ao 105 0.07050911| -1.151754769 34.48920031 3.08461E+34 3.2419E-35
Ao 106 0.05805798 | -1.236138049 35.07988327 1.20194E+35 8.31987E-36
Ao 107 0.06698459 | -1.174025128 34.64509282 4.41665E+34 2.26416E-35
Ao 108 0.07724821| -1.112111568 34.21169791 1.62816E+34 6.14189E-35
Ao 109 0.06503632 | -1.186844062 34.73482536 5.43032E+34 1.84151E-35
Ao 110 0.0442527 | -1.354060228 35.90533853 8.04153E+35 1.24354E-36
Ao 111 0.04591002 | -1.338092554 35.7935648 6.21677E+35 1.60855E-36
Ao 112 0.06007245| -1.221324621 34.97618927 9.4665E+34 1.05636E-35
Ao 113 0.05270048 | -1.278185421 35.37421487 2.36709E+35 4.2246E-36
Ac 114 0.03504199| -1.455411207 36.61479538 4.11903E+36 2.42775E-37
Ao 115 0.03457312| -1.461261405 36.65574676 4.52634E+36 2.20929E-37
Ao 116 0.02623568 | -1.581107608 37.49467018 3.12371E+37 3.20133E-38
DANO TOTAL 1.69648E-29
1.1.4 Trentipo 4
1.1.41  Armadura activa
Ac (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)
Ac 1 0.0004018 | -3.395992234 44.32621436 2.11941E+44 4.7183E-45
Ac 2 0.00040571| -3.391785196 44.2967651 1.98046E+44 5.04934E-45
Ac 3 0.00011757 | -3.929692643 48.06211722 1.15376E+48 8.66728E-49
Ac 4 5.5569E-05| -4.255169089 50.34045234 2.19004E+50 4.56612E-51
Ao 5 0.00020803 | -3.681878632 46.32741915 2.12529E+46 4.70523E-47
Ac 6 6.9228E-05| -4.159716049 49.67228107 4.70198E+49 2.12676E-50




Ac 7 0.00080706 | -3.093091712 42.2059107 1.60661E+42 6.22428E-43
Ac 8 0.00569155| -2.244769515 36.26765533 1.85206E+36 5.39939E-37
Ac 9 0.00503575| -2.297936182 36.639822 4.36337E+36 2.29181E-37
Ac 10 0.00011654| -3.933535425 48.08901669 1.22749E+48 8.14673E-49
Ac 11 0.04409755| -1.355585498 30.0433672 1.10501E+30 9.04967E-31
Ac 12 0.00208384 | -2.681134818 39.32221245 2.09997E+39 4.76198E-40
Ac 13 0.00175325| -2.756155681 39.84735849 7.03653E+39 1.42116E-40
Ao 14 0.03118311| -1.506080547 31.09683255 1.24978E+31 8.00143E-32
Ao 15 0.00325469 | -2.487491012 37.96670581 9.26202E+37 1.07968E-38
Ao 16 0.00715552 | -2.145358984 35.57178161 3.73063E+35 2.68052E-36
Ao 17 0.00518631 | -2.285141465 36.55025898 3.55025E+36 2.8167E-37
Ao 18 0.00294145| -2.531438683 38.2743395 1.88079E+38 5.31692E-39
Ao 19 0.00666442 | -2.176237678 35.78793247 6.13667E+35 1.62955E-36
Ao 20 0.00277692 | -2.556436399 38.44932352 2.814E+38 3.55366E-39
Ao 21 0.00045612 | -3.340923704 43.94073465 8.72438E+43 1.14621E-44
Ao 22 0.23398202 | -0.630817512 24.96999131 9.33236E+24 1.07154E-25
Ao 23 0.00922353 | -2.035102866 34.79998879 6.30941E+34 1.58493E-35
Ao 24 0.00208397| -2.681108124 39.32202559 2.09906E+39 4.76403E-40
Ao 25 0.01584562 -1.80009087 33.15490481 1.42858E+33 6.99995E-34
Ao 26 0.00694102 | -2.158576526 35.66430441 4.61641E+35 2.16619E-36
Ao 27 0.00257967| -2.588436211 38.6733222 4.71327E+38 2.12167E-39
Ao 28 0.14374539| -0.842406063 26.45111116 2.8256E+26 3.53907E-27
Ao 29 0.17166703 | -0.765313102 25.91146043 8.15568E+25 1.22614E-26
Ao 30 0.15843182 | -0.800157577 26.15537176 1.43012E+26 6.99243E-27
Ao 31 0.1932535| -0.713872637 25.55137718 3.5594E+25 2.80946E-26
Ao 32 0.02961366 | -1.528507848 31.25382365 1.79401E+31 5.57412E-32
Ao 33 0.00021647 | -3.664608973 46.20653153 1.60891E+46 6.21539E-47
Ao 34 0.07897447| -1.102513288 28.27186173 1.87009E+28 5.34735E-29
Ao 35 0.00545137| -2.263494058 36.39872713 2.50454E+36 3.99276E-37
Ao 36 0.00175351| -2.756092229 39.84691433 7.02934E+39 1.42261E-40
Ao 37 0.11905398 | -0.924256095 27.02406139 1.05697E+27 9.46103E-28
Ao 38 0.12352036| -0.908261443 26.91209882 8.16768E+26 1.22434E-27
Ao 39 0.00358771| -2.445182569 37.6705467 4.68324E+37 2.13527E-38
Ao 40 0.00843067 | -2.074137799 35.07323332 1.18368E+35 8.44825E-36
Ac 41 0.14406804 | -0.841432339 26.4442951 2.7816E+26 3.59505E-27
Ac 42 0.09751362 | -1.010934713 27.63081171 4.27378E+27 2.33985E-28
Ac 43 0.00172789| -2.762483728 39.89165481 7.79211E+39 1.28335E-40
Ac 44 0.04184339 -1.37837313 30.20288063 1.59544E+30 6.26786E-31
Ac 45 0.0009376| -3.027984596 41.75016089 5.6255E+41 1.77762E-42
Ao 46 0.01847652 | -1.733379855 32.68792771 4.87447E+32 2.0515E-33
Ao 47 0.16587264 | -0.780225238 26.01584539 1.03716E+26 9.64172E-27
Ao 48 0.09866935| -1.005817738 27.59499289 3.93544E+27 2.54101E-28
Ac 49 0.00034712| -3.459526386 44.77095343 5.90138E+44 1.69452E-45
Ao 50 0.01087713 | -1.963485692 34.29866856 1.98915E+34 5.02726E-35
Ao 51 0.00341607 | -2.466472662 37.81957735 6.60051E+37 1.51503E-38
Ao 52 0.06518977| -1.185820559 28.85501263 7.16164E+28 1.39633E-29
Ao 53 0.17898015 -0.74719514 25.7846347 6.09024E+25 1.64197E-26
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Ao 54 0.11192031| -0.951091092 27.21190637 1.62894E+27 6.13894E-28
Ao 55 0.00170227 | -2.768970696 39.9370636 8.65095E+39 1.15594E-40
Ao 56 0.00760067 | -2.119148135 35.38830567 2.44515E+35 4.08973E-36
Ao 57 0.00482247 | -2.316730697 36.7713836 5.90723E+36 1.69284E-37
Ao 58 0.07023639 -1.15343783 28.62833353 4.24946E+28 2.35324E-29
Ao 59 0.18956934 | -0.722231908 25.60989208 4.07279E+25 2.45532E-26
Ao 60 0.12375835| -0.907425498 26.90624721 8.05837E+26 1.24095E-27
Ac 61 0.00405395 | -2.392121963 37.29912246 1.99123E+37 5.02201E-38
Ao 62 0.00404754 | -2.392808595 37.30392888 2.01339E+37 4.96674E-38
Ao 63 0.0059586 | -2.224855971 36.12826052 1.34357E+36 7.44285E-37
Ao 64 0.07452986 | -1.127669711 28.4479567 2.80515E+28 3.56487E-29
Ao 65 0.19586083 | -0.708052405 25.51063555 3.24068E+25 3.08578E-26
Ao 66 0.13193016| -0.879655923 26.71186018 5.15063E+26 1.94151E-27
Ao 67 0.0062263 | -2.205770056 35.99465911 9.87777E+35 1.01237E-36
Ao 68 0.00248745 | -2.604246452 38.78399388 6.08126E+38 1.64439E-39
Ao 69 0.00766599 | -2.115431523 35.36228938 2.30298E+35 4.34221E-36
Ac 70 0.07535858 | -1.122867301 28.41433983 2.59621E+28 3.85177E-29
Ac 71 0.20144785| -0.695837364 25.42513027 2.66152E+25 3.75725E-26
Ac 72 0.09641925| -1.015836259 27.66512253 4.62511E+27 2.16211E-28
Ac 73 0.00761604 | -2.118270772 35.38216413 2.41082E+35 4.14797E-36
Ac 74 0.00199431| -2.700207065 39.45571817 2.85574E+39 3.50172E-40
Ac 75 0.0017945| -2.746057542 39.77667152 5.97959E+39 1.67236E-40
Ac 76 0.10058015| -0.997487732 27.53668285 3.44099E+27 2.90614E-28
Ao 77 0.1613271| -0.792292678 26.10031747 1.25985E+26 7.93748E-27
Ac 78 0.15873078 | -0.799338852 26.14964069 1.41137E+26 7.08532E-27
Ac 79 0.00078901 | -3.102914965 42.27467348 1.88223E+42 5.31284E-43
Ao 80 0.15284468 | -0.815749676 26.26451645 1.83872E+26 5.43856E-27
Ao 81 0.16844181| -0.773550109 25.96911949 9.31364E+25 1.07369E-26
Ao 82 0.0709985| -1.148750799 28.59552431 3.94025E+28 2.53791E-29
Ao 83 0.09475092 | -1.023416574 27.71818474 5.22618E+27 1.91344E-28
Ac 84 0.07362941| -1.132948697 28.4849096 3.05429E+28 3.27409E-29
Ao 85 0.13884736| -0.857462389 26.55650544 3.60168E+26 2.77648E-27
Ao 86 0.03765239| -1.424207439 30.52372079 3.3398E+30 2.99419E-31
Ao 87 0.11326612 | -0.945899981 27.17556859 1.4982E+27 6.67469E-28
Ao 88 0.02601135| -1.584837077 31.64812826 4.44763E+31 2.24839E-32
Ao 89 2.4336E-05| -4.613742076 52.85046326 7.08701E+52 1.41103E-53
Ac 90 0.01637654 | -1.785777961 33.05471445 1.13426E+33 8.81628E-34
Ac 91 0.13327716| -0.875244285 26.68097872 4.7971E+26 2.08459€E-27
Ac 92 0.12234777| -0.912403955 26.94109641 8.73165E+26 1.14526E-27
Ac 93 0.12384493 | -0.907121753 26.90412099 8.01901E+26 1.24704E-27
Ac 94 0.04229541| -1.373706771 30.17021612 1.47984E+30 6.75747E-31
Ac 95 0.0838825| -1.076328645 28.08856923 1.22622E+28 8.15513E-29
Ao 96 0.09416364 | -1.026116762 27.73708605 5.45866E+27 1.83195E-28
Ac 97 0.04265902 | -1.369989108 30.14419248 1.39377E+30 7.17476E-31
Ao 98 0.02089195 | -1.680020947 32.31441535 2.0626E+32 4.84825E-33
Ao 99 0.05937155| -1.226421578 29.13921977 1.37791E+29 7.25739E-30
Ac 100 0.07674819 | -1.114931845 28.35879164 2.2845E+28 4.37732E-29
Ao 101 0.03933262 | -1.405247115 30.39099853 2.46036E+30 4.06445E-31




Ao 102 0.01490281| -1.826731903 33.34139204 2.19479E+33 4.55625E-34
Ac 103 0.04542027| -1.342750332 29.95352105 8.98506E+29 1.11296E-30
Ac 104 0.06596879| -1.180661464 28.81889897 6.59021E+28 1.5174E-29
Ac 105 0.03588148 -1.4451297 30.67017662 4.67925E+30 2.13709E-31
Ac 106 0.00843362 | -2.073986067 35.07217119 1.18079E+35 8.46894E-36
Ac 107 0.02934262| -1.532501109 31.28177649 1.91327E+31 5.22665E-32
Ac 108 0.05345177| -1.272037926 29.4585342 2.87431E+29 3.47909E-30
Ac 109 0.03280055| -1.484118829 30.94310052 8.77204E+30 1.13999E-31
Ac 110 0.00439472| -2.357068757 37.05375002 1.13175E+37 8.83588E-38
Ac 111 0.01903316| -1.720489172 32.59769293 3.95998E+32 2.52527E-33
Ac 112 0.04335635| -1.362947268 30.0948996 1.24423E+30 8.03712E-31
Ac 113 0.03043665| -1.516603182 31.17049099 1.48078E+31 6.75319E-32
Ac 114 0.00428071| -2.368484034 37.13365696 1.36037E+37 7.35094E-38
Ac 115 0.01246095| -1.904448901 33.88541103 7.68088E+33 1.30193E-34
DANO TOTAL 3.27517E-25
1.1.4.2 Armadura pasiva
Ao (N/mm2) Log(Ao) Log(N*) N Dafio (1/N)
Acl 0.00058998 | -3.229165608 49.03107618 1.07418E+49 9.30945E-50
Ac 2 0.00059572 | -3.22495857 49.00162692 1.00375E+49 9.96261E-50
Ac 3 0.00017264 | -3.762866016 52.76697904 5.84762E+52 1.7101E-53
Ac 4 8.1594E-05| -4.088342463 55.04531417 1.10998E+55 9.00919E-56
Ac S5 0.00030546 | -3.515052006 51.03228097 1.07716E+51 9.28366E-52
Ac 6 0.00010165| -3.992889423 54.37714289 2.3831E+54 4.19621E-55
Ac 7 0.00118505 | -2.926265085 46.91077252 8.14278E+46 1.22808E-47
Ac 8 0.00835713 | -2.077942889 40.97251715 9.38679E+40 1.06533E-41
Ac 9 0.00739419 | -2.131109556 41.34468382 2.21148E+41 4.52185E-42
Ac 10 0.00017112 | -3.766708798 52.79387851 6.22126E+52 1.60739E-53
Ac 11 0.0647502 | -1.188758871 34.74822903 5.60053E+34 1.78555E-35
Ac 12 0.00305979 | -2.514308192 44.02707427 1.06433E+44 9.39563E-45
Ac 13 0.00257437 | -2.589329054 44.55222031 3.56632E+44 2.80401E-45
Ac 14 0.04578741 -1.33925392 35.80169437 6.33424E+35 1.57872E-36
Ac 15 0.00477898 | -2.320664386 42.67156763 4.69427E+42 2.13026E-43
Ac 16 0.01050673 | -1.978532357 40.27664343 1.89079E+40 5.28879E-41
Ac 17 0.00761527 | -2.118314839 41.2551208 1.79937E+41 5.5575E-42
Ac 18 0.00431905 | -2.364612057 42.97920132 9.53238E+42 1.04906E-43
Ac 19 0.00978563 | -2.009411051 40.49279429 3.11024E+40 3.21518E-41
Ac 20 0.00407746 | -2.389609773 43.15418534 1.42622E+43 7.01156E-44
Ac 21 0.00066973 | -3.174097077 48.64559647 4.42177E+48 2.26154E-49
Ac 22 0.34356516 | -0.463990886 29.67485313 4.72991E+29 2.1142E-30
Ao 23 0.01354328 | -1.86827624 39.50485061 3.19779E+39 3.12715E-40
Ac 24 0.00305998 | -2.514281498 44.02688741 1.06387E+44 9.39967E-45
Ao 25 0.02326675 | -1.633264244 37.85976663 7.24047E+37 1.38113E-38
Ao 26 0.01019178 -1.9917499 40.36916623 2.33973E+40 4.27399E-41
Ac 27 0.00378783 | -2.421609585 43.37818402 2.38882E+43 4.18616E-44
Ao 28 0.21106711| -0.675579437 31.15597298 1.4321E+31 6.98276E-32
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Ao 29 0.25206557 | -0.598486475 30.61632225 4.13354E+30 2.41923E-31
Ao 30 0.23263178| -0.63333095 30.86023358 7.24826E+30 1.37964E-31
Ao 31 0.28376184 | -0.547046011 30.256239 1.80401E+30 5.54321E-31
Ao 32 0.04348293 | -1.361681221 35.95868547 9.09255E+35 1.0998E-36
Ao 33 0.00031785 | -3.497782346 50.91139335 8.15443E+50 1.22633E-51
Ao 34 0.11596137 | -0.935686661 32.97672355 9.47815E+32 1.05506E-33
Ao 35 0.00800447 | -2.096667432 41.10358895 1.26937E+41 7.87791E-42
Ao 36 0.00257475 | -2.589265603 44.55177615 3.56267E+44 2.80688E-45
Ao 37 0.17481171| -0.757429469 31.72892321 5.35702E+31 1.86671E-32
Ao 38 0.18136989 | -0.741434816 31.61696064 4.13962E+31 2.41568E-32
Ao 39 0.00526798 | -2.278355942 42.37540852 2.37361E+42 4.213E-43
Ac 40 0.01237909 | -1.907311173 39.77809514 5.99922E+39 1.66688E-40
Ac 41 0.21154087 | -0.674605713 31.14915692 1.4098E+31 7.09321E-32
Ac 42 0.14318315| -0.844108087 32.33567354 2.16608E+32 4.61664E-33
Ac 43 0.00253713 | -2.595657101 44.59651664 3.94927E+44 2.53211E-45
Ao 44 0.06144032 | -1.211546504 34.90774245 8.08616E+34 1.23668E-35
Ao 45 0.00137671| -2.86115797 46.45502272 2.85117E+46 3.50734E-47
Ao 46 0.02712981 | -1.566553229 37.39278953 2.47053E+37 4.04772E-38
Ao 47 0.24355743 | -0.613398612 30.72070721 5.25663E+30 1.90236E-31
Ao 48 0.14488015 | -0.838991112 32.29985471 1.99459E+32 5.01355E-33
Ao 49 0.00050968 | -3.29269976 49.47581525 2.99099E+49 3.34337E-50
Ao 50 0.01597132 | -1.796659065 39.00353038 1.00816E+39 9.91904E-40
Ao 51 0.00501596 | -2.299646035 42.52443917 3.34533E+42 2.98924E-43
Ao 52 0.09572074 | -1.018993932 33.55987445 3.62973E+33 2.75503E-34
Ao 53 0.26280371| -0.580368514 30.48949652 3.08671E+30 3.23969E-31
Ao 54 0.16433707 | -0.784264466 31.91676819 8.25597E+31 1.21124E-32
Ao 55 0.00249952 | -2.60214407 44.64192542 4.38455E+44 2.28073E-45
Ao 56 0.01116037 | -1.952321509 40.09316749 1.23927E+40 8.06924E-41
Ao 57 0.00708102 | -2.14990407 41.47624542 2.99396E+41 3.34006E-42
Ao 58 0.1031309 | -0.986611203 33.33319535 2.15375E+33 4.64306E-34
Ao 59 0.27835224 | -0.555405281 30.3147539 2.06421E+30 4.84447E-31
Ao 60 0.18171933 | -0.740598871 31.61110903 4.08422E+31 2.44845E-32
Ao 61 0.00595257 | -2.225295336 42.00398428 1.00922E+42 9.90868E-43
Ao 62 0.00594317 | -2.225981968 42.0087907 1.02045E+42 9.79962E-43
Ao 63 0.00874925 | -2.058029345 40.83312234 6.80961E+40 1.46851E-41
Ao 64 0.10943517| -0.960843084 33.15281852 1.42173E+33 7.03366E-34
Ao 65 0.28759029 | -0.541225778 30.21549737 1.64247E+30 6.08839E-31
Ao 66 0.19371832 | -0.712829296 31.416722 2.61049E+31 3.8307E-32
Ao 67 0.00914232 | -2.03894343 40.69952094 5.00635E+40 1.99746E-41
Ao 68 0.00365242 | -2.437419825 43.4888557 3.08216E+43 3.24447E-44
Ao 69 0.01125629 | -1.948604896 40.0671512 1.16722E+40 8.5674E-41
Ao 70 0.11065201 | -0.956040675 33.11920165 1.31584E+33 7.59973E-34
Ac 71 0.29579393 | -0.529010738 30.12999209 1.34894E+30 7.41324E-31
Ac 72 0.14157624 | -0.849009633 32.36998436 2.34414E+32 4.26595E-33
Ac 73 0.01118294 | -1.951444146 40.08702595 1.22187E+40 8.18416E-41
Ac 74 0.00292833 | -2.533380438 44.16057999 1.44737E+44 6.90908E-45
Ac 75 0.00263493 | -2.579230916 44.48153334 3.03063E+44 3.29964E-45
Ac 76 0.14768585 | -0.830661106 32.24154467 1.74399E+32 5.73397E-33




Ao 77 0.23688303 | -0.625466052 30.80517929 6.38527E+30 1.5661E-31
Ac 78 0.23307075| -0.632512226 30.85450251 7.15324E+30 1.39797E-31
Ao 79 0.00115854 | -2.936088339 46.9795353 9.53971E+46 1.04825E-47
Ao 80 0.22442795 -0.64892305 30.96937827 9.31919E+30 1.07305E-31
Ao 81 0.24732984 | -0.606723483 30.67398131 4.72043E+30 2.11845E-31
Ao 82 0.10424994 | -0.981924172 33.30038613 1.99704E+33 5.00742E-34
Ao 83 0.13912656 | -0.856589948 32.42304656 2.64878E+32 3.77532E-33
Ao 84 0.108113 -0.96612207 33.18977142 1.548E+33 6.45994E-34
Ao 85 0.20387512 | -0.690635762 31.26136726 1.82544E+31 5.47814E-32
Ao 86 0.05528651 | -1.257380812 35.22858261 1.69271E+35 5.90769E-36
Ao 87 0.16631317| -0.779073355 31.88043041 7.5933E+31 1.31695E-32
Ao 88 0.03819351 -1.41801045 36.35299008 2.25419E+36 4.43619E-37
Ao 89 3.5734E-05 -4.44691545 57.55532508 3.59191E+57 2.78404E-58
Ac 90 0.02404632 | -1.618951334 37.75957627 5.74879E+37 1.7395E-38
Ac 91 0.19569618 | -0.708417659 31.38584054 2.43131E+31 4.11301E-32
Ac 92 0.17964812 | -0.745577329 31.64595823 4.42546E+31 2.25965E-32
Ac 93 0.18184647 | -0.740295126 31.60898281 4.06427E+31 2.46046E-32
Ac 94 0.06210404 | -1.206880145 34.87507794 7.50029E+34 1.33328E-35
Ao 95 0.12316803 | -0.909502018 32.79343105 6.21486E+32 1.60905E-33
Ao 96 0.13826424 | -0.859290136 32.44194788 2.76661E+32 3.61453E-33
Ac 97 0.06263795 | -1.203162482 34.8490543 7.06406E+34 1.41562E-35
Ac 98 0.03067649| -1.513194321 37.01927717 1.04539E+37 9.56583E-38
Ao 99 0.08717763 | -1.059594951 33.84408159 6.98364E+33 1.43192E-34
Ac 100 0.11269244| -0.948105219 33.06365346 1.15785E+33 8.63667E-34
Ac 101 0.05775366 | -1.238420489 35.09586035 1.24698E+35 8.01936E-36
Ao 102 0.02188239 | -1.659905276 38.04625386 1.11238E+38 8.98972E-39
Ac 103 0.06669239 | -1.175923706 34.65838287 4.55389E+34 2.19592E-35
Ac 104 0.09686462 | -1.013834837 33.52376079 3.34011E+33 2.99391E-34
Ao 105 0.05268621 | -1.278303073 35.37503844 2.37158E+35 4.21659E-36
Ao 106 0.01238342 -1.90715944 39.77703301 5.98457E+39 1.67096E-40
Ao 107 0.04308494 | -1.365674483 35.98663831 9.69702E+35 1.03124E-36
Ao 108 0.07848537 -1.1052113 34.16339603 1.45679E+34 6.86442E-35
Ao 109 0.04816236| -1.317292203 35.64796234 4.44593E+35 2.24925E-36
Ac 110 0.00645294 -2.19024213 41.75861184 5.73604E+41 1.74336E-42
Ao 111 0.02794715| -1.553662546 37.30255475 2.00703E+37 4.98248E-38
Ao 112 0.06366187| -1.196120642 34.79976142 6.30611E+34 1.58576E-35
Ao 113 0.04469135| -1.349776555 35.87535282 7.50504E+35 1.33244E-36
Ac 114 0.00628554 | -2.201657407 41.83851878 6.89475E+41 1.45038E-42
Ao 115 0.01829691 | -1.737622275 38.59027285 3.8929E+38 2.56878E-39
DANO TOTAL 6.46208E-30
11.5 Trentipo 5
1.1.51  Armadura activa
Ao (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)
Ac 1 0.00066735 | -3.175647951 42.78380438 6.07861E+42 1.64511E-43
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Ac 2 0.00468188 | -2.329579542 36.86132552 7.2665E+36 1.37618E-37
Ac 3 0.03838342 | -1.415856322 30.46526298 2.91919E+30 3.4256E-31
Ac 4 0.00101611 | -2.993058223 41.50567628 3.20388E+41 3.12122E-42
Ao 5 0.04609498 | -1.336346413 29.90869361 8.10389E+29 1.23398E-30
Ao 6 0.00434189 | -2.362321602 37.09051993 1.23174E+37 8.11858E-38
Ao 7 0.00994235 | -2.002510849 34.57184466 3.73117E+34 2.68013E-35
Ac 8 1.0375E-05 | -4.984010658 55.44234333 2.76913E+55 3.61124E-56
Ac 9 0.00049518 | -3.305233828 43.69090551 4.90801E+43 2.03749E-44
Ao 10 0.00102828 | -2.987888314 41.46948692 2.94772E+41 3.39245E-42
Ac 11 0.00453683 | -2.34324712 36.95699856 9.0573E+36 1.10408E-37
Ac 12 0.63946892 | -0.194180561 21.91353265 8.19469E+21 1.2203E-22
Ac 13 0.01251792 | -1.902467779 33.87154317 7.43949E+33 1.34418E-34
Ac 14 0.14180744 | -0.848300981 26.49237559 3.10725E+26 3.21828E-27
Ao 15 0.00075699 | -3.120908196 42.4006261 2.51551E+42 3.97534E-43
Ac 16 0.11717251| -0.931174269 27.0724886 1.18165E+27 8.46275E-28
Ao 17 0.00091838 | -3.036976522 41.81310437 6.50286E+41 1.53779E-42
Ao 18 0.00074675 | -3.126827123 42.44205858 2.76731E+42 3.61361E-43
Ao 19 0.00739061 | -2.131319864 35.47350777 2.97514E+35 3.36118E-36
Ao 20 0.00089789 | -3.046777659 41.88171234 7.61574E+41 1.31307E-42
Ao 21 0.00086843 | -3.061265983 41.98313061 9.61902E+41 1.03961E-42
Ao 22 0.05773384 | -1.238569577 29.22425576 1.67593E+29 5.96684E-30
Ao 23 0.04824645 | -1.316534645 29.77001124 5.88859E+29 1.6982E-30
Ac 24 0.00211471| -2.674748604 39.27750895 1.89456E+39 5.27826E-40
Ao 25 0.01159698 | -1.935655187 34.10385503 1.27015E+34 7.87309E-35
Ao 26 0.01545495 | -1.810932356 33.23079522 1.70136E+33 5.87766E-34
Ao 27 0.0026514 | -2.576525332 38.58994604 3.88997E+38 2.57072E-39
Ao 28 0.00493262 | -2.306922159 36.70272383 5.0434E+36 1.98279E-37
Ao 29 0.03157467 | -1.500661136 31.05889667 1.14524E+31 8.73179E-32
Ao 30 0.05882386 | -1.230446512 29.16739431 1.47026E+29 6.80152E-30
Ao 31 0.00066221 | -3.179005134 42.80730466 6.4166E+42 1.55846E-43
Ao 32 0.01482989 | -1.828862132 33.35630365 2.27145E+33 4.40247E-34
Ao 33 0.04843089 | -1.314877514 29.75841132 5.73339E+29 1.74417E-30
Ao 34 0.01071958 | -1.969822109 34.34302349 2.20305E+34 4.53917E-35
Ao 35 0.02060916 | -1.685939633 32.35584615 2.26906E+32 4.40711E-33
Ao 36 0.02812786 | -1.550863342 31.41031211 2.57224E+31 3.88766E-32
Ao 37 0.02184392 | -1.660669419 32.17895465 1.50992E+32 6.62286E-33
Ao 38 0.00147556 | -2.831043198 40.37157111 2.35272E+40 4.25039E-41
Ao 39 0.02666383 | -1.574077535 31.57281147 3.73948E+31 2.67417E-32
Ac 40 0.07368961 | -1.132593754 28.482425 3.03686E+28 3.29287E-29
Ac 41 0.04289242 | -1.367619435 30.12760477 1.34154E+30 7.4541E-31
Ao 42 0.00016395 | -3.785285708 47.05126867 1.1253E+47 8.88651E-48
Ao 43 0.00198406 | -2.70244426 39.47137854 2.96059E+39 3.3777E-40
Ac 44 0.00123091| -2.90977229 40.92267475 8.36902E+40 1.19488E-41
Ao 45 0.0078261 | -2.106454467 35.29944999 1.99274E+35 5.01822E-36
Ao 46 0.0240816 | -1.618314728 31.88247182 7.62907E+31 1.31078E-32
Ao 47 0.02606054 | -1.584016637 31.64238518 4.3892E+31 2.27832E-32
Ac 48 0.00055846 | -3.253009188 43.32533304 2.11511E+43 4.72789E-44
Ao 49 0.01757607 | -1.755078262 32.83981656 6.91539E+32 1.44605E-33




Ao 50 0.07459262 | -1.12730414 28.4453977 2.78867E+28 3.58593E-29
Ao 51 0.04163077 | -1.380585591 30.21836786 1.65336E+30 6.04828E-31
Ao 52 0.00132186| -2.87881598 40.70598058 5.08137E+40 1.96797E-41
Ao 53 0.00085178 | -3.069674032 42.04198695 1.10151E+42 9.07848E-43
Ao 54 0.00013961 | -3.855069179 47.53975298 3.4654E+47 2.88567E-48
Ao 55 0.00224152 | -2.649457629 39.10047212 1.26029E+39 7.93465E-40
Ao 56 0.01256019 | -1.901003788 33.86129524 7.266E+33 1.37627E-34
Ao 57 0.00031381 | -3.503329593 45.07757587 1.19557E+45 8.36419E-46
Ao 58 0.01054795 | -1.976832074 34.39209324 2.46657E+34 4.05421E-35
Ao 59 0.00462521 | -2.334868189 36.89834604 7.91309E+36 1.26373E-37
Ao 60 0.00482247 | -2.316730697 36.7713836 5.90723E+36 1.69284E-37
Ao 61 0.0003215| -3.492821956 45.00402241 1.0093E+45 9.90781E-46
Ao 62 0.09266054 | -1.033105166 27.78600488 6.10949E+27 1.6368E-28
Ao 63 0.03733858 | -1.42784222 30.54916426 3.54131E+30 2.82381E-31
Ao 64 0.00040091| -3.39695134 44.3329281 2.15243E+44 4.64592E-45
Ao 65 0.00129752 | -2.886886232 40.76247234 5.78725E+40 1.72794E-41
Ao 66 0.00114253 | -2.942130823 41.14918448 1.40989E+41 7.09276E-42
Ao 67 0.00107337| -2.969251659 41.33903033 2.18288E+41 4.5811E-42
Ao 68 0.00068783 | -3.162521392 42.69191846 4.91947E+42 2.03274E-43
Ao 69 0.00165872 | -2.780225909 40.01585008 1.03717E+40 9.64162E-41
Ao 70 0.00272697 | -2.564320016 38.50450883 3.19528E+38 3.12962E-39
Ac 71 0.07409692 | -1.130199821 28.46566747 2.92191E+28 3.42241E-29
Ac 72 0.00183164 | -2.73715964 39.7143862 5.18067E+39 1.93025E-40
Ac 73 0.00166769 | -2.777884693 39.99946157 9.98761E+39 1.00124E-40
Ac 74 0.00066349 | -3.178165918 42.80143014 6.33039E+42 1.57968E-43
Ac 75 0.54474157 | -0.263809485 22.40093512 2.5173E+22 3.97251E-23
Ao 76 0.0013052 | -2.884321493 40.74451917 5.55289E+40 1.80086E-41
Ao 77 0.00013705 -3.8631119 47.59605202 3.94505E+47 2.53482E-48
Ao 78 0.00018701 | -3.728142822 46.65126847 4.4799E+46 2.23219E-47
Ao 79 0.25049817| -0.60119544 24.7626368 5.78944E+24 1.72728E-25
Ao 80 0.00015025 | -3.823197665 47.31665238 2.07325E+47 4.82334E-48
Ao 81 0.02351799| -1.62859982 31.95446746 9.00466E+31 1.11054E-32
Ao 82 0.0130119 | -1.885659252 33.75388349 5.67392E+33 1.76245E-34
Ao 83 0.01553921| -1.808571151 33.21426678 1.63782E+33 6.10567E-34
Ao 84 0.01568754 | -1.804445038 33.18538399 1.53244E+33 6.52553E-34
Ao 85 0.0105274| -1.97767881 34.39802039 2.50046E+34 3.99926E-35
Ao 86 0.00874616 | -2.058182448 34.96154586 9.15263E+34 1.09258E-35
Ac 87 0.01239153 | -1.906875229 33.90239532 7.98721E+33 1.252E-34
Ao 88 0.01328186 | -1.876741212 33.6914572 4.91425E+33 2.0349E-34
Ao 89 0.00879756 | -2.055637569 349437317 8.7848E+34 1.13833E-35
Ao 90 0.00627158 | -2.202623223 35.97263128 9.38926E+35 1.06505E-36
Ac 91 0.00911556 | -2.040216408 34.83578358 6.85147E+34 1.45954E-35
Ac 92 0.01082388 | -1.965616869 34.3135868 2.05867E+34 4.8575E-35
Ac 93 0.00748393 | -2.125870197 35.4353601 2.72496E+35 3.66978E-36
Ac 94 0.00467617 | -2.330110015 36.86503882 7.3289E+36 1.36446E-37
Ao 95 0.00664582 | -2.177451345 35.79642814 6.25789E+35 1.59798E-36
Ao 96 0.00840959 | -2.075225226 35.0808453 1.20461E+35 8.30146E-36
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Ac 97 0.00581835 | -2.235199785 36.20066722 1.58733E+36 6.29989E-37
Ac 98 0.00321033 | -2.493450494 38.00842218 1.01958E+38 9.80794E-39
Ao 99 0.0048406 | -2.315100398 36.75997151 5.75402E+36 1.73791E-37
Ao 100 0.00704438 | -2.152157467 35.61937099 4.16266E+35 2.40231E-36
Ac 101 0.00531604 | -2.274412001 36.47515273 2.98643E+36 3.34848E-37
Ao 102 0.00257154 | -2.589805944 38.68291033 4.81848E+38 2.07534E-39
Ac 103 0.00343808 | -2.463684365 37.80005927 6.31043E+37 1.58468E-38
Ao 104 0.00547223 | -2.261835969 36.38712051 2.43849E+36 4.1009E-37
Ao 105 0.00437197 | -2.359322489 37.06952614 1.17362E+37 8.52067E-38
Ao 106 0.00189098 | -2.723312232 39.61745435 4.14433E+39 2.41294E-40
Ao 107 0.00230584 | -2.637170095 39.01445939 1.03385E+39 9.67254E-40
Ac 108 0.00430206| -2.36632317 37.11853091 1.31381E+37 7.61148E-38
Ao 109 0.00368321 | -2.433773999 37.59068671 3.89661E+37 2.56633E-38
Ao 110 0.00142532 | -2.846087146 40.47687875 2.99833E+40 3.3352E-41
Ao 111 0.00153935| -2.812662394 40.24290548 1.74947E+40 5.71603E-41
Ao 112 0.00344062 -2.4633638 37.79781532 6.27791E+37 1.59289E-38
Ac 113 0.00331883 | -2.479014855 37.90737271 8.07928E+37 1.23773E-38
Ao 114 0.00130065 | -2.885838288 40.75513674 5.69032E+40 1.75737E-41
Ao 115 0.00097021 | -3.013134655 41.64621131 4.42804E+41 2.25834E-42
Ao 116 0.00254752 | -2.593881638 38.71144019 5.14565E+38 1.94339E-39
Ao 117 0.00272122 | -2.565235671 38.51091842 3.24279E+38 3.08377E-39
Ao 118 0.00104612| -2.98042036 41.41721124 2.61343E+41 3.82639E-42
Ao 119 0.00054852 | -3.260807433 43.37992075 2.3984E+43 4.16945E-44
Ac 120 0.00194282 | -2.711566498 39.53523421 3.42953E+39 2.91585E-40
Ao 121 0.00236586 | -2.626011852 38.93635169 8.63678E+38 1.15784E-39
Ao 122 0.00098581 | -3.006208289 41.59772674 3.96029E+41 2.52507E-42
Ao 123 0.00032914 | -3.48262581 44.93264939 8.56346E+44 1.16775E-45
Ao 124 0.00143596 | -2.842857136 40.45426867 2.84622E+40 3.51343E-41
Ao 125 0.00201412| -2.69591469 39.42567155 2.66484E+39 3.75257E-40
Ao 126 0.00093971 | -3.027007347 41.74332015 5.53758E+41 1.80584E-42
Ao 127 0.00014997 | -3.823990708 47.32220368 2.09992E+47 4.76208E-48
Ao 128 0.00096314 | -3.016308446 41.66842785 4.66045E+41 2.14572E-42
Ao 129 0.00164099 | -2.784894001 40.04852673 1.11822E+40 8.94279E-41
Ao 130 0.00086082 | -3.065088147 42.00988575 1.02302E+42 9.77494E-43
Ao 131 5.8514E-05| -4.232740396 50.18345149 1.52564E+50 6.55463E-51
Ao 132 0.00068121 | -3.166717235 42.72128937 5.26368E+42 1.89981E-43
Ao 133 0.00140553 | -2.852161195 40.51939709 3.30672E+40 3.02415E-41
Ao 134 0.00085256 | -3.069272577 42.03917676 1.0944E+42 9.13741E-43
Ao 135 3.6884E-05| -4.433166529 51.58643442 3.85864E+51 2.59159E-52
Ao 136 0.00041872| -3.37807438 44.20078938 1.58778E+44 6.29812E-45
Ao 137 0.00115006 | -2.939280765 41.12923408 1.34659E+41 7.42619E-42
Ao 138 0.0008189 | -3.086769914 42.16165812 1.45097E+42 6.89195E-43
Ao 139 1.4638E-05 | -4.834525446 54.39594684 2.48855E+54 4.0184E-55
Ao 140 0.00021081 | -3.676110703 46.28704364 1.93662E+46 5.16364E-47
Ao 141 0.0009206 | -3.035927488 41.80576113 6.39383E+41 1.56401E-42
Ac 142 0.00074873 | -3.125675498 42.43399721 2.71642E+42 3.68131E-43
Ao 143 1.9559E-05| -4.70865664 53.5148652 3.27239E+53 3.05587E-54
Ac 144 9.7793E-05| -4.009692324 48.62211499 4.18904E+48 2.38718E-49




Ao 145 0.00075991 | -3.119235237 42.38891538 2.44859E+42 4.08399E-43
Ao 146 0.00070858 | -3.149612721 42.60155777 3.99538E+42 2.50289E-43
Ao 147 4.9133E-05| -4.308628401 50.71466752 5.18403E+50 1.929E-51
Ac 148 1.0069E-05| -4.997017881 55.53339389 3.41503E+55 2.92824E-56
Ac 149 0.00058724 | -3.231183807 43.17255537 1.48784E+43 6.72117E-44
Ac 150 0.00063047 | -3.200332892 42.95659896 9.04897E+42 1.1051E-43
Ac 151 0.00056975 | -3.244316253 43.26448249 1.83858E+43 5.43898E-44
Ac 152 0.00056096 | -3.251066188 43.31173204 2.0499E+43 4.87829E-44
Ac 153 0.00050963 | -3.292741385 43.60345842 4.0129E+43 2.49196E-44
Ac 154 0.00050359 | -3.297919723 43.63970678 4.36221E+43 2.29241E-44
Ac 155 0.00044833 | -3.348400335 43.99307107 9.84172E+43 1.01608E-44
Ac 156 0.0004299 | -3.366631023 44.12068588 1.32034E+44 7.57381E-45
Ac 157 0.00039294 | -3.405668634 44.39394916 2.47713E+44 4.03693E-45
Ac 158 0.00037656 | -3.424164596 44.5234209 3.3375E+44 2.99626E-45
Ac 159 0.00033962 | -3.469004046 44.83729704 6.87539E+44 1.45446E-45
Ac 160 0.00032116| -3.49328418 45.00725798 1.01685E+45 9.83427E-46
Ac 161 0.00029332 | -3.532656402 45.,28286354 1.91807E+45 5.21359E-46
Ac 162 0.00027104 | -3.566973857 45.,52308572 3.33492E+45 2.99857E-46
Ac 163 0.00025302 | -3.596841287 45.73215773 5.39707E+45 1.85286E-46
Ac 164 0.00023639 | -3.626363508 45,93881328 8.68587E+45 1.1513E-46
Ac 165 0.00022246 | -3.652753619 46.12354405 1.32906E+46 7.52412E-47
Ac 166 0.00020375 | -3.690908215 46.39062623 2.45825E+46 4.06793E-47
Ao 167 0.00019746 | -3.704513552 46.48586359 3.061E+46 3.2669E-47
Ac 168 0.00018165| -3.740766771 46.73963612 5.49081E+46 1.82123E-47
Ac 169 0.00017399 | -3.759483671 46.87065441 7.42428E+46 1.34693E-47
Ac 170 0.000161 -3.7931642 47.10641812 1.27767E+47 7.82676E-48
Ac 171 0.00015566 | -3.807811465 47.20894897 1.61789E+47 6.18089E-48
Ac 172 0.00014249 | -3.846206979 47.47771757 3.00412E+47 3.32876E-48
Ac 173 0.0001357| -3.867435709 47.62631868 4.22979E+47 2.36418E-48
Ac 174 0.00012648 | -3.897980123 47.84012958 6.92037E+47 1.44501E-48
Ao 175 0.00011993 | -3.921062565 48.00170667 1.00394E+48 9.96078E-49
Ac 176 0.00011087 | -3.955190471 48.24060202 1.74021E+48 5.74643E-49
Ao 177 0.00010518 | -3.978067362 48.40074026 2.51617E+48 3.97429E-49
Ao 178 9.8062E-05 | -4.008497723 48.61375278 4.10916E+48 2.43359E-49
Ao 179 9.1631E-05| -4.037958883 48.8199809 6.60664E+48 1.51363E-49
Ac 180 8.5801E-05 | -4.066506446 49.01981384 1.04668E+49 9.55402E-50
Ac 181 8.0607E-05 | -4.093626904 49.20965705 1.62053E+49 6.17082E-50
Ac 182 7.5939E-05| -4.119534737 49.39101188 2.46043E+49 4.06432E-50
Ac 183 7.0749E-05 | -4.150278174 49.60621594 4.03846E+49 2.47619E-50
Ac 184 6.7203E-05 | -4.172613584 49.76256381 5.78847E+49 1.72757E-50
Ac 185 4.8658E-05 | -4.312849248 50.74421346 5.54898E+50 1.80213E-51
DANO TOTAL 1.61932E-22

1.1.5.2 Armadura pasiva

Ac (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)

Ac 1 0.00097989 | -3.008821325 47.4886662 3.08082E+47 3.24589E-48
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Ac 2 0.00687459 | -2.162752916 41.56618734 3.68288E+41 2.71527E-42
Ac 3 0.05635991 | -1.249029696 35.1701248 1.47953E+35 6.75889E-36
Ac 4 0.001492 | -2.826231597 46.2105381 1.62382E+46 6.15831E-47
Ac 5 0.0676831| -1.169519787 34.61355543 4.10729E+34 2.4347E-35
Ac 6 0.00637536 | -2.195494975 41.79538176 6.24283E+41 1.60184E-42
Ac 7 0.01459875 | -1.835684222 39.27670648 1.89107E+39 5.28803E-40
Ac 8 1.5234E-05| -4.817184032 60.14720515 1.40348E+60 7.12516E-61
Ac 9 0.0007271| -3.138407201 48.39576734 2.48752E+48 4.02006E-49
Ac 10 0.00150987 | -2.821061687 46.17434874 1.49399E+46 6.69347E-47
Ac 11 0.00666161 | -2.176420494 41.66186038 4.5905E+41 2.17841E-42
Ac 12 0.93895778 | -0.027353935 26.61839447 4.15331E+26 2.40772E-27
Ac 13 0.01838056 | -1.735641152 38.57640499 3.77055E+38 2.65213E-39
Ac 14 0.20822154 | -0.681474355 31.19723741 1.57484E+31 6.34984E-32
Ao 15 0.00111152| -2.95408157 47.10548792 1.27493E+47 7.84354E-48
Ac 16 0.17204908 | -0.764347642 31.77735042 5.98895E+31 1.66974E-32
Ac 17 0.0013485 | -2.870149895 46.51796619 3.29584E+46 3.03413E-47
Ac 18 0.00109648 | -2.960000496 47.1469204 1.40256E+47 7.12984E-48
Ac 19 0.01085192 | -1.964493238 40.17836959 1.50789E+40 6.63178E-41
Ao 20 0.00131841 | -2.879951033 46.58657416 3.85988E+46 2.59075E-47
Ao 21 0.00127515| -2.894439357 46.68799243 4.8752E+46 2.0512E-47
Ao 22 0.0847729| -1.07174295 33.92911758 8.4941E+33 1.17729E-34
Ao 23 0.07084219 | -1.149708019 34.47487306 2.98451E+34 3.35063E-35
Ac 24 0.00310512 | -2.507921978 43.98237077 9.6022E+43 1.04143E-44
Ao 25 0.01702831| -1.768828561 38.80871685 6.43749E+38 1.5534E-39
Ao 26 0.02269312| -1.64410573 37.93565704 8.62297E+37 1.15969E-38
Ao 27 0.00389315 | -2.409698705 43.29480786 1.97155E+43 5.07215E-44
Ao 28 0.00724277 | -2.140095532 41.40758565 2.55615E+41 3.91214E-42
Ao 29 0.04636236 | -1.333834509 35.76375849 5.80442E+35 1.72283E-36
Ac 30 0.08637342 | -1.063619886 33.87225613 7.45171E+33 1.34197E-34
Ao 31 0.00097235| -3.012178508 47.51216648 3.25212E+47 3.07492E-48
Ao 32 0.02177532| -1.662035506 38.06116547 1.15124E+38 8.68629E-39
Ac 33 0.07111302 | -1.148050887 34.46327314 2.90585E+34 3.44133E-35
Ac 34 0.01573999 | -1.802995483 39.04788531 1.11657E+39 8.95601E-40
Ao 35 0.03026126 | -1.519113007 37.06070797 1.15003E+37 8.69545E-38
Ao 36 0.04130126 | -1.384036715 36.11517393 1.30369E+36 7.67054E-37
Ao 37 0.0320743 | -1.493842792 36.88381647 7.65273E+36 1.30672E-37
Ao 38 0.00216662 | -2.664216572 45.07643293 1.19243E+45 8.38624E-46
Ao 39 0.03915156 | -1.407250909 36.27767329 1.89528E+36 5.27627E-37
Ac 40 0.1082014 | -0.965767128 33.18728682 1.53917E+33 6.497E-34
Ac 41 0.06298066 | -1.200792809 34.83246659 6.79934E+34 1.47073E-35
Ac 42 0.00024074 | -3.618459081 51.7561305 5.70336E+51 1.75335E-52
Ac 43 0.00291328 | -2.535617633 44.17624036 1.50052E+44 6.66438E-45
Ac 44 0.0018074 | -2.742945663 45.62753657 4.24167E+45 2.35756E-46
Ao 45 0.01149138 | -1.939627841 40.00431181 1.00998E+40 9.90121E-41
Ao 46 0.03535997 | -1.451488101 36.58733364 3.86664E+36 2.58623E-37
Ao 47 0.03826573 | -1.417190011 36.347247 2.22457E+36 4.49524E-37
Ac 48 0.00082001 | -3.086182562 48.03019486 1.072E+48 9.32836E-49
Ao 49 0.02580764 | -1.588251636 37.54467838 3.50492E+37 2.85313E-38




Ao 50 0.10952733 | -0.960477513 33.15025952 1.41338E+33 7.07523E-34
Ao 51 0.06112812 | -1.213758965 34.92322968 8.37972E+34 1.19336E-35
Ao 52 0.00194093 | -2.711989354 45.4108424 2.57539E+45 3.88291E-46
Ao 53 0.0012507 | -2.902847406 46.74684877 5.58276E+46 1.79123E-47
Ao 54 0.000205 | -3.688242553 52.2446148 1.75637E+52 5.69358E-53
Ao 55 0.00329131 | -2.482631002 43.80533394 6.38754E+43 1.56555E-44
Ao 56 0.01844263 | -1.734177162 38.56615706 3.68262E+38 2.71546E-39
Ao 57 0.00046078 | -3.336502966 49.78243769 6.05951E+49 1.6503E-50
Ao 58 0.01548797 | -1.810005447 39.09695506 1.25013E+39 7.99917E-40
Ao 59 0.00679139 | -2.168041562 41.60320786 4.01059E+41 2.4934E-42
Ao 60 0.00708102 | -2.14990407 41.47624542 2.99396E+41 3.34006E-42
Ao 61 0.00047207 | -3.325995329 49.70888423 5.11545E+49 1.95486E-50
Ao 62 0.13605718 | -0.86627854 32.4908667 3.09647E+32 3.22949E-33
Ao 63 0.05482573 | -1.261015593 35.25402608 1.79484E+35 5.57152E-36
Ao 64 0.00058867 | -3.230124713 49.03778992 1.09091E+49 9.16664E-50
Ao 65 0.0019052 | -2.720059605 45.46733417 2.93315E+45 3.4093E-46
Ao 66 0.00167763 | -2.775304196 45.8540463 7.14573E+45 1.39944E-46
Ao 67 0.00157607 | -2.802425032 46.04389215 1.10635E+46 9.03874E-47
Ao 68 0.00100996 | -2.995694765 47.39678028 2.49333E+47 4.0107E-48
Ao 69 0.00243557 | -2.613399282 44.7207119 5.25668E+44 1.90234E-45
Ao 70 0.00400412 | -2.397493389 43.20937065 1.61946E+43 6.17489E-44
Ac 71 0.10879948 | -0.963373195 33.17052929 1.48091E+33 6.7526E-34
Ac 72 0.00268947 | -2.570333013 44.41924802 2.62572E+44 3.80848E-45
Ac 73 0.00244874 | -2.611058067 44.70432339 5.06201E+44 1.9755E-45
Ac 74 0.00097423 | -3.011339291 47.50629196 3.20843E+47 3.11679E-48
Ac 75 0.79986582 | -0.096982859 27.10579694 1.27584E+27 7.83796E-28
Ao 76 0.00191648 | -2.717494867 45.44938099 2.81437E+45 3.55319E-46
Ao 77 0.00020124 | -3.696285273 52.30091384 1.99947E+52 5.00134E-53
Ao 78 0.00027459 | -3.561316195 51.35613029 2.27055E+51 4.40423E-52
Ao 79 0.36781648 | -0.434368814 29.46749862 2.93426E+29 3.40801E-30
Ao 80 0.00022061 | -3.656371039 52.0215142 1.05079E+52 9.51669E-53
Ao 81 0.0345324 | -1.461773193 36.65932928 4.56383E+36 2.19114E-37
Ao 82 0.01910589 | -1.718832626 38.45874531 2.87571E+38 3.4774E-39
Ao 83 0.02281684 | -1.641744525 37.9191286 8.30097E+37 1.20468E-38
Ao 84 0.02303465 | -1.637618411 37.89024581 7.76687E+37 1.28752E-38
Ao 85 0.0154578 | -1.810852184 39.10288222 1.26731E+39 7.89074E-40
Ao 86 0.01284234 | -1.891355821 39.66640768 4.63882E+39 2.15572E-40
Ac 87 0.01819497 | -1.740048602 38.60725714 4.04816E+38 2.47026E-39
Ao 88 0.01950228 | -1.709914585 38.39631903 2.49069E+38 4.01496E-39
Ao 89 0.01291781 | -1.888810942 39.64859352 4.45239E+39 2.24598E-40
Ao 90 0.00920881 | -2.035796596 40.6774931 4.75875E+40 2.10139E-41
Ac 91 0.01338475| -1.873389782 39.5406454 3.47253E+39 2.87975E-40
Ac 92 0.01589314 | -1.798790242 39.01844862 1.04339E+39 9.5841E-40
Ac 93 0.01098896 | -1.95904357 40.14022192 1.38109E+40 7.24066E-41
Ac 94 0.0068662 | -2.163283388 41.56990064 3.7145E+41 2.69215E-42
Ao 95 0.00975833 | -2.010624719 40.50128996 3.17168E+40 3.1529E-41
Ao 96 0.01234814 | -1.908398599 39.78570712 6.1053E+39 1.63792E-40
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Ac 97 0.00854332 | -2.068373159 40.90552904 8.04506E+40 1.243E-41
Ac 98 0.00471385 | -2.326623867 42.713284 5.16754E+42 1.93516E-43
Ao 99 0.00710765 | -2.148273772 41.46483333 2.91631E+41 3.42899E-42
Ao 100 0.01034354 | -1.98533084 40.32423281 2.10976E+40 4.73988E-41
Ac 101 0.00780575 | -2.107585375 41.18001455 1.51361E+41 6.60671E-42
Ao 102 0.0037759 | -2.422979317 43.38777215 2.44215E+43 4.09475E-44
Ac 103 0.00504827 | -2.296857738 42.5049211 3.19831E+42 3.12665E-43
Ao 104 0.00803509 | -2.095009343 41.09198233 1.2359E+41 8.09129E-42
Ao 105 0.00641954 | -2.192495862 41.77438796 5.94823E+41 1.68117E-42
Ao 106 0.00277661 | -2.556485606 44.32231617 2.10047E+44 4.76084E-45
Ao 107 0.00338576 | -2.470343469 43.71932121 5.23988E+43 1.90844E-44
Ac 108 0.00631689 | -2.199496544 41.82339273 6.65875E+41 1.50178E-42
Ao 109 0.0054082 | -2.266947372 42.29554853 1.97492E+42 5.06351E-43
Ao 110 0.00209286 | -2.67926052 45.18174057 1.51964E+45 6.58051E-46
Ao 111 0.00226029 | -2.645835767 44.9477673 8.86681E+44 1.1278E-45
Ao 112 0.00505199 | -2.296537173 42.50267714 3.18183E+42 3.14284E-43
Ac 113 0.00487317 | -2.312188229 42.61223453 4.09482E+42 2.44211E-43
Ao 114 0.0019098 | -2.719011662 45.45999856 2.88402E+45 3.46738E-46
Ao 115 0.0014246 | -2.846308029 46.35107313 2.24426E+46 4.45581E-47
Ao 116 0.00374063 | -2.427055011 43.41630201 2.60797E+43 3.83441E-44
Ao 117 0.00399568 | -2.398409045 43.21578024 1.64354E+43 6.08443E-44
Ao 118 0.00153605 | -2.813593733 46.12207306 1.32456E+46 7.54965E-47
Ao 119 0.00080541 | -3.093980806 48.08478257 1.21558E+48 8.22654E-49
Ac 120 0.00285273 | -2.544739872 44.24009603 1.73819E+44 5.75313E-45
Ao 121 0.00347388 | -2.459185226 43.64121351 4.37737E+43 2.28448E-44
Ao 122 0.0014475| -2.839381663 46.30258856 2.00719E+46 4.98209E-47
Ao 123 0.00048328 | -3.315799184 49.63751121 4.34021E+49 2.30403E-50
Ao 124 0.00210848 | -2.676030509 45.15913049 1.44255E+45 6.93217E-46
Ao 125 0.00295741 | -2.529088063 44.13053337 1.35062E+44 7.404E-45
Ao 126 0.00137981 | -2.860180721 46.44818197 2.80661E+46 3.56302E-47
Ao 127 0.00022021 | -3.657164081 52.0270655 1.0643E+52 9.39582E-53
Ao 128 0.00141422 | -2.84948182 46.37328967 2.36205E+46 4.2336E-47
Ao 129 0.00240953 | -2.618067375 44.75338855 5.66746E+44 1.76446E-45
Ao 130 0.00126397| -2.89826152 46.71474757 5.18499E+46 1.92865E-47
Ao 131 8.5918E-05| -4.065913769 54.88831331 7.73238E+54 1.29326E-55
Ao 132 0.00100025 | -2.999890609 47.42615119 2.66779E+47 3.74842E-48
Ao 133 0.00206379 | -2.685334569 45.22425891 1.67594E+45 5.96679E-46
Ao 134 0.00125186 | -2.90244595 46.74403858 5.54675E+46 1.80286E-47
Ao 135 5.4158E-05| -4.266339902 56.29129624 1.95567E+56 5.11333E-57
Ao 136 0.00061483 | -3.211247753 48.9056512 8.04732E+48 1.24265E-49
Ao 137 0.00168867 | -2.772454139 45.8340959 6.82489E+45 1.46522E-46
Ao 138 0.00120242 | -2.919943288 46.86651994 7.35394E+46 1.35982E-47
Ao 139 2.1493E-05| -4.667698819 59.10080866 1.26127E+59 7.92851E-60
Ao 140 0.00030954 | -3.509284077 50.99190546 9.81534E+50 1.01881E-51
Ao 141 0.00135176 | -2.869100861 46.51062295 3.24058E+46 3.08587E-47
Ac 142 0.00109939 | -2.958848872 47.13885903 1.37676E+47 7.26342E-48
Ao 143 2.8719E-05| -4.541830014 58.21972702 1.65854E+58 6.02938E-59
Ac 144 0.00014359 | -3.842865698 53.32697681 2.12313E+53 4.71002E-54




Ao 145 0.00111581| -2.952408611 47.0937772 1.24102E+47 8.05792E-48
Ac 146 0.00104043 | -2.982786094 47.30641959 2.02497E+47 4.93833E-48
Ao 147 7.2144E-05 | -4.141801774 55.41952935 2.62742E+55 3.80602E-56
Ac 148 1.4785E-05 | -4.830191255 60.23825571 1.73084E+60 5.77756E-61
Ao 149 0.00086227 | -3.064357181 47.87741719 7.5408E+47 1.32612E-48
Ac 150 0.00092575 | -3.033506266 47.66146079 4.58628E+47 2.18042E-48
Ao 151 0.00083659 | -3.077489627 47.96934431 9.31846E+47 1.07314E-48
Ao 152 0.00082368 | -3.084239562 48.01659386 1.03895E+48 9.62512E-49
Ac 153 0.00074832 | -3.125914759 48.30832024 2.03386E+48 4.91677E-49
Ac 154 0.00073945 | -3.131093097 48.3445686 2.2109E+48 4.52305E-49
Ac 155 0.0006583 | -3.181573709 48.69793289 4.98807E+48 2.00478E-49
Ac 156 0.00063124 | -3.199804396 48.8255477 6.69187E+48 1.49435E-49
Ac 157 0.00057698 | -3.238842008 49.09881098 1.25548E+49 7.96506E-50
Ac 158 0.00055292 | -3.25733797 49.22828272 1.69154E+49 5.91177E-50
Ac 159 0.00049868 | -3.302177419 49.54215886 3.48465E+49 2.86973E-50
Ac 160 0.00047157 | -3.326457554 49.7121198 5.15371E+49 1.94035E-50
Ao 161 0.0004307 | -3.365829776 49.98772536 9.72132E+49 1.02867E-50
Ao 162 0.00039797 | -3.40014723 50.22794754 1.69024E+50 5.91633E-51
Ao 163 0.00037152 | -3.430014661 50.43701955 2.73539E+50 3.65578E-51
Ac 164 0.00034711| -3.459536882 50.6436751 4.40225E+50 2.27156E-51
Ao 165 0.00032664 | -3.485926992 50.82840587 6.73606E+50 1.48455E-51
Ac 166 0.00029917 | -3.524081589 51.09548805 1.24591E+51 8.02624E-52
Ac 167 0.00028994 | -3.537686926 51.19072541 1.55141E+51 6.44577E-52
Ac 168 0.00026672 | -3.573940144 51.44449794 2.7829E+51 3.59337E-52
Ao 169 0.00025547 | -3.592657044 51.57551624 3.76284E+51 2.65756E-52
Ac 170 0.00023641 | -3.626337574 51.81127994 6.4756E+51 1.54426E-52
Ac 171 0.00022857 | -3.640984838 51.91381079 8.19994E+51 1.21952E-52
Ac 172 0.00020923 | -3.679380352 52.18257939 1.52258E+52 6.56781E-53
Ac 173 0.00019925 | -3.700609082 52.3311805 2.14378E+52 4.66465E-53
Ac 174 0.00018571| -3.731153497 52.54499141 3.50745E+52 2.85107E-53
Ac 175 0.0001761 | -3.754235938 52.70656849 5.08825E+52 1.96531E-53
Ac 176 0.00016279 | -3.788363845 52.94546384 8.8199E+52 1.1338E-53
Ac 177 0.00015444 | -3.811240736 53.10560208 1.27527E+53 7.84148E-54
Ac 178 0.00014399 | -3.841671097 53.31861461 2.08264E+53 4.80159E-54
Ac 179 0.00013455 | -3.871132257 53.52484272 3.34844E+53 2.98646E-54
Ac 180 0.00012599 | -3.899679819 53.72467566 5.30488E+53 1.88506E-54
Ac 181 0.00011836| -3.926800277 53.91451887 8.21332E+53 1.21753E-54
Ao 182 0.0001115| -3.952708111 54.0958737 1.24702E+54 8.01911E-55
Ac 183 0.00010388 | -3.983451547 54.31107776 2.04681E+54 4.88565E-55
Ac 184 9.8676E-05 | -4.005786957 54.46742563 2.93377E+54 3.40859E-55
Ao 185 7.1446E-05 | -4.146022622 55.44907528 2.81239E+55 3.5557E-56

DANO TOTAL 3.19501E-27
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1.1.6 Tren tipo 6

1.1.6.1  Armadura activa
Ao (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)

Ac 1 0.00065891 | -3.181171078 42.82246627 6.64456E+42 1.50499E-43
Ac 2 0.00497901 -2.30285678 36.67426618 4.72352E+36 2.11706E-37
Ac 3 0.04008756 | -1.396990331 30.33320104 2.15378E+30 4.643E-31
Ac 4 0.00530036 | -2.275694696 36.48413159 3.04882E+36 3.27996E-37
Ao 5 0.05240248 | -1.280648151 29.51880578 3.30222E+29 3.02827E-30
Ao 6 0.00919433 | -2.036480123 34.80962958 6.45104E+34 1.55014E-35
Ao 7 0.00947484 | -2.023428316 34.71826694 5.22717E+34 1.91308E-35
Ac 8 0.54837539 | -0.260922045 22.38072304 2.40283E+22 4.16176E-23
Ac 9 0.16737741 | -0.776303169 25.9883909 9.73623E+25 1.02709E-26
Ac 10 0.03200504 | -1.494781561 31.01773964 1.04169E+31 9.59976E-32
Ac 11 0.03573365 | -1.446922607 30.68272697 4.81645E+30 2.07622E-31
Ac 12 0.11800764 | -0.928089892 27.05089797 1.12434E+27 8.8941E-28
Ac 13 0.00708192 | -2.149849087 35.60321233 4.01063E+35 2.49338E-36
Ac 14 0.01523208 | -1.817240777 33.27495416 1.88345E+33 5.3094E-34
Ao 15 0.04671325| -1.330559914 29.86818812 7.38224E+29 1.3546E-30
Ao 16 0.00050082 -3.30031892 43.65650116 4.53421E+43 2.20546E-44
Ao 17 0.04173067 | -1.379544597 30.2110809 1.62585E+30 6.15062E-31
Ao 18 0.00951813 | -2.021448416 34.70440763 5.063E+34 1.97511E-35
Ao 19 0.07923833 -1.1010647 28.26172162 1.82693E+28 5.47367E-29
Ao 20 0.00073266 | -3.135099649 42.49996626 3.16203E+42 3.16252E-43
Ac 21 0.04298464 | -1.366686666 30.12107538 1.32153E+30 7.56702E-31
Ao 22 0.00915821 | -2.038189636 34.82159617 6.63126E+34 1.50801E-35
Ao 23 0.00340455 | -2.467940701 37.82985363 6.75855E+37 1.47961E-38
Ac 24 0.14929155 | -0.825964769 26.3360221 2.16781E+26 4.61294E-27
Ao 25 0.00412183 | -2.384909638 37.24863618 1.7727E+37 5.6411E-38
Ao 26 0.01991621 | -1.700793214 32.45982122 2.88284E+32 3.4688E-33
Ao 27 0.0317066 | -1.498850291 31.04622076 1.1123E+31 8.9904E-32
Ao 28 0.01787707 | -1.747703599 32.78819391 6.14036E+32 1.62857E-33
Ao 29 0.00175735| -2.755141566 39.84025968 6.92245E+39 1.44458E-40
Ao 30 0.08396473 | -1.075903106 28.08559046 1.21784E+28 8.21126E-29
Ao 31 0.00085562 | -3.067719215 42.02830322 1.06734E+42 9.36908E-43
Ao 32 0.04241722| -1.372457803 30.16147334 1.45035E+30 6.89488E-31
Ao 33 0.00224536 | -2.648713761 39.09526505 1.24527E+439 8.03036E-40
Ao 34 0.05125137 | -1.290294563 29.58633066 3.85772E+29 2.5922E-30
Ao 35 0.03116608 | -1.50631787 31.09849381 1.25457E+31 7.97088E-32
Ao 36 0.00033943 | -3.469249803 44.83901734 6.90267E+44 1.44871E-45
Ao 37 0.00747899 | -2.126157202 35.43736914 2.73759E+35 3.65284E-36
Ao 38 0.04617016 | -1.335638599 29.90373891 8.01196E+29 1.24813E-30
Ao 39 0.15496964 | -0.80975338 26.22254238 1.66933E+26 5.99042E-27
Ao 40 0.05341987 | -1.272297138 29.46034869 2.88635E+29 3.46459E-30
Ac 41 0.01541653 | -1.812013498 33.23836321 1.73126E+33 5.77613E-34
Ac 42 0.02390868 | -1.621444416 31.90437963 8.02379E+31 1.24629E-32
Ac 43 0.07398805 | -1.130838418 28.47013765 2.95214E+28 3.38737E-29
Ac 44 0.06616707 | -1.179358089 28.80977535 6.4532E+28 1.54962E-29




Ac 45 0.04971945| -1.30347371 29.67858469 4.77073E+29 2.09612E-30
Ao 46 0.01508734 | -1.821387256 33.30397951 2.01363E+33 4.96616E-34
Ao 47 0.05137561 | -1.289243015 29.57896983 3.79289E+29 2.63651E-30
Ao 48 0.08618447 | -1.064570966 28.00626548 1.01453E+28 9.85677E-29
Ao 49 0.00419484 | -2.377284373 37.19525933 1.56769E+37 6.37882E-38
Ao 50 0.0325238 | -1.487798768 30.9688601 9.30808E+30 1.07434E-31
Ao 51 0.07958929 | -1.099145396 28.24828649 1.77128E+28 5.64564E-29
Ao 52 0.00025745| -3.58929962 45.67936606 4.77932E+45 2.09235E-46
Ao 53 0.01352725| -1.868790635 33.63580316 4.32318E+33 2.31311E-34
Ao 54 0.02106259 | -1.676488209 32.28968619 1.94844E+32 5.13232E-33
Ao 55 0.02374857 | -1.624362523 31.92480638 8.4102E+31 1.18903E-32
Ao 56 0.16977007 | -0.770138881 25.94524089 8.81538E+25 1.13438E-26
Ao 57 0.01142278 | -1.942228209 34.14986619 1.4121E+34 7.08164E-35
Ao 58 0.01217337| -1.91458925 33.95639347 9.04469E+33 1.10562E-34
Ao 59 0.2025321| -0.693506125 25.4088116 2.56337E+25 3.90111E-26
Ao 60 0.00076852 | -3.114344427 42.35467971 2.26297E+42 4.41896E-43
Ao 61 0.00034199 | -3.465984416 44.81615963 6.54877E+44 1.527E-45
Ao 62 0.00014858 | -3.828037688 47.35053254 2.24147E+47 4.46136E-48
Ao 63 0.02239597 | -1.649830041 32.10307901 1.26788E+32 7.88717E-33
Ao 64 0.10262954 | -0.988727635 27.47536216 2.98787E+27 3.34686E-28
Ao 65 0.28312047 | -0.548028735 24.39046987 2.45737E+24 4.0694E-25
Ao 66 0.02814067| -1.55066562 31.40892806 2.56406E+31 3.90007E-32
Ao 67 0.0574573 | -1.240654803 29.23885234 1.73321E+29 5.76963E-30
Ao 68 0.02839953 | -1.546688849 31.38109066 2.40486E+31 4.15824E-32
Ao 69 0.06244423 | -1.204507695 28.98582258 9.67882E+28 1.03318E-29
Ac 70 0.01157315| -1.936548294 34.11010678 1.28857E+34 7.76056E-35
Ac 71 0.08051113 | -1.094144101 28.21327743 1.6341E+28 6.11959E-29
Ao 72 0.02664948 | -1.574311258 31.57444753 3.7536E+31 2.66411E-32
Ac 73 0.04230522 | -1.373606038 30.16951099 1.47744E+30 6.76845E-31
Ao 74 0.0085824 | -2.066391058 35.01900613 1.04473E+35 9.57181E-36
Ao 75 1.6267E-05| -4.788691956 54.07511242 1.18881E+54 8.41177E-55
Ao 76 0.00447305 | -2.349396569 37.00004471 1.0001E+37 9.99897E-38
Ao 77 0.03083793 | -1.51091477 31.13067211 1.35105E+31 7.40164E-32
Ac 78 0.00893321 | -2.048992313 34.89721491 7.89251E+34 1.26702E-35
Ao 79 0.00068115| -3.166760411 42.7215916 5.26734E+42 1.89849E-43
Ao 80 0.01752836 | -1.756258809 32.84808039 7.04824E+32 1.41879E-33
Ao 81 0.03055318 | -1.514943566 31.15887368 1.4417E+31 6.93628E-32
Ac 82 0.01671866 | -1.776798648 32.99185926 9.8143E+32 1.01892E-33
Ao 83 0.00052386 | -3.280782988 43.51974964 3.3094E+43 3.02169E-44
Ao 84 0.00966247 | -2.014911844 34.65865163 4.55671E+34 2.19456E-35
Ao 85 0.02442922 | -1.612090331 31.83890104 6.90083E+31 1.4491E-32
Ao 86 0.01647406 | -1.783199328 33.03666402 1.08809E+33 9.19043E-34
Ao 87 0.0006208 | -3.207049539 43.00361549 1.00836E+43 9.9171E-44
Ao 88 0.00628752 | -2.201520339 35.9649111 9.22383E+35 1.08415E-36
Ac 89 0.0203196 | -1.692084892 32.39886297 2.50532E+32 3.99151E-33
Ac 90 0.01541951| -1.811929433 33.23777475 1.72892E+33 5.78396E-34
Ac 91 0.00036971 | -3.432139161 44.57924285 3.79527E+44 2.63486E-45
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Ac 92 0.00282939 | -2.548307826 38.3924235 2.46845E+38 4.05113E-39
Ac 93 0.01627133 | -1.788577072 33.07430822 1.18661E+33 8.42736E-34
Ac 94 0.01444565 | -1.840262817 33.43610844 2.72966E+33 3.66346E-34
Ac 95 0.00070017 | -3.15479427 42.63782861 4.34339E+42 2.30235E-43
Ac 96 0.00069137 | -3.160286934 42.67627726 4.74545E+42 2.10728E-43
Ac 97 0.01303815| -1.884784163 33.74775786 5.59446E+33 1.78748E-34
Ac 98 0.01302667 | -1.885166611 33.750435 5.62905E+33 1.7765E-34
Ac 99 0.01160245 | -1.935450416 34.10242163 1.26596E+34 7.89911E-35
Ac 100 0.01180058 | -1.928096492 34.05094416 1.12446E+34 8.89315E-35
Ac 101 0.01070606 | -1.970370448 34.34686186 2.2226E+34 4.49923E-35
Ao 102 0.01040225 | -1.982872798 34.4343783 2.71881E+34 3.67808E-35
Ac 103 0.0092597| -2.033403034 34.78808996 6.13889E+34 1.62896E-35
Ac 104 0.00905795 | -2.042970006 34.85505877 7.1624E+34 1.39618E-35
Ac 105 0.00822358 | -2.084939003 35.14884174 1.40878E+35 7.09836E-36
Ac 106 0.00787337 | -2.103839529 35.28114543 1.91049E+35 5.23425E-36
Ac 107 0.00711494 | -2.147828814 35.58907042 3.88213E+35 2.5759E-36
Ac 108 0.00673473 | -2.171680051 35.75602908 5.70202E+35 1.75376E-36
Ac 109 0.00614779 | -2.211280679 36.03323348 1.07953E+36 9.26332E-37
Ac 110 0.00576643 | -2.239093081 36.22792029 1.69013E+36 5.9167E-37
Ao 111 0.00531741 -2.27430005 36.47436907 2.98105E+36 3.35452E-37
Ac 112 0.00494254 | -2.30605016 36.69661984 4.97302E+36 2.01085E-37
Ao 113 0.00463212 | -2.334220418 36.89381164 7.8309E+36 1.27699E-37
Ao 114 0.00428044 | -2.368511324 37.13384799 1.36097E+37 7.34771E-38
Ao 115 0.00409709 | -2.387524882 37.2669429 1.84903E+37 5.40825E-38
Ac 116 0.00378658 | -2.42175305 37.50654007 3.21026E+37 3.11501E-38
Ac 117 0.00365319 | -2.437327883 37.6155639 4.12633E+37 2.42346E-38
Ac 118 0.00335788 | -2.473934219 37.87180825 7.44403E+37 1.34336E-38
Ac 119 0.00324346 | -2.488990813 37.97720441 9.48865E+37 1.05389E-38
Ac 120 0.00297681 | -2.526248341 38.23800711 1.72984E+38 5.78087E-39
Ac 121 0.00283816 | -2.546963159 38.38301084 2.41552E+38 4.13989E-39
Ac 122 0.00262547 | -2.580792663 38.61981737 4.16694E+38 2.39984E-39
Ac 123 0.0025151 | -2.599444202 38.75037814 5.62831E+38 1.77673E-39
Ac 124 0.00232185 -2.63416519 38.99342505 9.84975E+38 1.01525E-39
Ao 125 0.00219315| -2.658931292 39.16678777 1.46821E+39 6.81102E-40
Ao 126 0.0020441 | -2.689496806 39.38074636 2.40296E+39 4.16154E-40
Ao 127 0.00192074 | -2.716530961 39.56998545 3.71523E+39 2.69162E-40
Ao 128 0.00179049 | -2.747028893 39.78347097 6.07395E+39 1.64638E-40
Ao 129 0.00168405 | -2.77364457 39.96978071 9.32783E+39 1.07206E-40
Ac 130 0.00158639 | -2.799591251 40.15140748 1.41712E+40 7.05655E-41
DANO TOTAL 4.20974E-23

1.1.6.2 Armadura pasiva

Ao (N/mm2) Log(Ao) Log(N*) N Dafio (1/N)

Ac 1 0.00096751 | -3.014344452 47.52732809 3.36766E+47 2.96942E-48
Ao 2 0.00731088 | -2.136030154 41.379128 2.39402E+41 4.17707E-42
Ac 3 0.05886217 | -1.230163704 35.03806286 1.0916E+35 9.16088E-36
Ac 4 0.00778273 | -2.108868069 41.18899341 1.54523E+41 6.47152E-42




Ac 5 0.07694466 | -1.113821525 34.2236676 1.67366E+34 5.97492E-35
Ac 6 0.0135004 | -1.869653496 39.5144914 3.26958E+39 3.0585E-40
Ac 7 0.01391228| -1.85660169 39.42312876 2.64929E+39 3.7746E-40
Ac 8 0.80520151 | -0.094095419 27.08558486 1.21782E+27 8.21136E-28
Ac 9 0.24576694 | -0.609476542 30.69325272 4.93461E+30 2.0265E-31
Ac 10 0.04699429 | -1.327954934 35.72260147 5.27961E+35 1.89408E-36
Ac 11 0.05246915 | -1.280095981 35.38758879 2.44112E+35 4.09648E-36
Ac 12 0.17327533 | -0.761263266 31.75575979 5.69849E+31 1.75485E-32
Ac 13 0.01039866 | -1.983022461 40.30807415 2.0327E+40 4.91956E-41
Ac 14 0.02236587| -1.65041415 37.97981598 9.54588E+37 1.04757E-38
Ao 15 0.06859093 | -1.163733288 34.57304994 3.74154E+34 2.6727E-35
Ao 16 0.00073537| -3.133492293 48.36136298 2.29807E+48 4.35148E-49
Ao 17 0.06127482 | -1.212717971 34.91594272 8.24029E+34 1.21355E-35
Ao 18 0.01397585| -1.85462179 39.40926945 2.56608E+39 3.897E-40
Ao 19 0.1163488 | -0.934238074 32.96658344 9.25941E+32 1.07998E-33
Ao 20 0.00107579 | -2.968273022 47.20482808 1.60261E+47 6.23982E-48
Ac 21 0.06311607 | -1.19986004 34.82593721 6.69788E+34 1.49301E-35
Ao 22 0.01344736 | -1.871363009 39.52645799 3.36092E+39 2.97538E-40
Ao 23 0.00499903 | -2.301114074 42.53471545 3.42543E+42 2.91934E-43
Ao 24 0.21921076 | -0.659138142 31.04088392 1.09871E+31 9.10157E-32
Ao 25 0.00605225 | -2.218083011 41.953498 8.98458E+41 1.11302E-42
Ao 26 0.02924377| -1.533966587 37.16468304 1.46111E+37 6.84411E-38
Ao 27 0.04655607 | -1.332023664 35.75108258 5.63745E+35 1.77385E-36
Ao 28 0.02624962 | -1.580876972 37.49305573 3.11212E+37 3.21325E-38
Ao 29 0.00258039 | -2.588314939 44.5451215 3.5085E+44 2.85022E-45
Ao 30 0.12328877| -0.909076479 32.79045228 6.17237E+32 1.62012E-33
Ao 31 0.00125634 | -2.900892588 46.73316505 5.4096E+46 1.84857E-47
Ao 32 0.0622829 | -1.205631177 34.86633517 7.35081E+34 1.36039E-35
Ao 33 0.00329695 | -2.481887135 43.80012687 6.31142E+43 1.58443E-44
Ao 34 0.07525443 | -1.123467937 34.29119248 1.95521E+34 5.11455E-35
Ao 35 0.0457624 | -1.339491243 35.80335563 6.35851E+35 1.57269E-36
Ao 36 0.0004984 | -3.302423177 49.54387917 3.49848E+49 2.85839E-50
Ao 37 0.0109817 | -1.959330576 40.14223096 1.38749E+40 7.20724E-41
Ao 38 0.0677935| -1.168811972 34.60860073 4.0607E+34 2.46263E-35
Ao 39 0.22754812 | -0.642926753 30.9274042 8.46066E+30 1.18194E-31
Ac 40 0.07843854 | -1.105470512 34.16521051 1.46289E+34 6.8358E-35
Ac 41 0.0226367 | -1.645186872 37.94322503 8.77455E+37 1.13966E-38
Ac 42 0.03510607 | -1.454617789 36.60924145 4.06669E+36 2.459E-37
Ac 43 0.10863961 | -0.964011792 33.17499947 1.49623E+33 6.68345E-34
Ao 44 0.09715576| -1.012531463 33.51463717 3.27067E+33 3.05747E-34
Ao 45 0.07300505 | -1.136647083 34.38344651 2.41795E+34 4.13574E-35
Ao 46 0.02215335| -1.654560629 38.00884133 1.02057E+38 9.79848E-39
Ac 47 0.07543686 | -1.122416389 34.28383165 1.92235E+34 5.20198E-35
Ao 48 0.12654811| -0.89774434 32.7111273 5.14194E+32 1.94479E-33
Ac 49 0.00615945 | -2.210457747 41.90012115 7.9455E+41 1.25857E-42
Ao 50 0.04775599 | -1.320972141 35.67372192 4.71761E+35 2.11972E-36
Ao 51 0.11686413 | -0.932318769 32.95314831 8.97735E+32 1.11391E-33
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Ao 52 0.00037803 | -3.422472993 50.38422788 2.4223E+50 4.12831E-51
Ao 53 0.0198626 | -1.701964008 38.34066498 2.19111E+38 4.56389E-39
Ao 54 0.03092704 | -1.509661583 36.99454801 9.87525E+36 1.01263E-37
Ao 55 0.03487098 | -1.457535897 36.62966821 4.26254E+36 2.34602E-37
Ao 56 0.24928018 | -0.603312255 30.65010271 4.46789E+30 2.23819E-31
Ao 57 0.01677252 | -1.775401583 38.85472801 7.15695E+38 1.39724E-39
Ao 58 0.01787464 | -1.747762623 38.66125529 4.58411E+38 2.18145E-39
Ao 59 0.29738599 | -0.526679499 30.11367342 1.29919E+30 7.69709E-31
Ao 60 0.00112845 -2.9475178 47.05954153 1.14694E+47 8.71884E-48
Ao 61 0.00050216 | -3.299157789 49.52102145 3.31911E+49 3.01286E-50
Ao 62 0.00021817 | -3.661211062 52.05539436 1.13604E+52 8.80249E-53
Ao 63 0.0328849 | -1.483003414 36.80794083 6.426E+36 1.55618E-37
Ao 64 0.15069505 | -0.821901008 32.18022399 1.51434E+32 6.60353E-33
Ao 65 0.4157171| -0.381202109 29.09533169 1.24547E+29 8.02913E-30
Ao 66 0.04132007 | -1.383838994 36.11378988 1.29954E+36 7.69503E-37
Ao 67 0.08436685 | -1.073828176 33.94371416 8.78444E+33 1.13838E-34
Ao 68 0.04170017 | -1.379862222 36.08595248 1.21886E+36 8.20441E-37
Ao 69 0.09168936 | -1.037681068 33.6906844 4.90551E+33 2.03852E-34
Ao 70 0.01699332 | -1.769721667 38.8149686 6.53083E+38 1.5312E-39
Ac 71 0.11821771| -0.927317474 32.91813925 8.28208E+32 1.20743E-33
Ao 72 0.0391305 | -1.407484631 36.27930935 1.90243E+36 5.25643E-37
Ac 73 0.06211845 | -1.206779411 34.87437281 7.48812E+34 1.33545E-35
Ac 74 0.01260189 | -1.899564432 39.72386795 5.29502E+39 1.88857E-40
Ac 75 2.3886E-05| -4.62186533 58.77997424 6.02524E+58 1.65969E-59
Ac 76 0.00656795 | -2.182569943 41.70490653 5.06882E+41 1.97285E-42
Ao 77 0.04528057 | -1.344088144 35.83553393 6.84753E+35 1.46038E-36
Ac 78 0.01311699 | -1.882165686 39.60207673 4.00015E+39 2.4999E-40
Ao 79 0.00100015 | -2.999933784 47.42645342 2.66964E+47 3.74582E-48
Ao 80 0.02573759 | -1.589432183 37.55294221 3.57225E+37 2.79935E-38
Ao 81 0.04486246 | -1.348116939 35.8637355 7.30694E+35 1.36856E-36
Ao 82 0.02454867 | -1.609972022 37.69672108 4.97418E+37 2.01038E-38
Ao 83 0.00076921 | -3.113956361 48.22461146 1.6773E+48 5.96195E-49
Ao 84 0.01418779 | -1.848085218 39.36351345 2.30948E+39 4.32999E-40
Ao 85 0.03587041 | -1.445263704 36.54376286 3.49754E+36 2.85915E-37
Ao 86 0.02418952 | -1.616372701 37.74152584 5.51475E+37 1.81332E-38
Ao 87 0.00091154 | -3.040222912 47.70847731 5.11066E+47 1.95669E-48
Ao 88 0.00923222 | -2.034693713 40.66977292 4.67491E+40 2.13908E-41
Ao 89 0.02983608 | -1.525258266 37.10372479 1.26977E+37 7.87545E-38
Ac 90 0.02264108 | -1.645102807 37.94263657 8.76267E+37 1.1412E-38
Ao 91 0.00054286 | -3.265312535 49.28410467 1.92356E+49 5.19871E-50
Ao 92 0.0041545 | -2.381481199 43.09728532 1.25108E+43 7.99309E-44
Ao 93 0.02389184 | -1.621750445 37.77917004 6.01409E+37 1.66276E-38
Ac 94 0.02121113| -1.67343619 38.14097026 1.38347E+38 7.22819E-39
Ao 95 0.00102809 | -2.987967643 47.34269043 2.20136E+47 4.54265E-48
Ao 96 0.00101517| -2.993460308 47.38113908 2.40513E+47 4.15777E-48
Ac 97 0.01914443 | -1.717957537 38.45261968 2.83543E+38 3.5268E-39
Ac 98 0.01912758 | -1.718339984 38.45529682 2.85297E+38 3.50512E-39
Ao 99 0.01703634 | -1.768623789 38.80728345 6.41628E+38 1.55853E-39




Ac 100 0.01732727 | -1.761269865 38.75580598 5.6991E+38 1.75466E-39
Ac 101 0.01572013 | -1.803543822 39.05172368 1.12648E+39 8.87721E-40
Ao 102 0.01527404 | -1.816046171 39.13924012 1.37797E+439 7.25705E-40
Ac 103 0.01359639 | -1.866576408 39.49295178 3.11137E+39 3.21402E-40
Ac 104 0.01330015| -1.87614338 39.55992059 3.63012E+39 2.75473E-40
Ao 105 0.01207501 | -1.918112376 39.85370356 7.14009E+39 1.40054E-40
Ao 106 0.01156078 | -1.937012903 39.98600725 9.68294E+39 1.03274E-40
Ao 107 0.01044715| -1.981002188 40.29393224 1.96758E+40 5.08239E-41
Ao 108 0.00988887 | -2.004853425 40.4608909 2.88995E+40 3.46026E-41
Ao 109 0.00902705 | -2.044454053 40.7380953 5.47136E+40 1.8277E-41
Ac 110 0.00846708 | -2.072266454 40.93278211 8.56608E+40 1.1674E-41
Ac 111 0.00780776| -2.107473424 41.17923089 1.51088E+41 6.61865E-42
Ac 112 0.00725732 | -2.139223534 41.40148166 2.52047E+41 3.96751E-42
Ac 113 0.00680152 | -2.167393791 41.59867347 3.96893E+41 2.51957E-42
Ac 114 0.00628515 | -2.201684697 41.83870981 6.89779E+41 1.44974E-42
Ao 115 0.00601592 | -2.220698256 41.97180472 9.37141E+41 1.06708E-42
Ao 116 0.00555998 | -2.254926424 42.21140189 1.62705E+42 6.14608E-43
Ao 117 0.00536412 | -2.270501257 42.32042572 2.09135E+42 4.78161E-43
Ao 118 0.00493052 | -2.307107592 42.57667007 3.77285E+42 2.65051E-43
Ao 119 0.00476251 | -2.322164186 42.68206623 4.80913E+42 2.07938E-43
Ao 120 0.00437097 | -2.359421715 42.94286893 8.76736E+42 1.14059E-43
Ac 121 0.00416738 | -2.380136533 43.08787266 1.22426E+43 8.16822E-44
Ao 122 0.00385509 | -2.413966037 43.32467919 2.11193E+43 4.73501E-44
Ac 123 0.00369303 | -2.432617576 43.45523996 2.85259E+43 3.50558E-44
Ac 124 0.00340927 | -2.467338564 43.69828688 4.99214E+43 2.00315E-44
Ao 125 0.00322029 | -2.492104666 43.87164959 7.44131E+43 1.34385E-44
Ao 126 0.00300144 | -2.522670179 44.08560818 1.21789E+44 8.21092E-45
Ao 127 0.0028203 | -2.549704335 44.27484727 1.88299E+44 5.31071E-45
Ao 128 0.00262904 | -2.580202266 44.48833279 3.07845E+44 3.24838E-45
Ao 129 0.00247276 | -2.606817944 44.67464253 4.72762E+44 2.11523E-45
Ao 130 0.00232935| -2.632764624 44.8562693 7.1824E+44 1.39229E-45
DANO TOTAL 8.30603E-28
11.7 Trentipo 7
11.71  Armadura activa
Ac (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)
Ac 1 0.00054215| -3.265883319 43.41545196 2.60287E+43 3.84192E-44
Ac 2 0.00019651 | -3.706622191 46.50062406 3.16682E+46 3.15774E-47
Ac 3 0.00010362 | -3.984536419 48.44602366 2.7927E+48 3.58077E-49
Ac 4 2.0105E-05 | -4.696706687 53.43121553 2.69908E+53 3.70497E-54
Ac 5 0.00045916 | -3.338031958 43.92049243 8.32707E+43 1.2009E-44
Ac 6 0.00572616 | -2.242136372 36.24922333 1.7751E+36 5.63348E-37
Ac7 0.0480182 | -1.318594138 29.78442769 6.08734E+29 1.64275E-30
Ac 8 0.00016677 | -3.777884693 46.99946157 9.98761E+46 1.00124E-47
Ac 9 0.00032637 | -3.486296254 44.9583425 9.08537E+44 1.10067E-45

36




Ac 10 0.00512693 | -2.290142636 36.58526717 3.84828E+36 2.59856E-37
Ac 11 0.03902305 | -1.408678814 30.41502042 2.60028E+30 3.84574E-31
Ao 12 0.01868159 | -1.728586266 32.65437258 4.51204E+32 2.21629E-33
Ao 13 0.01224958 | -1.911878815 33.93742043 8.65806E+33 1.15499E-34
Ao 14 0.54119894 | -0.266643061 22.42077015 2.63494E+22 3.79516E-23
Ao 15 0.04069445 | -1.390464793 30.28752227 1.93875E+30 5.15796E-31
Ao 16 0.11412789 | -0.942608225 27.1525263 1.42078E+27 7.0384E-28
Ao 17 0.01153678 | -1.937915515 34.11967732 1.31728E+34 7.59141E-35
Ao 18 0.00594323 | -2.225977697 36.1361126 1.36808E+36 7.3095E-37
Ac 19 0.02419944 | -1.616194753 31.86763199 7.37279E+31 1.35634E-32
Ao 20 0.00078261 | -3.106454467 42.29944999 1.99274E+42 5.01822E-43
Ac 21 0.00069935 | -3.155303035 42.64138996 4.37915E+42 2.28355E-43
Ao 22 0.02065656 | -1.684942091 32.34886336 2.23287E+32 4.47854E-33
Ao 23 0.01364252 | -1.865105293 33.61000577 4.07386E+33 2.45468E-34
Ao 24 0.06787191 | -1.168309954 28.7324384 5.40056E+28 1.85166E-29
Ao 25 0.00707679 | -2.150163395 35.60541249 4.031E+35 2.48078E-36
Ao 26 0.0339699 | -1.468905782 30.83660919 6.8645E+30 1.45677E-31
Ao 27 3.3303E-05| -4.477522329 51.89692503 7.88724E+51 1.26787E-52
Ao 28 0.00029076 | -3.53646982 45.30955746 2.03966E+45 4.90278E-46
Ao 29 0.00367353 | -2.43491653 37.59868443 3.96903E+37 2.51951E-38
Ao 30 0.00037401 | -3.427112826 44.5440585 3.49992E+44 2.85721E-45
Ao 31 0.02673555| -1.572910804 31.56464435 3.66982E+31 2.72493E-32
Ao 32 0.00662465 | -2.178837161 35.80612885 6.39925E+35 1.56268E-36
Ao 33 0.13035008 | -0.884888705 26.74848966 5.60389E+26 1.78447E-27
Ao 34 0.01353877| -1.86842069 33.63321355 4.29748E+33 2.32695E-34
Ao 35 0.03315783 | -1.479413954 30.9101664 8.13142E+30 1.2298E-31
Ao 36 0.14270149 | -0.845571503 26.47326924 2.97351E+26 3.36303E-27
Ao 37 0.11463127 | -0.940696905 27.13914706 1.37768E+27 7.2586E-28
Ao 38 0.00252971 | -2.596928577 38.73276876 5.40466E+38 1.85025E-39
Ao 39 0.02980323 | -1.525736622 31.23442508 1.71564E+31 5.82874E-32
Ao 40 0.08518412| -1.06964138 28.04175838 1.10093E+28 9.08326E-29
Ac 41 0.0025912 | -2.586499795 38.65976728 4.56843E+38 2.18893E-39
Ao 42 0.06791546 | -1.168031381 28.73048839 5.37636E+28 1.85999E-29
Ac 43 0.13032574 | -0.884969796 26.74905729 5.61122E+26 1.78214E-27
Ac 44 0.00887257| -2.05195049 34.91792215 8.27794E+34 1.20803E-35
Ac 45 0.02704552 | -1.567904592 31.52960086 3.38533E+31 2.95392E-32
Ao 46 0.09049331 | -1.043383511 27.8579533 7.2103E+27 1.3869E-28
Ac 47 0.00995875| -2.00179528 34.56683568 3.68838E+34 2.71122E-35
Ac 48 0.07182851| -1.143703161 28.56019085 3.63238E+28 2.75302E-29
Ao 49 0.13950444 | -0.855411969 26.5421525 3.4846E+26 2.86977E-27
Ao 50 0.01440336 | -1.841536218 33.44502224 2.78626E+33 3.58904E-34
Ao 51 0.02719667 | -1.565484318 31.51265894 3.25581E+31 3.07143E-32
Ao 52 0.00048161 | -3.317307832 43.77542355 5.96243E+43 1.67717E-44
Ao 53 0.00012809 | -3.892495677 47.80173846 6.33488E+47 1.57856E-48
Ao 54 0.09433335| -1.02533472 27.73161176 5.39029E+27 1.85519E-28
Ao 55 0.01541781| -1.811977417 33.23811064 1.73026E+33 5.77949E-34
Ao 56 0.07410845| -1.13013226 28.46519454 2.91873E+28 3.42614E-29
Ao 57 0.14377742| -0.842309328 26.45043401 2.8212E+26 3.54459€E-27




Ao 58 0.01892226 | -1.723026979 32.61545758 4.12532E+32 2.42405E-33
Ao 59 0.0304616 | -1.516247303 31.16799984 1.47231E+31 6.79204E-32
Ao 60 0.09972709 | -1.001186856 27.56257671 3.65239E+27 2.73794E-28
Ao 61 0.02040551| -1.69025264 32.3860372 2.43241E+32 4.11115E-33
Ao 62 0.07744383 | -1.111013168 28.3313609 2.14467E+28 4.66272E-29
Ao 63 0.14666321 | -0.833678812 26.3900204 2.45482E+26 4.07361E-27
Ao 64 0.02096012 | -1.678606206 32.30451217 2.0161E+32 4.96007E-33
Ao 65 0.03164512| -1.49969324 31.0521214 1.12751E+31 8.86908E-32
Ao 66 0.09999607 | -1.000017061 27.55438815 3.58417E+27 2.79005E-28
Ao 67 0.00979864 | -2.008834242 34.61610842 4.13151E+34 2.42042E-35
Ao 68 0.08180903 | -1.087198761 28.16466005 1.46103E+28 6.84447E-29
Ao 69 0.14080708 | -0.851375499 26.51389721 3.26511E+26 3.06269E-27
Ac 70 0.02978274 | -1.526035363 31.23651626 1.72392E+31 5.80074E-32
Ac 71 0.02603492 | -1.584443756 31.64537501 4.41952E+31 2.26269E-32
Ao 72 0.11069004 | -0.955891466 27.24550898 1.75999E+27 5.68187E-28
Ao 73 0.01346961 -1.8706451 33.64878442 4.45435E+33 2.245E-34
Ao 74 0.07911664 | -1.101732138 28.26639369 1.84669E+28 5.4151E-29
Ao 75 0.20241555 | -0.693756137 25.41056168 2.57372E+25 3.88542E-26
Ao 76 0.0101291 | -1.994429017 34.51527184 3.27546E+34 3.05301E-35
Ao 77 0.06657823 | -1.176667757 28.79094302 6.17935E+28 1.61829E-29
Ao 78 0.06166098 | -1.209989591 29.02419586 1.05729E+29 9.45811E-30
Ao 79 0.04757784 | -1.322595315 29.81243592 6.49286E+29 1.54015E-30
Ao 80 0.03610126 | -1.442477638 30.65161219 4.48345E+30 2.23043E-31
Ao 81 0.27737449 | -0.556933478 24.45280307 2.83663E+24 3.52531E-25
Ac 82 0.01184931 | -1.926306996 34.0384177 1.09249E+34 9.1534E-35
Ao 83 0.05145758 | -1.288550602 29.57412294 3.75079E+29 2.6661E-30
Ao 84 0.04734984 | -1.32468147 29.82703901 6.71489E+29 1.48923E-30
Ao 85 0.05076617 | -1.294425581 29.61524779 4.12333E+29 2.42523E-30
Ao 86 0.06035091 | -1.219316203 29.08948214 1.2288E+29 8.138E-30
Ao 87 0.07668709 | -1.115277715 28.36121272 2.29727E+28 4.35299E-29
Ao 88 0.00979505 | -2.008993229 34.61722132 4.14211E+34 2.41423E-35
Ao 89 0.06213567 | -1.206659031 29.00088194 1.00203E+29 9.97971E-30
Ao 90 0.01035005 | -1.985057443 34.44967082 2.81625E+34 3.55082E-35
Ac 91 0.07622097 | -1.117925505 28.37974725 2.39744E+28 4.17112E-29
Ac 92 0.03204615 | -1.494224168 31.0138379 1.03238E+31 9.68639E-32
Ac 93 0.05164395| -1.28698054 29.5631325 3.65706E+29 2.73443E-30
Ac 94 0.06204101| -1.20732113 29.00551663 1.01278E+29 9.87378E-30
Ac 95 0.0639668 -1.1940454 28.91258652 8.17686E+28 1.22296E-29
Ao 96 0.04981013 | -1.302682303 29.67304484 4.71026E+29 2.12303E-30
Ao 97 0.03976877 | -1.400457851 30.35747368 2.27758E+30 4.39062E-31
Ao 98 0.04599327| -1.33730567 29.91540841 8.23016E+29 1.21504E-30
Ao 99 0.0487871 | -1.311694966 29.73613349 5.4467E+29 1.83597E-30
Ac 100 0.04100506 | -1.38716252 30.26440636 1.83826E+30 5.43993E-31
Ac 101 0.03198583 | -1.495042351 31.01956518 1.04608E+31 9.55949E-32
Ac 102 0.03440283 | -1.463405838 30.79810959 6.28217E+30 1.59181E-31
Ao 103 0.03983909 | -1.399690604 30.35210295 2.24959E+30 4.44526E-31
Ac 104 0.03345576 | -1.475529156 30.88297281 7.63788E+30 1.30926E-31
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Ao 105 0.02573117| -1.589540385 31.68105142 4.7979E+31 2.08424E-32
Ao 106 0.02737209 | -1.562691968 31.4931125 3.11252E+31 3.21283E-32
Ac 107 0.03087583 | -1.510381335 31.12693806 1.33949E+31 7.46555E-32
Ao 108 0.02620994 | -1.581534014 31.62500682 4.21703E+31 2.37134E-32
Ao 109 0.01758064 | -1.754965288 32.83902574 6.90281E+32 1.44869E-33
Ao 110 0.01830176 | -1.737507214 32.71681922 5.20978E+32 1.91947E-33
Ac 111 0.02395556 | -1.620593692 31.89842456 7.91452E+31 1.2635E-32
Ao 112 0.02143416 | -1.668893577 32.23652376 1.72395E+32 5.80064E-33
Ac 113 0.01493259 | -1.825864921 33.33532317 2.16433E+33 4.62037E-34
Ac 114 0.01487381 | -1.827577804 33.34731335 2.22491E+33 4.49455E-34
Ao 115 0.01910722 | -1.718802542 32.58588652 3.85378E+32 2.59486E-33
Ao 116 0.01793001| -1.74641945 32.77920487 6.01457E+32 1.66263E-33
Ao 117 0.01169126 | -1.932138602 34.07923893 1.20016E+34 8.33223E-35
Ao 118 0.01044708 | -1.981005148 34.42130476 2.63818E+34 3.79049E-35
Ao 119 0.01428574 | -1.845097355 33.46995021 2.95087E+33 3.38883E-34
Ao 120 0.01393612 -1.855858 33.54527472 3.50974E+33 2.84922E-34
Ao 121 0.00874928 | -2.058027922 34.96046418 9.12986E+34 1.09531E-35
Ao 122 0.00705461 | -2.151526978 35.61495757 4.12057E+35 2.42685E-36
Ao 123 0.01082078 | -1.965741258 34.31445753 2.0628E+34 4.84778E-35
Ao 124 0.01187208 | -1.925473103 34.03258044 1.0779E+34 9.27726E-35
Ao 125 0.00773307 | -2.111647885 35.33580392 2.16673E+35 4.61526E-36
Ao 126 0.00580292 | -2.236353377 36.20874236 1.61712E+36 6.18383E-37
Ao 127 0.00859088 | -2.065962191 35.01600406 1.03754E+35 9.6382E-36
Ao 128 0.00971728| -2.01245536 34.64145624 4.37982E+34 2.2832E-35
Ao 129 0.00620732 | -2.207096136 36.00394168 1.00912E+36 9.90965E-37
Ao 130 0.00369843 | -2.431982709 37.57814768 3.78571E+37 2.64151E-38
Ao 131 0.00594164 | -2.226093774 36.13692514 1.37065E+36 7.29583E-37
Ao 132 0.00759949 | -2.119215473 35.38877703 2.44781E+35 4.08529E-36
Ao 133 0.00495897 | -2.304608561 36.68652865 4.8588E+36 2.05812E-37
Ao 134 0.00268292 | -2.571392505 38.55401625 3.5811E+38 2.79244E-39
Ao 135 0.00448459 | -2.348277517 36.99221134 9.82226E+36 1.0181E-37
Ao 136 0.00643161 | -2.191680373 35.89603133 7.87103E+35 1.27048E-36
Ao 137 0.00462246 | -2.335126846 36.90015664 7.94615E+36 1.25847E-37
Ao 138 0.00217696 | -2.662148955 39.18931141 1.54636E+39 6.46679E-40
Ao 139 0.00322781| -2.49109169 37.99191055 9.81546E+37 1.0188E-38
Ac 140 0.00505375 | -2.296385925 36.62897019 4.25569E+36 2.34979E-37
Ao 141 0.00375047 | -2.425914667 37.53567139 3.43298E+37 2.91292E-38
Ao 142 0.00141086 | -2.850515119 40.50787455 3.22014E+40 3.10546E-41
Ao 143 0.00200377 | -2.698152589 39.44133685 2.76272E+39 3.61962E-40
Ao 144 0.00391525 | -2.407240019 37.40494885 2.54067E+37 3.93596E-38
Ao 145 0.00321885 | -2.492298695 38.00035959 1.00083E+38 9.99172E-39
Ao 146 0.00114653 | -2.940613931 41.13856624 1.37583E+41 7.26832E-42
Ao 147 0.00146395 | -2.834474145 40.39558774 2.4865E+40 4.02172E-41
Ac 148 0.0032308 | -2.490690328 37.98910102 9.75216E+37 1.02541E-38
Ao 149 0.00294057 | -2.531568058 38.27524512 1.88471E+38 5.30585E-39
Ao 150 0.00104274 | -2.981825007 41.42704377 2.67328E+41 3.74073E-42
Ao 151 0.00086506 | -3.062955378 41.99495637 9.88454E+41 1.01168E-42
Ao 152 0.00237507 | -2.624323408 38.92453258 8.4049E+38 1.18978E-39




Ao 153 0.00240389 | -2.61908555 38.88786757 7.72445E+38 1.29459E-39
Ao 154 0.00075733| -3.120714607 42.39927097 2.50767E+42 3.98776E-43
Ao 155 0.00043479 | -3.361721783 44.0863212 1.21989E+44 8.19745E-45
Ao 156 0.0018234 | -2.739117765 39.72809308 5.34679E+39 1.87028E-40
Ao 157 0.00211785 | -2.674104348 39.27299916 1.87499E+39 5.33336E-40
Ao 158 0.00077943 | -3.108222105 42.31182346 2.05033E+42 4.87727E-43
Ao 159 0.00028446 | -3.545983882 45.37615589 2.37769E+45 4.20576E-46
Ao 160 0.0014047 | -2.852414962 40.52117345 3.32027E+40 3.0118E-41
Ao 161 0.00185375 | -2.731948818 39.67791045 4.76333E+39 2.09937E-40

DANO TOTAL 3.83669E-23

1.1.7.2  Armadura pasiva
Ao (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)

Ac 1 0.00079606 | -3.099056693 48.12031378 1.31921E+48 7.5803E-49
Ac 2 0.00028854 | -3.539795565 51.20548588 1.60504E+51 6.23037E-52
Ac 3 0.00015216 | -3.817709793 53.15088548 1.41542E+453 7.06504E-54
Ac 4 2.952E-05| -4.529880061 58.13607735 1.36797E+58 7.31009E-59
Ao 5 0.00067421 | -3.171205331 48.62535425 4.22041E+48 2.36944E-49
Ac 6 0.00840795 | -2.075309746 40.95408515 8.99674E+40 1.11151E-41
Ac 7 0.07050704 | -1.151767512 34.48928951 3.08524E+34 3.24123E-35
Ac 8 0.00024487 | -3.611058067 51.70432339 5.06201E+51 1.9755E-52
Ac 9 0.00047921 | -3.319469627 49.66320432 4.60473E+49 2.17168E-50
Ac 10 0.00752808 | -2.12331601 41.29012899 1.95042E+41 5.12709E-42
Ac 11 0.0572991 | -1.241852188 35.11988224 1.3179E+35 7.58783E-36
Ac 12 0.02743092 | -1.56175964 37.35923441 2.28683E+37 4.37286E-38
Ac 13 0.01798655 | -1.745052189 38.64228225 4.38816E+38 2.27886E-39
Ac 14 0.79466405 | -0.099816435 27.12563197 1.33546E+27 7.48804E-28
Ao 15 0.05975329 | -1.223638166 34.99238409 9.82617E+34 1.01769E-35
Ao 16 0.16757854 | -0.775781598 31.85738812 7.20092E+31 1.38871E-32
Ac 17 0.01693991 | -1.771088888 38.82453914 6.67635E+38 1.49782E-39
Ac 18 0.00872668 -2.05915107 40.84097442 6.93385E+40 1.4422E-41
Ac 19 0.035533 | -1.449368126 36.57249381 3.73675E+36 2.67612E-37
Ac 20 0.00114914| -2.939627841 47.00431181 1.00998E+47 9.90121E-48
Ao 21 0.00102689 | -2.988476408 47.34625178 2.21948E+47 4.50555E-48
Ao 22 0.03033085 | -1.518115465 37.05372518 1.13168E+37 8.83639E-38
Ao 23 0.02003186 | -1.698278666 38.31486759 2.06475E+38 4.8432E-39
Ac 24 0.09965903 | -1.001483327 33.43730022 2.73716E+33 3.65342E-34
Ao 25 0.01039114 | -1.983336768 40.31027431 2.04303E+40 4.8947E-41
Ao 26 0.04987936 | -1.302079155 35.54147101 3.47913E+35 2.87428E-36
Ao 27 4.8899E-05| -4.310695703 56.60178685 3.99749E+56 2.50157E-57
Ao 28 0.00042693 | -3.369643194 50.01441928 1.03376E+50 9.67343E-51
Ao 29 0.00539399 | -2.268089904 42.30354625 2.01162E+42 4.97111E-43
Ao 30 0.00054918 | -3.260286199 49.24892032 1.77386E+49 5.63741E-50
Ao 31 0.03925688 | -1.406084178 36.26950617 1.85997E+36 5.37643E-37
Ao 32 0.00972724 | -2.012010535 40.51099067 3.24333E+40 3.08325E-41
Ao 33 0.19139823 | -0.718062079 31.45335148 2.84022E+31 3.52086E-32
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Ao 34 0.01987952 | -1.701594064 38.33807537 2.17809E+38 4.59118E-39
Ao 35 0.04868696 | -1.312587327 35.61502822 4.12124E+35 2.42645E-36
Ao 36 0.2095343 | -0.678744877 31.17813106 1.50706E+31 6.63543E-32
Ao 37 0.16831767 | -0.773870278 31.84400888 6.98247E+31 1.43216E-32
Ao 38 0.00371448 | -2.430101951 43.43763058 2.73924E+43 3.65064E-44
Ao 39 0.04376128 | -1.358909996 35.9392869 8.69535E+35 1.15004E-36
Ao 40 0.12507924 | -0.902814753 32.7466202 5.57982E+32 1.79217E-33
Ac 41 0.00380476 | -2.419673168 43.3646291 2.31542E+43 4.31888E-44
Ao 42 0.09972298 | -1.001204755 33.43535021 2.7249E+33 3.66986E-34
Ac 43 0.1913625| -0.71814317 31.45391911 2.84393E+31 3.51626E-32
Ac 44 0.01302795| -1.885123863 39.62278397 4.1955E+39 2.3835E-40
Ao 45 0.03971203 | -1.401077965 36.23446268 1.71578E+36 5.82824E-37
Ao 46 0.13287495 | -0.876556885 32.56281512 3.65439E+32 2.73643E-33
Ac 47 0.01462283 | -1.834968653 39.2716975 1.86938E+39 5.34937E-40
Ac 48 0.10546867 | -0.976876535 33.26505267 1.841E+33 5.43184E-34
Ao 49 0.20483995 | -0.688585343 31.24701432 1.7661E+31 5.66221E-32
Ao 50 0.02114903 | -1.674709591 38.14988406 1.41216E+38 7.08135E-39
Ao 51 0.03993395 | -1.398657691 36.21752076 1.65014E+36 6.06009E-37
Ao 52 0.00070716 | -3.150481206 48.48028537 3.02194E+48 3.30914E-49
Ao 53 0.00018807 | -3.725669051 52.50660028 3.2107E+52 3.11458E-53
Ao 54 0.13851344 | -0.858508093 32.43647358 2.73196E+32 3.66038E-33
Ao 55 0.02263858 | -1.64515079 37.94297246 8.76945E+37 1.14032E-38
Ao 56 0.1088164 | -0.963305634 33.17005636 1.4793E+33 6.75995E-34
Ao 57 0.21111413| -0.675482701 31.15529584 1.42987E+31 6.99365E-32
Ao 58 0.02778431| -1.556200353 37.3203194 2.09083E+37 4.78278E-38
Ao 59 0.04472798 | -1.349420676 35.87286166 7.46211E+35 1.3401E-36
Ao 60 0.14643327 | -0.834360229 32.26743853 1.85114E+32 5.40209E-33
Ao 61 0.02996222 | -1.523426013 37.09089902 1.23282E+37 8.1115E-38
Ao 62 0.11371387 | -0.944186542 33.03622272 1.08698E+33 9.19978E-34
Ao 63 0.21535146 | -0.666852185 31.09488222 1.24418E+31 8.03744E-32
Ao 64 0.03077658 | -1.51177958 37.00937399 1.02182E+37 9.78647E-38
Ao 65 0.0464658 | -1.332866614 35.75698322 5.71457E+35 1.74991E-36
Ao 66 0.14682823 | -0.833190434 32.25924997 1.81656E+32 5.50491E-33
Ao 67 0.01438773 | -1.842007616 39.32097024 2.09397E+39 4.77562E-40
Ao 68 0.12012347| -0.920372135 32.86952187 7.40495E+32 1.35045E-33
Ao 69 0.20675267 | -0.684548872 31.21875903 1.65485E+31 6.04284E-32
Ac 70 0.04373119| -1.359208737 35.94137808 8.73732E+35 1.14452E-36
Ac 71 0.03822811| -1.41761713 36.35023683 2.23994E+36 4.4644E-37
Ac 72 0.16253061| -0.78906484 31.95037081 8.92012E+31 1.12106E-32
Ao 73 0.01977796 | -1.703818473 38.35364624 2.2576E+38 4.42949E-39
Ao 74 0.11617013 | -0.934905511 32.97125551 9.35956E+32 1.06843E-33
Ao 75 0.29721484 | -0.526929511 30.1154235 1.30444E+30 7.66614E-31
Ao 76 0.01487297| -1.82760239 39.22013366 1.6601E+39 6.02374E-40
Ao 77 0.09775948 | -1.009841131 33.49580484 3.13188E+33 3.19297E-34
Ao 78 0.09053928 | -1.043162965 33.72905768 5.35868E+33 1.86613E-34
Ac 79 0.06986044 | -1.155768688 34.51729774 3.29077E+34 3.0388E-35
Ao 80 0.05300892 | -1.275651012 35.35647401 2.27234E+35 4.40074E-36
Ao 81 0.40728006 | -0.390106852 29.15766489 1.43769E+29 6.95561E-30




Ao 82 0.01739881| -1.75948037 38.74327952 5.53706E+38 1.80601E-39
Ao 83 0.07555723 | -1.121723976 34.27898476 1.90101E+34 5.26036E-35
Ao 84 0.06952567 | -1.157854843 34.53190083 3.4033E+34 2.93832E-35
Ao 85 0.074542 | -1.127598954 34.32010961 2.08982E+34 4.78509E-35
Ao 86 0.08861565 | -1.052489577 33.79434396 6.22793E+33 1.60567E-34
Ao 87 0.11260273 | -0.948451088 33.06607454 1.16433E+33 8.58866E-34
Ao 88 0.01438247 | -1.842166602 39.32208314 2.09934E+39 4.7634E-40
Ao 89 0.09123629 | -1.039832405 33.70574376 5.0786E+33 1.96905E-34
Ao 90 0.0151974 | -1.818230816 39.15453264 1.42736E+39 7.00596E-40
Ac 91 0.1119183 | -0.951098878 33.08460907 1.21509E+33 8.22983E-34
Ac 92 0.04705464 | -1.327397541 35.71869972 5.23239E+35 1.91117E-36
Ac 93 0.07583088 | -1.120153913 34.26799432 1.85351E+34 5.39518E-35
Ac 94 0.0910973 | -1.040494504 33.71037845 5.13308E+33 1.94815E-34
Ao 95 0.093925| -1.027218774 33.61744834 4.14427E+33 2.41297E-34
Ao 96 0.07313821| -1.135855676 34.37790666 2.3873E+34 4.18884E-35
Ao 97 0.05839407 | -1.233631225 35.0623355 1.15434E+35 8.66292E-36
Ao 98 0.06753376 | -1.170479044 34.62027023 4.17129E+34 2.39734E-35
Ao 99 0.07163605| -1.14486834 34.44099531 2.76055E+34 3.62247E-35
Ao 100 0.06020937 | -1.220335893 34.96926818 9.31683E+34 1.07333E-35
Ac 101 0.04696608 | -1.328215725 35.724427 5.30184E+35 1.88614E-36
Ao 102 0.05051505 | -1.296579212 35.50297141 3.18399E+35 3.14072E-36
Ac 103 0.05849733 | -1.232863978 35.05696477 1.14016E+35 8.77072E-36
Ac 104 0.04912442 | -1.308702529 35.58783463 3.8711E+35 2.58324E-36
Ao 105 0.03778211| -1.422713759 36.38591324 2.43172E+36 4.11232E-37
Ao 106 0.04019154 | -1.395865342 36.19797432 1.57752E+36 6.33907E-37
Ao 107 0.04533622 | -1.343554708 35.83179989 6.78891E+35 1.47299E-36
Ac 108 0.0384851 | -1.414707387 36.32986864 2.13732E+36 4.67877E-37
Ao 109 0.02581436 | -1.588138662 37.54388756 3.49855E+37 2.85833E-38
Ac 110 0.0268732 | -1.570680588 37.42168104 2.64047E+37 3.78721E-38
Ac 111 0.03517491 | -1.453767065 36.60328638 4.01131E+36 2.49295E-37
Ac 112 0.03147263 | -1.50206695 36.94138558 8.73747E+36 1.1445E-37
Ac 113 0.02192612 | -1.659038294 38.04018499 1.09695E+38 9.11622E-39
Ac 114 0.02183981 | -1.660751178 38.05217517 1.12765E+38 8.86798E-39
Ao 115 0.02805589 | -1.551975916 37.29074834 1.95321E+37 5.11978E-38
Ao 116 0.02632735| -1.579592823 37.48406669 3.04836E+37 3.28045E-38
Ao 117 0.01716675| -1.765311975 38.78410075 6.08276E+38 1.64399E-39
Ao 118 0.01533986 | -1.814178522 39.12616658 1.33711E+39 7.47883E-40
Ao 119 0.02097632 | -1.678270729 38.17481203 1.49559E+38 6.68633E-39
Ao 120 0.02046297 | -1.689031374 38.25013654 1.77884E+38 5.62165E-39
Ac 121 0.01284691 | -1.891201296 39.665326 4.62728E+39 2.1611E-40
Ao 122 0.01035857 | -1.984700351 40.31981939 2.08843E+40 4.78829E-41
Ao 123 0.01588859 | -1.798914632 39.01931935 1.04549E+39 9.5649E-40
Ac 124 0.01743225| -1.758646477 38.73744226 5.46314E+38 1.83045E-39
Ao 125 0.01135478 | -1.944821258 40.04066574 1.09816E+40 9.10614E-41
Ao 126 0.00852066 | -2.069526751 40.91360418 8.19604E+40 1.2201E-41
Ao 127 0.01261434 | -1.899135564 39.72086588 5.25855E+39 1.90167E-40
Ao 128 0.01426827 | -1.845628734 39.34631806 2.21982E+39 4.50487E-40
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Ao 129 0.00911445 -2.04026951 40.7088035 5.1145E+40 1.95522E-41
Ao 130 0.00543055 | -2.265156082 42.2830095 1.91871E+42 5.21183E-43
Ao 131 0.00872435 | -2.059267147 40.84178696 6.94683E+40 1.4395E-41
Ao 132 0.01115864 | -1.952388847 40.09363885 1.24062E+40 8.06048E-41
Ao 133 0.00728145 | -2.137781935 41.39139047 2.46258E+41 4.06078E-42
Ao 134 0.00393944 | -2.404565878 43.25887807 1.81501E+43 5.50962E-44
Ao 135 0.0065849 | -2.181450891 41.69707316 4.97821E+41 2.00875E-42
Ao 136 0.00944379 | -2.024853746 40.60089315 3.98927E+40 2.50673E-41
Ao 137 0.00678734 | -2.16830022 41.60501846 4.02734E+41 2.48303E-42
Ao 138 0.00319652 | -2.495322328 43.89417323 7.83742E+43 1.27593E-44
Ao 139 0.00473953 | -2.324265063 42.69677237 4.97476E+42 2.01015E-43
Ao 140 0.00742063 | -2.129559298 41.33383201 2.15691E+41 4.63626E-42
Ao 141 0.00550696 | -2.259088041 42.24053321 1.73994E+42 5.74734E-43
Ao 142 0.00207163 | -2.683688492 45.21273637 1.63206E+45 6.12722E-46
Ao 143 0.00294221 | -2.531325963 44.14619867 1.40023E+44 7.1417E-45
Ao 144 0.00574892 | -2.240413392 42.10981067 1.28769E+42 7.76586E-43
Ao 145 0.00472637 | -2.325472069 42.70522141 5.07249E+42 1.97142E-43
Ao 146 0.0016835| -2.773787305 45.84342806 6.97313E+45 1.43408E-46
Ac 147 0.00214957 | -2.667647519 45.10044956 1.26023E+45 7.93506E-46
Ao 148 0.00474391 | -2.323863702 42.69396284 4.94268E+42 2.02319E-43
Ao 149 0.00431776 | -2.364741431 42.98010694 9.55228E+42 1.04687E-43
Ao 150 0.00153109 | -2.814998381 46.13190559 1.35489E+46 7.38065E-47
Ao 151 0.0012702 | -2.896128752 46.69981819 5.00977E+46 1.9961E-47
Ao 152 0.00348741 | -2.457496782 43.6293944 4.25985E+43 2.3475E-44
Ao 153 0.00352973 | -2.452258924 43.59272939 3.91498E+43 2.55429E-44
Ao 154 0.00111202 | -2.953887981 47.10413279 1.27096E+47 7.86805E-48
Ao 155 0.00063842 | -3.194895157 48.79118303 6.18277E+48 1.6174E-49
Ao 156 0.00267737 | -2.572291139 44.4329549 2.70991E+44 3.69016E-45
Ao 157 0.00310973 | -2.507277722 43.97786098 9.50301E+43 1.0523E-44
Ao 158 0.00114447 | -2.941395479 47.01668528 1.03917E+47 9.62309E-48
Ao 159 0.00041768 | -3.379157255 50.08101771 1.20509E+50 8.29817E-51
Ao 160 0.00206258 | -2.685588335 45.22603528 1.68281E+45 5.94244E-46
Ao 161 0.00272194 | -2.565122192 44.38277227 2.41419E+44 4.14217E-45
DANO TOTAL 7.56997E-28
1.1.8 Trentipo 8
1.1.8.1  Armadura activa
Ao (N/mm2) Log(Ao) Log(N*) N Dafio (1/N)
Ac 1 0.00057018 | -3.243984422 43.26215967 1.82877E+43 5.46815E-44
Ao 2 7.5209E-05| -4.123731819 49.42039145 2.63264E+49 3.79847E-50
Ac 3 5.7733E-05| -4.238579212 50.22432321 1.67619E+50 5.96591E-51
Ac 4 0.00494033 | -2.306243674 36.69797444 4.98855E+36 2.00459E-37
Ao 5 0.0395381 | -1.402984231 30.37515834 2.37224E+30 4.21543E-31
Ac 6 0.00012284 | -3.91067707 47.92900821 8.49197E+47 1.17758E-48
Ao 7 0.01043267 | -1.981604589 34.42550084 2.6638E+34 3.75404E-35
Ac 8 0.00316105| -2.500168119 38.05544556 1.13618E+38 8.80145E-39




Ac 9 0.02187261 | -1.660099358 32.17496423 1.49611E+32 6.68399E-33
Ac 10 0.00206835 | -2.684376937 39.34490728 2.21262E+39 4.51952E-40
Ac 11 0.01155471| -1.937240995 34.11495568 1.30303E+34 7.6744E-35
Ao 12 0.0135877| -1.866853978 33.62224657 4.19031E+33 2.38646E-34
Ao 13 0.010903 | -1.962453858 34.29144573 1.95635E+34 5.11157E-35
Ac 14 0.52002146 | -0.283978736 22.54211987 3.48433E+22 2.86999E-23
Ac 15 0.02571726 | -1.589775227 31.68269531 4.8161E+31 2.07637E-32
Ao 16 0.11584041 | -0.936139926 27.1072482 1.28011E+27 7.81181E-28
Ac 17 0.03815833 | -1.418410596 30.48314289 3.04189E+30 3.28743E-31
Ao 18 0.02906801 | -1.536584627 31.31036111 2.04344E+31 4.89372E-32
Ac 19 0.0001204 | -3.919367824 47.98984349 9.76885E+47 1.02366E-48
Ao 20 0.00041756 | -3.379278077 44.20921526 1.61888E+44 6.1771E-45
Ao 21 2.946E-05| -4.530767841 52.26964361 1.86056E+52 5.37473E-53
Ao 22 0.01674222 | -1.776186863 32.98757676 9.718E+32 1.02902E-33
Ao 23 0.02766418 | -1.55808214 31.4608437 2.88964E+31 3.46064E-32
Ao 24 0.00675017 | -2.170685062 35.74906416 5.61131E+35 1.78212E-36
Ao 25 0.01486319 | -1.827887957 33.34948442 2.23606E+33 4.47214E-34
Ao 26 0.01231811| -1.909456061 33.92046115 8.32647E+33 1.20099E-34
Ao 27 0.06004452 | -1.221526603 29.10495494 1.27337E+29 7.85317E-30
Ao 28 0.01512577| -1.820282555 33.2962466 1.97809E+33 5.05538E-34
Ao 29 0.02559046 | -1.59192193 31.69772223 4.98566E+31 2.00575E-32
Ao 30 0.03467694 | -1.459959294 30.77398378 5.9427E+30 1.68274E-31
Ao 31 0.03080231| -1.511416714 31.13418572 1.36203E+31 7.342E-32
Ao 32 0.02980579 | -1.525699294 31.23416378 1.7146E+31 5.83225E-32
Ao 33 0.03784708 | -1.421967587 30.50804183 3.22138E+30 3.10426E-31
Ao 34 0.03360741| -1.47356495 30.86922337 7.39986E+30 1.35138E-31
Ao 35 0.00069039 | -3.160906912 42.68061711 4.79311E+42 2.08633E-43
Ao 36 0.00040091| -3.39695134 44.3329281 2.15243E+44 4.64592E-45
Ao 37 0.02531635| -1.596598859 31.73046073 5.37602E+31 1.86011E-32
Ao 38 0.01915538 | -1.71770926 32.57823354 3.78646E+32 2.64099E-33
Ao 39 0.02184904 | -1.660567567 32.17824169 1.50745E+32 6.63374E-33
Ac 40 0.03034248 | -1.517948949 31.17991137 1.51325E+31 6.60828E-32
Ac 41 0.02388562 | -1.621863417 31.90731264 8.07816E+31 1.23791E-32
Ac 42 0.018123 | -1.741769931 32.74665824 5.58031E+32 1.79202E-33
Ac 43 0.01985729| -1.70207993 32.46882823 2.94326E+32 3.3976E-33
Ac 44 0.00208141 | -2.681642312 39.32576491 2.11721E+39 4.72319E-40
Ac 45 0.0009978 | -3.00095822 41.56097626 3.63895E+41 2.74804E-42
Ao 46 0.02416998 | -1.616723777 31.87133516 7.43593E+31 1.34482E-32
Ac 47 0.02370246 | -1.625206588 31.93071484 8.5254E+31 1.17297E-32
Ao 48 0.02024924 | -1.693591278 32.40940767 2.56689E+32 3.89576E-33
Ac 49 0.03030277| -1.51851765 31.18389227 1.52719E+31 6.54799E-32
Ao 50 0.03225225| -1.491439952 30.99434838 9.87071E+30 1.0131E-31
Ao 51 0.02253943 | -1.647057043 32.08366802 1.21246E+32 8.24768E-33
Ao 52 0.01526538 | -1.816292296 33.26831479 1.85488E+33 5.3912E-34
Ao 53 0.01914129| -1.718028818 32.58047045 3.80601E+32 2.62742E-33
Ao 54 0.02692128 | -1.56990429 31.54359875 3.49622E+31 2.86023E-32
Ao 55 0.02200147 | -1.657548362 32.15710725 1.43584E+32 6.96454E-33
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Ao 56 0.01756198 | -1.755426546 32.84225455 6.95432E+32 1.43796E-33
Ao 57 0.02350008 | -1.628930616 31.95678304 9.0528E+31 1.10463E-32
Ao 58 0.02767187 | -1.557961509 31.45999928 2.88403E+31 3.46737E-32
Ao 59 0.02212443 | -1.655127904 32.14016405 1.38091E+32 7.24162E-33
Ao 60 0.01732246 | -1.761390515 32.88400233 7.65601E+32 1.30616E-33
Ao 61 0.02500382 | -1.601993616 31.76822403 5.86441E+31 1.7052E-32
Ao 62 0.03036297 | -1.517655718 31.17785874 1.50612E+31 6.63959E-32
Ao 63 0.02309533 | -1.636475864 32.00959977 1.02235E+32 9.78138E-33
Ao 64 0.01632978 | -1.787019556 33.06340561 1.15719E+33 8.6416E-34
Ao 65 0.01995336 | -1.699983978 32.45415657 2.84549E+32 3.51434E-33
Ao 66 0.02580949 | -1.588220627 31.67181311 4.69692E+31 2.12906E-32
Ao 67 0.00841786 | -2.074798123 35.07785558 1.19634E+35 8.35881E-36
Ao 68 0.01425862 | -1.84592248 33.47572608 2.99038E+33 3.34406E-34
Ao 69 0.01031995| -1.986322314 34.45852492 2.87425E+34 3.47917E-35
Ac 70 0.0382877| -1.416940704 30.47285365 2.97066E+30 3.36625E-31
Ac 71 0.01562146 | -1.806278262 33.19821655 1.5784E+33 6.33554E-34
Ao 72 0.01944742 | -1.711138085 32.53223532 3.40593E+32 2.93606E-33
Ao 73 0.01287016 | -1.890416051 33.78718108 6.12606E+33 1.63237E-34
Ao 74 0.02243696 | -1.649035947 32.09752035 1.25176E+32 7.98877E-33
Ao 75 0.02853774 | -1.544580491 31.36633216 2.32451E+31 4.30197E-32
Ao 76 0.00984987 | -2.006569338 34.60025408 3.9834E+34 2.51042E-35
Ao 77 0.04954909 | -1.304964303 29.68901884 4.88674E+29 2.04636E-30
Ac 78 4.483E-05 | -4.348427633 50.99326215 9.84605E+50 1.01564E-51
Ac 79 0.00028948 | -3.538387238 45.32297939 2.10368E+45 4.75358E-46
Ao 80 0.00080823 | -3.092466318 42.20153295 1.5905E+42 6.28734E-43
Ao 81 0.30377062 | -0.517454236 24.17644837 1.50123E+24 6.66119E-25
Ao 82 0.00559995 | -2.251815524 36.31697739 2.07481E+36 4.81973E-37
Ao 83 0.01389101 | -1.857266121 33.55513157 3.59031E+33 2.78528E-34
Ao 84 0.01466978 | -1.833576417 33.38930364 2.45078E+33 4.08034E-34
Ao 85 0.04790241 | -1.319642655 29.79176731 6.19109E+29 1.61522E-30
Ao 86 0.00095745| -3.01888448 41.68646008 4.85803E+41 2.05845E-42
Ao 87 0.05986507 | -1.222826482 29.1140541 1.30033E+29 7.69035E-30
Ao 88 0.00547635 | -2.261508767 36.38483009 2.42566E+36 4.12259E-37
Ao 89 0.04861022 | -1.313272453 29.74717589 5.58696E+29 1.78988E-30
Ac 90 0.00253112 | -2.596686759 38.73107604 5.38364E+38 1.85748E-39
Ac 91 0.00144469 | -2.840225081 40.43584429 2.728E+40 3.66569E-41
Ac 92 0.00027026 | -3.568213222 45.53176128 3.40221E+45 2.93926E-46
Ac 93 0.02891485 | -1.538879076 31.32642226 2.12042E+31 4.71604E-32
Ac 94 0.02412862 | -1.617467571 31.87654171 7.52561E+31 1.3288E-32
Ao 95 0.02110907 | -1.675530828 32.28298451 1.9186E+32 5.21213E-33
Ao 96 0.01731627 | -1.761545648 32.88508826 7.67517E+32 1.3029E-33
Ao 97 0.01452299 | -1.837943903 33.41987604 2.62952E+33 3.80298E-34
Ao 98 0.01538089 | -1.813018488 33.24539814 1.75954E+33 5.68332E-34
Ac 99 0.01494381 | -1.825538713 33.33303971 2.15298E+33 4.64473E-34
Ac 100 0.01146819 | -1.940505265 34.13780557 1.37343E+34 7.28106E-35
Ao 101 0.0110895| -1.955088128 34.23988562 1.73734E+34 5.75592E-35
Ac 102 0.01283702 | -1.891535646 33.79501824 6.23761E+33 1.60318E-34
Ao 103 0.01321337| -1.878986449 33.70717386 5.09535E+33 1.96257E-34




Ac 104 0.01142702 | -1.942067047 34.14873805 1.40844E+34 7.10006E-35
Ao 105 0.00960256 | -2.017612801 34.67755833 4.75947E+34 2.10108E-35
Ao 106 0.01051498 | -1.978191667 34.40161039 2.52122E+34 3.96634E-35
Ao 107 0.01048419| -1.979465321 34.41052597 2.57351E+34 3.88574E-35
Ao 108 0.00789732 | -2.102520331 35.27191104 1.8703E+35 5.34674E-36
Ao 109 0.00623863 | -2.204910538 35.98864249 9.74187E+35 1.0265E-36
Ac 110 0.00658711 | -2.181305331 35.82340604 6.65895E+35 1.50174E-36
Ac 111 0.00724811| -2.13977517 35.53269491 3.40953E+35 2.93295E-36
Ac 112 0.0061204 | -2.213220447 36.04681185 1.11381E+36 8.97818E-37
Ao 113 0.0049545| -2.30500023 36.68927033 4.88957E+36 2.04517E-37
Ac 114 0.00599887 | -2.221930717 36.10778374 1.28169E+36 7.80219E-37
Ao 115 0.00688892 | -2.161849039 35.68721199 4.86645E+35 2.05489E-36
Ao 116 0.00579256 | -2.237129586 36.21417582 1.63748E+36 6.10695E-37
Ao 117 0.0043507 | -2.361441043 37.08435602 1.21438E+37 8.23463E-38
Ao 118 0.00435071 | -2.361439765 37.08434707 1.21436E+37 8.2348E-38
Ac 119 0.00492517 | -2.307579003 36.70732174 5.09708E+36 1.96191E-37
Ao 120 0.00398295| -2.39979534 37.3528361 2.25339E+37 4.43776E-38
Ac 121 0.00253232 | -2.596481979 38.72964257 5.3659E+38 1.86362E-39
Ao 122 0.00275181 | -2.560382151 38.47694378 2.99877E+38 3.3347E-39
Ao 123 0.00363085 | -2.439991638 37.63421019 4.30735E+37 2.32161E-38
Ac 124 0.00334748 | -2.475281482 37.88123909 7.60745E+37 1.3145E-38
Ao 125 0.002472| -2.606951195 38.80292708 6.35224E+38 1.57425E-39
Ao 126 0.00257237| -2.58966644 38.6819338 4.80766E+38 2.08001E-39
Ao 127 0.00337245 | -2.472054715 37.85865173 7.2219E+37 1.38468E-38
Ao 128 0.00312141| -2.505649237 38.09381338 1.24112E+38 8.05725E-39
Ao 129 0.00198191| -2.70291638 39.47468338 2.98321E+39 3.3521E-40
Ao 130 0.00165308 | -2.781705363 40.02620626 1.0622E+40 9.41442E-41
Ao 131 0.00215712 | -2.666126254 39.2171525 1.64874E+39 6.06523E-40
Ao 132 0.00206474 | -2.68513495 39.35021337 2.23982E+39 4.46464E-40
Ao 133 0.00121637 | -2.914932562 40.95879666 9.09487E+40 1.09952E-41
Ac 134 0.00104115| -2.98248687 41.43167681 2.70195E+41 3.70103E-42
Ao 135 0.00175425| -2.755907955 39.8456244 7.00849E+39 1.42684E-40
Ao 136 0.00193183 | -2.714031558 39.55248962 3.56853E+39 2.80227E-40
Ao 137 0.00130632 | -2.883951286 40.74192772 5.51986E+40 1.81164E-41
Ao 138 0.00103284 | -2.985966701 41.45603563 2.85782E+41 3.49916E-42
Ao 139 0.00148635 | -2.827879349 40.34942417 2.23575E+40 4.47276E-41
Ao 140 0.00164575| -2.783635136 40.03971467 1.09576E+40 9.1261E-41
Ao 141 0.00100539 | -2.997665302 41.53792584 3.45085E+41 2.89784E-42
Ao 142 0.00052921 | -3.276372153 43.48887379 3.08229E+43 3.24434E-44
Ao 143 0.00085293 | -3.069088619 42.03788905 1.09116E+42 9.16455E-43
Ao 144 0.00111311| -2.953463407 41.22851257 1.69244E+41 5.90864E-42
Ao 145 0.00070618 | -3.151083265 42.61185157 4.09121E+42 2.44427E-43
Ao 146 0.0004037 | -3.393943916 44.31187613 2.05058E+44 4.87668E-45
Ao 147 0.0007713 | -3.112774398 42.34368951 2.20643E+42 4.53221E-43
Ao 148 0.00110547 | -2.956451669 41.24943041 1.77595E+41 5.63079E-42
Ao 149 0.00079672 | -3.098694819 42.24513246 1.75846E+42 5.68679E-43
Ao 150 0.00039513 | -3.403261626 44.3771001 2.38287E+44 4.19662E-45

46




Ao 151 0.00055011 | -3.259548688 43.37110954 2.35023E+43 4.25491E-44
Ao 152 0.00082161 | -3.085332191 42.15159406 1.41773E+42 7.05352E-43
Ao 153 0.00058148 | -3.235462783 43.2025082 1.59407E+43 6.27324E-44
Ac 154 0.0001689 | -3.772371408 46.96086858 9.13837E+46 1.09429E-47
Ac 155 0.00026938 | -3.569634928 45,54171322 3.48107E+45 2.87268E-46
Ac 156 0.00059821 | -3.223148109 43.11630548 1.30709E+43 7.65058E-44
Ac 157 0.0004899 | -3.309889218 43.72349324 5.29046E+43 1.8902E-44
Ac 158 0.00018444 | -3.73414917 46.69331291 4.93529E+46 2.02622E-47
Ac 159 0.00027726 | -3.557108593 45.45402888 2.84465E+45 3.51537E-46
Ao 160 0.0005758 | -3.239730234 43.23238036 1.70758E+43 5.85625E-44
Ao 161 0.00051752| -3.28607454 43.5567905 3.60405E+43 2.77466E-44
Ao 162 0.0001867 | -3.728853832 46.65624554 4.53154E+46 2.20676E-47
Ao 163 0.00013299 | -3.876188844 47.68759063 4.87069E+47 2.0531E-48
Ao 164 0.0003666 | -3.435804804 44.60490235 4.02626E+44 2.48369E-45
Ao 165 0.00036777 | -3.434426182 44.59525199 3.93778E+44 2.5395E-45
Ac 166 9.0122E-05| -4.045167378 48.87044036 7.42062E+48 1.3476E-49
Ac 167 5.271E-05| -4.278107896 50.501024 3.16974E+50 3.15483E-51
Ac 168 0.00030097 | -3.521469768 45.2045571 1.60161E+45 6.24371E-46
Ac 169 0.00034486 | -3.462352869 44.79073881 6.17645E+44 1.61905E-45
Ac 170 0.0001295| -3.887719221 47.76830327 5.86548E+47 1.70489E-48
Ac 171 6.3147E-05| -4.199645322 49.95178598 8.94924E+49 1.11741E-50
Ao 172 0.00025111 | -3.600134369 45.7552093 5.69127E+45 1.75708E-46
Ao 173 0.00032025| -3.49450703 45.01581793 1.03709E+45 9.64233E-46
Ao 174 0.00013547 | -3.868167254 47.6314395 4.27996E+47 2.33647E-48
Ao 175 7.8845E-06 | -5.103225992 56.27685066 1.89169E+56 5.28627E-57
Ao 176 0.00013363 | -3.874084846 47.67286265 4.70828E+47 2.12392E-48
Ao 177 0.00022593 | -3.646026395 46.07645349 1.19249E+46 8.38584E-47
Ac 178 9.097E-05| -4.041102168 48.8419839 6.94999E+48 1.43885E-49
Ac 179 4,7392E-08 | -7.324293953 71.82432639 6.67308E+71 1.49856E-72
Ac 180 0.00012851 | -3.891062268 47.7917046 6.1902E+47 1.61546E-48
Ao 181 0.00022592 | -3.646045108 46.07658448 1.19285E+46 8.38331E-47
Ao 182 0.00012571| -3.900635463 47.85871696 7.22299E+47 1.38447E-48
Ao 183 6.8583E-06 | -5.163785676 56.70076846 5.02075E+56 1.99173E-57
Ao 184 2.7413E-06 | -5.562043347 59.48857215 3.08015E+59 3.24659E-60
DANO TOTAL 6.66132E-25
1.1.8.2 Armadura pasiva
Ac (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)
Ac 1 0.00083723 | -3.077157795 47.96702149 9.26876E+47 1.07889E-48
Ao 2 0.00011043 | -3.956905193 54.12525328 1.3343E+54 7.49457E-55
Ao 3 8.4771E-05| -4.071752586 54.92918503 8.49542E+54 1.1771E-55
Ac 4 0.00725409| -2.139417047 41.40283626 2.52834E+41 3.95516E-42
Ao 5 0.05805537| -1.236157605 35.08002016 1.20232E+35 8.31725E-36
Ac 6 0.00018036 | -3.743850444 52.63387003 4.30398E+52 2.32343E-53
Ao 7 0.0153187 | -1.814777962 39.13036266 1.35009E+39 7.40691E-40
Ac 8 0.0046415| -2.333341493 42.76030738 5.75847E+42 1.73657E-43
Ac 9 0.03211643 | -1.493272732 36.87982605 7.58274E+36 1.31878E-37




Ac 10 0.00303703 | -2.51755031 44.0497691 1.12142E+44 8.91725E-45
Ac 11 0.01696624 | -1.770414368 38.8198175 6.60416E+38 1.5142E-39
Ac 12 0.01995137| -1.700027352 38.32710839 2.12377E+38 4.7086E-39
Ac 13 0.01600932 | -1.795627232 38.99630755 9.91534E+38 1.00854E-39
Ac 14 0.7635683 | -0.11715211 27.2469817 1.76596E+27 5.66263E-28
Ao 15 0.03776169 | -1.422948601 36.38755713 2.44094E+36 4.09678E-37
Ao 16 0.1700931 | -0.769313299 31.81211002 6.48799E+31 1.54131E-32
Ao 17 0.05602941 | -1.251583969 35.18800471 1.54172E+35 6.48627E-36
Ao 18 0.04268173 -1.369758 36.01522293 1.03567E+36 9.65555E-37
Ac 19 0.00017679 | -3.752541197 52.69470531 4.95114E+52 2.01974E-53
Ao 20 0.00061312 | -3.212451451 48.91407708 8.20497E+48 1.21877E-49
Ac 21 4.3257E-05| -4.363941215 56.97450543 9.42986E+56 1.06046E-57
Ao 22 0.02458328 | -1.609360236 37.69243858 4.92537E+37 2.03031E-38
Ao 23 0.04062043 | -1.391255514 36.16570553 1.46455E+36 6.82802E-37
Ao 24 0.00991155| -2.003858436 40.45392598 2.84398E+40 3.5162E-41
Ao 25 0.02182422 | -1.661061331 38.05434624 1.1333E+38 8.82376E-39
Ao 26 0.01808717 | -1.742629435 38.62532297 4.2201E+38 2.36961E-39
Ao 27 0.08816577 | -1.054699976 33.80981676 6.45382E+33 1.54947E-34
Ao 28 0.02220977 | -1.653455928 38.00110842 1.00256E+38 9.97451E-39
Ao 29 0.03757549 | -1.425095304 36.40258405 2.52688E+36 3.95745E-37
Ao 30 0.05091753 | -1.293132668 35.4788456 3.01194E+35 3.32012E-36
Ao 31 0.04522826 | -1.344590088 35.83904754 6.90315E+35 1.44861E-36
Ao 32 0.04376504 | -1.358872668 35.9390256 8.69012E+35 1.15073E-36
Ao 33 0.05557239| -1.255140961 35.21290365 1.63269E+35 6.12486E-36
Ao 34 0.0493471| -1.306738323 35.57408519 3.75047E+35 2.66634E-36
Ao 35 0.00101372 | -2.994080286 47.38547893 2.42929E+47 4.11643E-48
Ao 36 0.00058867 | -3.230124713 49.03778992 1.09091E+49 9.16664E-50
Ao 37 0.03717301 | -1.429772232 36.43532255 2.72472E+36 3.6701E-37
Ao 38 0.02812661 | -1.550882633 37.28309536 1.91909E+37 5.2108E-38
Ao 39 0.03208182 | -1.493740941 36.88310351 7.64018E+36 1.30887E-37
Ao 40 0.04455307 | -1.351122323 35.88477319 7.66961E+35 1.30385E-36
Ac 41 0.03507222| -1.45503679 36.61217446 4.09425E+36 2.44245E-37
Ao 42 0.02661072 | -1.574943304 37.45152006 2.82826E+37 3.53574E-38
Ac 43 0.02915726 | -1.535253304 37.17369005 1.49173E+37 6.70363E-38
Ac 44 0.00305622 | -2.514815686 44.03062673 1.07307E+44 9.31909E-45
Ao 45 0.0014651 | -2.834131593 46.26583808 1.84433E+46 5.42203E-47
Ao 46 0.03548974 | -1.449897151 36.57619698 3.76875E+36 2.6534E-37
Ac 47 0.03480327 | -1.458379961 36.63557666 4.32092E+36 2.31432E-37
Ac 48 0.02973277| -1.526764651 37.11426949 1.30098E+37 7.68653E-38
Ao 49 0.04449477| -1.351691023 35.88875409 7.74023E+35 1.29195E-36
Ao 50 0.04735727 | -1.324613325 35.6992102 5.00277E+35 1.99889E-36
Ao 51 0.03309555 | -1.480230417 36.78852984 6.14511E+36 1.62731E-37
Ao 52 0.02241477| -1.64946567 37.97317662 9.40106E+37 1.06371E-38
Ao 53 0.02810592 | -1.551202192 37.28533227 1.929E+37 5.18403E-38
Ao 54 0.03952959 | -1.403077663 36.24846057 1.77199E+36 5.64338E-37
Ao 55 0.03230563 | -1.490721735 36.86196907 7.27728E+36 1.37414E-37
Ao 56 0.02578696 | -1.58859992 37.54711637 3.52465E+37 2.83716E-38
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Ao 57 0.03450611| -1.46210399 36.66164486 4.58823E+36 2.17949€E-37
Ao 58 0.04063171| -1.391134882 36.1648611 1.46171E+36 6.8413E-37
Ao 59 0.03248619 | -1.488301278 36.84502587 6.99884E+36 1.42881E-37
Ao 60 0.02543526 | -1.594563889 37.58886415 3.88029E+37 2.57713E-38
Ao 61 0.03671411 | -1.435166989 36.47308585 2.97225E+36 3.36445E-37
Ao 62 0.04458317 | -1.350829091 35.88272057 7.63344E+35 1.31002E-36
Ao 63 0.03391179 | -1.469649237 36.71446159 5.18157E+36 1.92992E-37
Ao 64 0.02397768 | -1.62019293 37.76826744 5.86499E+37 1.70503E-38
Ao 65 0.02929832 | -1.533157351 37.15901839 1.44218E+37 6.93396E-38
Ao 66 0.0378971 -1.421394 36.37667493 2.38054E+36 4.20073E-37
Ao 67 0.01236029 | -1.907971496 39.7827174 6.06342E+39 1.64924E-40
Ao 68 0.0209365 | -1.679095853 38.1805879 1.51561E+38 6.598E-39
Ao 69 0.0151532 | -1.819495687 39.16338674 1.45676E+39 6.86457E-40
Ac 70 0.05621936 | -1.250114077 35.17771547 1.50562E+35 6.64178E-36
Ac 71 0.02293762 | -1.639451635 37.90307837 7.99979E+37 1.25003E-38
Ao 72 0.02855542 | -1.544311459 37.23709714 1.72622E+37 5.79299E-38
Ao 73 0.01889777 | -1.723589424 38.4920429 3.10487E+38 3.22075E-39
Ao 74 0.03294509 | -1.482209321 36.80238217 6.34428E+36 1.57622E-37
Ao 75 0.0419031 | -1.377753864 36.07119398 1.17813E+36 8.48801E-37
Ao 76 0.01446296 | -1.839742711 39.3051159 2.01891E+39 4.95318E-40
Ao 77 0.07275491 | -1.138137676 34.39388066 2.47674E+34 4.03756E-35
Ac 78 6.5826E-05| -4.181601006 55.69812397 4.99027E+55 2.0039E-56
Ac 79 0.00042505 | -3.371560612 50.02784121 1.06621E+50 9.37905E-51
Ao 80 0.00118675| -2.925639692 46.90639477 8.06111E+46 1.24052E-47
Ao 81 0.44603855 | -0.350627609 28.88131019 7.6087E+28 1.31429E-29
Ao 82 0.00822264 | -2.084988898 41.02183921 1.05157E+41 9.50957E-42
Ao 83 0.02039673 | -1.690439494 38.25999339 1.81967E+38 5.49549E-39
Ao 84 0.02154022 | -1.66674979 38.09416546 1.24213E+38 8.05072E-39
Ao 85 0.07033702 | -1.152816028 34.49662913 3.13783E+34 3.18692E-35
Ao 86 0.00140586 | -2.852057854 46.3913219 2.46219E+46 4.06142E-47
Ao 87 0.08790228 | -1.055999856 33.81891592 6.59046E+33 1.51734E-34
Ao 88 0.00804114 | -2.09468214 41.08969191 1.2294E+41 8.13407E-42
Ao 89 0.07137632 | -1.146445827 34.45203772 2.83164E+34 3.53152E-35
Ac 90 0.00371655 | -2.429860133 43.43593786 2.72859E+43 3.6649E-44
Ac 91 0.0021213 | -2.673398454 45.14070611 1.38263E+45 7.23259E-46
Ac 92 0.00039684 | -3.401386596 50.2366231 1.72434E+50 5.79932E-51
Ac 93 0.04245683 | -1.37205245 36.03128408 1.07469E+36 9.30499E-37
Ac 94 0.03542901 | -1.450640944 36.58140354 3.8142E+36 2.62178E-37
Ao 95 0.0309953 | -1.508704201 36.98784634 9.72403E+36 1.02838E-37
Ao 96 0.02542617 | -1.594719022 37.58995008 3.89E+37 2.57069E-38
Ao 97 0.02132469 | -1.671117277 38.12473786 1.33272E+38 7.50347E-39
Ao 98 0.02258438 | -1.646191862 37.95025996 8.91785E+37 1.12135E-38
Ac 99 0.02194259 | -1.658712086 38.03790153 1.09119E+38 9.16428E-39
Ac 100 0.0168392 | -1.773678638 38.84266739 6.96093E+38 1.43659E-39
Ac 101 0.01628315| -1.788261502 38.94474744 8.80537E+38 1.13567E-39
Ac 102 0.01884912 | -1.724709019 38.49988006 3.1614E+38 3.16315E-39
Ao 103 0.01940172 | -1.712159822 38.41203568 2.58247E+38 3.87226E-39
Ac 104 0.01677875| -1.77524042 38.85359987 7.13838E+38 1.40088E-39




Ao 105 0.01409983 | -1.850786174 39.38242015 2.41224E+39 4.14553E-40
Ao 106 0.01543956| -1.81136504 39.10647221 1.27783E+39 7.82578E-40
Ao 107 0.01539435| -1.812638694 39.11538779 1.30433E+39 7.66677E-40
Ao 108 0.01159595 | -1.935693705 39.97677286 9.47923E+39 1.05494E-40
Ao 109 0.00916043 | -2.038083911 40.69350431 4.93747E+40 2.02533E-41
Ac 110 0.00967211 | -2.014478705 40.52826786 3.37495E+40 2.963E-41
Ac 111 0.01064269 | -1.972948543 40.23755673 1.72805E+40 5.78686E-41
Ac 112 0.00898682 | -2.04639382 40.75167367 5.64513E+40 1.77144E-41
Ac 113 0.00727489 | -2.138173603 41.39413215 2.47818E+41 4.03523E-42
Ac 114 0.00880838 | -2.05510409 40.81264556 6.49599E+40 1.53941E-41
Ao 115 0.01011527| -1.995022412 40.39207381 2.46646E+40 4.0544E-41
Ao 116 0.00850545 | -2.070302959 40.91903764 8.29923E+40 1.20493E-41
Ao 117 0.0063883 | -2.194614417 41.78921784 6.15486E+41 1.62473E-42
Ao 118 0.00638832 | -2.194613138 41.78920889 6.15473E+41 1.62477E-42
Ao 119 0.00723182 | -2.140752376 41.41218356 2.58335E+41 3.87094E-42
Ao 120 0.00584832 | -2.232968713 42.05769792 1.14208E+42 8.75593E-43
Ac 121 0.0037183 | -2.429655352 43.43450439 2.7196E+43 3.67702E-44
Ao 122 0.00404059 | -2.393555524 43.1818056 1.51987E+43 6.57952E-44
Ao 123 0.00533132 | -2.273165011 42.33907201 2.18309E+42 4.58066E-43
Ac 124 0.00491524 | -2.308454855 42.58610091 3.85568E+42 2.59358E-43
Ao 125 0.00362974 | -2.440124568 43.50778891 3.2195E+43 3.10607E-44
Ao 126 0.00377711| -2.422839814 43.38679562 2.43666E+43 4.10397E-44
Ao 127 0.0049519 | -2.305228088 42.56351355 3.66027E+42 2.73204E-43
Ao 128 0.00458329| -2.33882261 42.7986752 6.29036E+42 1.58974E-43
Ao 129 0.00291012 | -2.536089754 44.1795452 1.51198E+44 6.61386E-45
Ao 130 0.00242729 | -2.614878736 44.73106808 5.38354E+44 1.85751E-45
Ao 131 0.00316738 | -2.499299628 43.92201432 8.35631E+43 1.1967E-44
Ao 132 0.00303174 | -2.518308324 44.0550752 1.13521E+44 8.80896E-45
Ao 133 0.00178605 | -2.748105936 45.66365848 4.60955E+45 2.16941E-46
Ao 134 0.00152876 | -2.815660244 46.13653863 1.36943E+46 7.30233E-47
Ao 135 0.00257584 | -2.589081328 44.55048623 3.55211E+44 2.81523E-45
Ao 136 0.00283658 | -2.547204931 44.25735145 1.80864E+44 5.52903E-45
Ao 137 0.00191812 | -2.71712466 45.44678954 2.79763E+45 3.57446E-46
Ao 138 0.00151656 | -2.819140075 46.16089745 1.44843E+46 6.90403E-47
Ao 139 0.00218246 | -2.661052723 45.05428599 1.13315E+45 8.82499E-46
Ao 140 0.00241653| -2.61680851 44.7445765 5.55362E+44 1.80063E-45
Ao 141 0.00147625 | -2.830838676 46.24278766 1.74899E+46 5.71758E-47
Ao 142 0.00077706 | -3.109545526 48.19373561 1.5622E+48 6.40124E-49
Ao 143 0.00125239| -2.902261993 46.74275087 5.53033E+46 1.80821E-47
Ao 144 0.00163442 | -2.78663678 45.93337439 8.57777E+45 1.1658E-46
Ao 145 0.00103692 | -2.984256638 47.3167134 2.07354E+47 4.82266E-48
Ao 146 0.00059277 | -3.227117289 49.01673795 1.03929E+49 9.62193E-50
Ao 147 0.00113254 | -2.945947772 47.04855133 1.11828E+47 8.94229E-48
Ao 148 0.00162321 | -2.789625043 45.95429223 9.00103E+45 1.11098E-46
Ao 149 0.00116985 | -2.931868193 46.94999428 8.91239E+46 1.12203E-47
Ao 150 0.00058018 | -3.236434999 49.08196192 1.20771E+49 8.28015E-50
Ao 151 0.00080775 | -3.092722062 48.07597136 1.19116E+48 8.39515E-49
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Ao 152 0.00120641 | -2.918505564 46.85645588 7.18548E+46 1.3917E-47
Ac 153 0.00085382 | -3.068636157 47.90737003 8.07923E+47 1.23774E-48
Ao 154 0.000248 | -3.605544781 51.6657304 4.63159E+51 2.15908E-52
Ac 155 0.00039554 | -3.402808301 50.24657504 1.76431E+50 5.66794E-51
Ac 156 0.00087837 | -3.056321482 47.8211673 6.62472E+47 1.5095E-48
Ac 157 0.00071935| -3.143062591 48.42835506 2.68136E+48 3.72945E-49
Ac 158 0.00027082 | -3.567322543 51.39817473 2.50135E+51 3.99784E-52
Ac 159 0.00040712 | -3.390281967 50.1588907 1.44175E+50 6.936E-51
Ac 160 0.00084547 | -3.072903608 47.93724218 8.6545E+47 1.15547E-48
Ao 161 0.00075989 | -3.119247913 48.26165232 1.82664E+48 5.47454E-49
Ao 162 0.00027414 | -3.562027205 51.36110736 2.29672E+51 4.35404E-52
Ao 163 0.00019527 | -3.709362217 52.39245245 2.46861E+52 4.05086E-53
Ac 164 0.0005383 | -3.268978178 49.30976417 2.04063E+49 4.90045E-50
Ac 165 0.00054001 | -3.267599555 49.30011381 1.99579E+49 5.01056E-50
Ac 166 0.00013233 | -3.878340751 53.57530218 3.76099E+53 2.65887E-54
Ac 167 7.7396E-05| -4.11128127 55.20588582 1.60652E+55 6.22464E-56
Ac 168 0.00044193 | -3.354643142 49.90941892 8.11744E+49 1.23192E-50
Ac 169 0.00050638 | -3.295526243 49.49560063 3.13041E+49 3.19447E-50
Ac 170 0.00019015 | -3.720892594 52.47316509 2.9728E+52 3.36384E-53
Ao 171 9.2722E-05| -4.032818696 54.6566478 4.53574E+54 2.20471E-55
Ac 172 0.00036872 | -3.433307742 50.46007112 2.8845E+50 3.4668E-51
Ao 173 0.00047024 | -3.327680404 49.72067975 5.2563E+49 1.90248E-50
Ao 174 0.00019891 | -3.701340628 52.33630132 2.16921E+52 4.60998E-53
Ao 175 1.1577E-05| -4.936399365 60.98171248 9.58766E+60 1.04301E-61
Ac 176 0.00019622 | -3.70725822 52.37772447 2.3863E+52 4.19059E-53
Ac 177 0.00033174 | -3.479199769 50.78131531 6.04387E+50 1.65457E-51
Ac 178 0.00013357 | -3.874275541 53.54684572 3.52246E+53 2.83893E-54
Ac 179 6.9588E-08 | -7.157467327 76.52918821 3.38211E+76 2.95673E-77
Ac 180 0.0001887 | -3.724235641 52.49656642 3.13737E+52 3.18738E-53
Ac 181 0.00033173 | -3.479218481 50.7814463 6.0457E+50 1.65407E-51
Ac 182 0.00018458 | -3.733808837 52.56357878 3.66082E+52 2.73163E-53
Ac 183 1.007E-05 -4.99695905 61.40563028 2.54466E+61 3.92979E-62
Ac 184 4.0252E-06 -5.39521672 64.19343397 1.56111E+64 6.40569E-65
DANO TOTAL 5.79422E-28
119 Trentipo9
1.1.9.1  Armadura activa
Ao (N/mm2) Log(Ao) Log(N*) N Dafio (1/N)
Ac 1 0.00031324 | -3.504122683 45.0831275 1.21095E+45 8.25795E-46
Ao 2 0.00011354 | -3.94486103 48.16829593 1.47332E+48 6.78741E-49
Ac 3 4.1074E-05| -4.386437346 51.25933014 1.8169E+51 5.50389E-52
Ac 4 2.7517E-05| -4.560400749 52.47707396 2.99967E+52 3.3337E-53
Ac 5 0.00019083 | -3.719361877 46.58980186 3.88868E+46 2.57157E-47
Ac 6 0.00327026 | -2.485417986 37.95219462 8.95766E+37 1.11636E-38
Ac 7 0.02135038 | -1.670594468 32.24843 1.77186E+32 5.64378E-33
Ac 8 0.0038891 | -2.410150998 37.42532571 2.66272E+37 3.75556E-38




Ac 9 0.00024465| -3.61146231 45.83450489 6.83132E+45 1.46385E-46
Ac 10 0.00013155| -3.880925234 47.72074536 5.25709E+47 1.90219E-48
Ac 11 0.00832987 | -2.079361889 35.10980194 1.28766E+35 7.76601E-36
Ac 12 0.01324247 | -1.878031004 33.70048575 5.01748E+33 1.99303E-34
Ac 13 0.00166993 | -2.777301356 39.99537821 9.89414E+39 1.0107E-40
Ac 14 7.3906E-06 | -5.131319864 56.47350777 2.97514E+56 3.36118E-57
Ao 15 0.00571189 | -2.243220222 36.25681027 1.80638E+36 5.53592E-37
Ao 16 0.02922655 | -1.534222479 31.29382607 1.9671E+31 5.08363E-32
Ao 17 4.3421E-05| -4.362295979 51.09034057 1.23123E+51 8.12193E-52
Ao 18 0.0001856 | -3.731427292 46.67425976 4.72345E+46 2.11709E-47
Ac 19 0.00082884 | -3.081530989 42.12498564 1.33348E+42 7.49919E-43
Ao 20 0.11599734 | -0.935551974 27.10313254 1.26804E+27 7.88619E-28
Ao 21 0.00194974 | -2.71002396 39.52443644 3.34531E+39 2.98926E-40
Ao 22 0.00015691 | -3.804359589 47.18478584 1.53033E+47 6.53453E-48
Ao 23 0.00532828 | -2.273412787 36.46815823 2.93872E+36 3.40284E-37
Ao 24 0.00110821 | -2.955379167 41.24192289 1.74551E+41 5.72898E-42
Ao 25 0.0030053 | -2.522112137 38.20905368 1.61828E+38 6.1794E-39
Ao 26 0.12352497| -0.908245231 26.91198533 8.16555E+26 1.22466E-27
Ao 27 0.06803586 | -1.167262139 28.72510369 5.31011E+28 1.8832E-29
Ao 28 0.09531194 -1.0208527 27.70023762 5.01462E+27 1.99417E-28
Ao 29 0.0001473 | -3.831797837 47.37685358 2.38152E+47 4.19901E-48
Ao 30 0.00034071 | -3.467614041 44.82756701 6.72306E+44 1.48742E-45
Ao 31 0.08929954 | -1.049150757 27.89832402 7.91269E+27 1.26379E-28
Ao 32 0.0255341 | -1.592879437 31.70442478 5.0632E+31 1.97504E-32
Ao 33 0.02475149| -1.606398649 31.79905926 6.29592E+31 1.58833E-32
Ao 34 0.10125388 | -0.994588309 27.51638689 3.28388E+27 3.04518E-28
Ao 35 0.12198601 | -0.913689971 26.95009852 8.91453E+26 1.12176E-27
Ao 36 0.13278116 | -0.876863525 26.6923134 4.92395E+26 2.03089E-27
Ao 37 0.09522484 | -1.021249753 27.70301699 5.04681E+27 1.98145E-28
Ao 38 0.01073623 | -1.969148021 34.33830487 2.17924E+34 4.58876E-35
Ao 39 0.02650244 | -1.576714197 31.5912681 3.90183E+31 2.5629E-32
Ao 40 0.09236466 | -1.034494159 27.79572783 6.24781E+27 1.60056E-28
Ac 41 0.00737139| -2.132450349 35.48142117 3.02985E+35 3.30049E-36
Ac 42 0.01255891 | -1.901048079 33.86160528 7.27119E+33 1.37529E-34
Ac 43 0.10788878 | -0.967023721 27.32343477 2.10589E+27 4.7486E-28
Ac 44 0.01882235| -1.725326087 32.63155133 4.28106E+32 2.33587E-33
Ac 45 0.03336789 | -1.476671278 30.89096767 7.77979E+30 1.28538E-31
Ao 46 0.05638252 | -1.248855505 29.29625726 1.97814E+29 5.05525E-30
Ac 47 0.17359294| -0.76046793 25.87754423 7.543E+25 1.32573E-26
Ao 48 0.03129532| -1.50452066 31.08591334 1.21875E+31 8.20515E-32
Ao 49 0.02470922 | -1.607140936 31.80425528 6.3717E+31 1.56944E-32
Ao 50 7.1729E-06| -5.14430765 56.56442227 3.66794E+56 2.72633E-57
Ao 51 1.1015E-05 | -4.957997226 55.2602493 1.82075E+55 5.49226E-56
Ao 52 0.00508889 | -2.293377112 36.60790851 4.05423E+36 2.46656E-37
Ao 53 0.00010413 | -3.982405132 48.43110464 2.69839E+48 3.70591E-49
Ao 54 0.0001897 | -3.721940619 46.60785305 4.05371E+46 2.46687E-47
Ao 55 0.05756326 | -1.239854588 29.23325084 1.711E+29 5.84452E-30
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Ac 56 0.01882751| -1.725207001 32.63071773 4.27285E+32 2.34036E-33
Ac 57 0.02559078 | -1.591916496 31.69768419 4.98522E+31 2.00593E-32
Ac 58 0.02622506 | -1.581283433 31.62325275 4.20003E+31 2.38093E-32
Ao 59 0.02382032 | -1.623052319 31.91563496 8.23446E+31 1.21441E-32
Ao 60 0.0211941| -1.673785072 32.27076422 1.86537E+32 5.36088E-33
Ao 61 0.01914441| -1.717957914 32.57997412 3.80167E+32 2.63042E-33
Ao 62 0.01872156 | -1.727657932 32.64787424 4.44503E+32 2.24971E-33
Ao 63 0.01820751| -1.739749424 32.73251469 5.4015E+32 1.85134E-33
Ao 64 0.01626802 | -1.788665284 33.07492571 1.1883E+33 8.41539E-34
Ao 65 0.01493377| -1.82583065 33.33508327 2.16313E+33 4.62292E-34
Ac 66 0.01418381| -1.848207238 33.49171938 3.10255E+33 3.22315E-34
Ac 67 0.01392073 | -1.856338055 33.54863511 3.537E+33 2.82725E-34
Ao 68 0.0127135| -1.89573497 33.82441351 6.67442E+33 1.49826E-34
Ac 69 0.01182267 | -1.927284566 34.04526068 1.10984E+34 9.0103E-35
Ac 70 0.01094609 | -1.96074092 34.27945516 1.90307E+34 5.25466E-35
Ac 71 0.01070273 | -1.970505562 34.34780765 2.22745E+34 4.48944E-35
Ac 72 0.00996155 | -2.001672968 34.5659795 3.68112E+34 2.71657E-35
Ac 73 0.00928464 | -2.032234952 34.77991339 6.02439E+34 1.65992E-35
Ac 74 0.00854431| -2.068322966 35.03252948 1.07778E+35 9.27835E-36
Ao 75 0.00821112 | -2.085597676 35.15345245 1.42381E+35 7.0234E-36
Ao 76 0.00771597 | -2.112609272 35.34253363 2.20056E+35 4.54429E-36
Ao 77 0.00722349 | -2.141252766 35.54303808 3.49171E+35 2.86393E-36
Ac 78 0.00667427 | -2.175596274 35.78344264 6.07355E+35 1.64648E-36
Ac 79 0.00627998 | -2.202041756 35.96856101 9.30167E+35 1.07508E-36
Ao 80 0.005967 | -2.224243984 36.12397661 1.33038E+36 7.51663E-37
Ac 81 0.0055962 | -2.252106674 36.31901544 2.08457E+36 4.79716E-37
Ao 82 0.0052161| -2.28265378 36.53284518 3.41071E+36 2.93194E-37
Ao 83 0.00485978 | -2.31338347 36.74795301 5.59697E+36 1.78668E-37
Ao 84 0.00463668 | -2.333793105 36.89082046 7.77715E+36 1.28582E-37
Ao 85 0.00434054 | -2.362456147 37.09146175 1.23442E+37 8.10099E-38
Ao 86 0.00406948 | -2.390460692 37.28749356 1.93862E+37 5.1583E-38
Ao 87 0.00378806 | -2.421582672 37.50534742 3.20146E+37 3.12358E-38
Ao 88 0.00359967 | -2.443736813 37.66042641 4.57537E+37 2.18561E-38
Ac 89 0.00337014| -2.47235172 37.86073076 7.25656E+37 1.37806E-38
Ac 90 0.00317052 | -2.49886959 38.04635585 1.11264E+38 8.98761E-39
Ac 91 0.00296073 | -2.52860178 38.25448118 1.79672E+38 5.56569E-39
Ac 92 0.00279257 | -2.553995358 38.43223623 2.70543E+38 3.69627E-39
Ac 93 0.00261275| -2.582902554 38.6345866 4.31109E+38 2.3196E-39
Ac 94 0.00246454 | -2.608264652 38.81212129 6.48816E+38 1.54127E-39
Ao 95 0.00230797 | -2.636770053 39.0116591 1.02721E+39 9.73511E-40
Ao 96 0.00215809 | -2.665929538 39.21577548 1.64352E+39 6.08449E-40
Ac 97 0.00203178 | -2.692124316 39.39913893 2.50691E+39 3.98897E-40
Ao 98 0.00191633| -2.71753041 39.57698159 3.77556E+39 2.64861E-40
Ac 99 0.00179781| -2.745255721 39.77105877 5.90281E+39 1.69411E-40
Ac 100 0.00168219 | -2.774123797 39.9731353 9.40016E+39 1.06381E-40
Ac 101 0.00158575 | -2.799764158 40.15261783 1.42108E+40 7.03691E-41
Ac 102 0.00148578 | -2.828044053 40.35057709 2.2417E+40 4.4609E-41

DANO TOTAL 1.99168E-26




1.1.9.2

Armadura pasiva

Ac (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)
Acl 0.00045994 | -3.337296056 49.78798932 6.13747E+49 1.62934E-50
Ac 2 0.00016671 | -3.778034404 52.87315775 7.4672E+52 1.33919E-53
Ac 3 6.031E-05| -4.219610719 55.96419196 9.20857E+55 1.08595E-56
Ac 4 4.0404E-05| -4.393574122 57.18193578 1.52032E+57 6.57755E-58
Ac 5 0.0002802 | -3.552535251 51.29466368 1.9709E+51 5.07383E-52
Ac 6 0.00480185 | -2.318591359 42.65705644 4.54001E+42 2.20264E-43
Ac 7 0.03134961 | -1.503767842 36.95329182 8.98032E+36 1.11355E-37
Ac 8 0.00571052 | -2.243324371 42.13018753 1.34955E+42 7.4099E-43
Ac 9 0.00035922 | -3.444635684 50.53936671 3.46232E+50 2.88824E-51
Ac 10 0.00019315| -3.714098607 52.42560718 2.66445E+52 3.75312E-53
Ac 11 0.01223108 | -1.912535262 39.81466376 6.52625E+39 1.53227E-40
Ac 12 0.01944445| -1.711204378 38.40534757 2.54301E+38 3.93235E-39
Ac 13 0.00245203 | -2.610474729 44.,70024003 5.01464E+44 1.99416E-45
Ac 14 1.0852E-05| -4.964493238 61.17836959 1.50789E+61 6.63178E-62
Ac 15 0.008387 | -2.076393595 40.96167209 9.15529E+40 1.09226E-41
Ac 16 0.04291451| -1.367395853 35.9986879 9.96983E+35 1.00303E-36
Ao 17 6.3757E-05 | -4.195469353 55.7952024 6.24026E+55 1.6025E-56
Ac 18 0.00027252 | -3.564600665 51.37912158 2.39399E+51 4.17713E-52
Ao 19 0.00121701 | -2.914704362 46.82984746 6.75846E+46 1.47963E-47
Ao 20 0.17032353 | -0.768725348 31.80799436 6.42679E+31 1.55599E-32
Ac 21 0.00286288 | -2.543197333 44.22929826 1.6955E+44 5.89796E-45
Ao 22 0.00023039 | -3.637532962 51.88964766 7.75618E+51 1.2893E-52
Ac 23 0.00782373| -2.10658616 41.17302005 1.48943E+41 6.71398E-42
Ac 24 0.00162722| -2.78855254 45.94678471 8.84677E+45 1.13036E-46
Ac 25 0.0044128| -2.35528551 42.9139155 8.20192E+42 1.21923E-43
Ac 26 0.18137666 | -0.741418604 31.61684716 4.13854E+31 2.41631E-32
Ac 27 0.09989977 | -1.000435512 33.42996551 2.69132E+33 3.71565E-34
Ac 28 0.13995033 | -0.854026073 32.40509944 2.54155E+32 3.9346E-33
Ao 29 0.00021629 -3.66497121 52.0817154 1.20702E+52 8.28485E-53
Ac 30 0.00050028 | -3.300787414 49.53242883 3.40744E+49 2.93475E-50
Ao 31 0.13112209| -0.882324131 32.60318584 4.01038E+32 2.49353E-33
Ao 32 0.03749274 | -1.426052811 36.4092866 2.56618E+36 3.89685E-37
Ac 33 0.0363436 | -1.439572022 36.50392108 3.19096E+36 3.13386E-37
Ac 34 0.14867513 | -0.827761683 32.22124871 1.66437E+32 6.0083E-33
Ac 35 0.17911694 | -0.746863344 31.65496034 4.51815E+31 2.2133E-32
Ac 36 0.19496789 | -0.710036899 31.39717522 2.4956E+31 4.00705E-32
Ac 37 0.13982244 | -0.854423127 32.40787881 2.55787E+32 3.9095E-33
Ao 38 0.01576444 | -1.802321394 39.04316669 1.1045E+39 9.05385E-40
Ao 39 0.03891459 -1.40988757 36.29612992 1.97756E+36 5.05673E-37
Ac 40 0.13562273 | -0.867667533 32.50058966 3.16657E+32 3.15799E-33
Ac 41 0.01082371 | -1.965623723 40.18628299 1.53562E+40 6.51204E-41
Ao 42 0.01844075| -1.734221453 38.5664671 3.68525E+38 2.71352E-39
Ac 43 0.15841741 | -0.800197094 32.02829659 1.06732E+32 9.36922E-33
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Ac 44 0.02763761| -1.55849946 37.33641315 2.16977E+37 4.60879E-38
Ao 45 0.0489954 | -1.309844652 35.59582949 3.94302E+35 2.53612E-36
Ao 46 0.08278871| -1.082028879 34.00111908 1.00258E+34 9.97427E-35
Ao 47 0.25489346 | -0.593641303 30.58240605 3.82302E+30 2.61574E-31
Ao 48 0.04595216 | -1.337694033 35.79077516 6.17697E+35 1.61892E-36
Ao 49 0.03628154 | -1.44031431 36.5091171 3.22936E+36 3.09658E-37
Ao 50 1.0532E-05 | -4.977481024 61.26928409 1.85902E+61 5.37918E-62
Ao 51 1.6174E-05 -4.7911706 59.96511112 9.22808E+59 1.08365E-60
Ao 52 0.00747222 | -2.126550486 41.31277033 2.0548E+41 4.86665E-42
Ao 53 0.0001529 | -3.815578505 53.13596646 1.36762E+53 7.31196E-54
Ao 54 0.00027854 | -3.555113992 51.31271487 2.05454E+51 4.86727E-52
Ao 55 0.08452244 | -1.073027962 33.93811266 8.67187E+33 1.15315E-34
Ao 56 0.02764519 | -1.558380375 37.33557955 2.16561E+37 4.61764E-38
Ao 57 0.03757596 | -1.42508987 36.40254601 2.52666E+36 3.9578E-37
Ao 58 0.03850731 | -1.414456807 36.32811457 2.1287E+36 4.6977E-37
Ao 59 0.03497634 | -1.456225693 36.62049678 4.17347E+36 2.39609E-37
Ao 60 0.03112014 | -1.506958445 36.97562604 9.45423E+36 1.05773E-37
Ao 61 0.02811051 | -1.551131288 37.28483594 1.9268E+37 5.18996E-38
Ao 62 0.02748962 | -1.560831305 37.35273606 2.25287E+37 4.43878E-38
Ao 63 0.02673482 | -1.572922798 37.43737651 2.73764E+37 3.65278E-38
Ao 64 0.02388699 | -1.621838658 37.77978753 6.02265E+37 1.6604E-38
Ao 65 0.02192785| -1.659004024 38.03994509 1.09634E+38 9.12126E-39
Ao 66 0.02082665 | -1.681380611 38.1965812 1.57247E+38 6.35944E-39
Ao 67 0.02044036 | -1.689511429 38.25349693 1.79266E+38 5.57832E-39
Ao 68 0.01866774 | -1.728908344 38.52927533 3.38279E+38 2.95614E-39
Ao 69 0.01735969 | -1.760457939 38.7501225 5.625E+38 1.77778E-39
Ac 70 0.01607258 | -1.793914293 38.98431698 9.64533E+38 1.03677E-39
Ac 71 0.01571524 | -1.803678935 39.05266948 1.12894E+39 8.85789E-40
Ao 72 0.01462695 | -1.834846342 39.27084132 1.8657E+39 5.35992E-40
Ao 73 0.01363301 | -1.865408326 39.48477521 3.05334E+39 3.2751E-40
Ao 74 0.01254595 | -1.901496339 39.7373913 5.4625E+39 1.83066E-40
Ao 75 0.01205671 | -1.918771049 39.85831427 7.21629E+39 1.38575E-40
Ao 76 0.01132967 | -1.945782646 40.04739545 1.11531E+40 8.96612E-41
Ao 77 0.01060654 | -1.97442614 40.2478999 1.7697E+40 5.65067E-41
Ac 78 0.0098001 | -2.008769647 40.48830446 3.07825E+40 3.24859E-41
Ac 79 0.00922115| -2.03521513 40.67342283 4.71436E+40 2.12118E-41
Ao 80 0.00876158 | -2.057417357 40.82883843 6.74277E+40 1.48307E-41
Ao 81 0.00821713 | -2.085280048 41.02387726 1.05652E+41 9.46505E-42
Ao 82 0.00765901 | -2.115827154 41.237707 1.72865E+41 5.78486E-42
Ao 83 0.00713581 | -2.146556844 41.45281483 2.83671E+41 3.52521E-42
Ao 84 0.00680822 | -2.166966479 41.59568228 3.94169E+41 2.53698E-42
Ao 85 0.00637339| -2.19562952 41.79632357 6.25639E+41 1.59837E-42
Ao 86 0.00597539 | -2.223634065 41.99235539 9.82552E+41 1.01776E-42
Ao 87 0.00556217 | -2.254756045 42.21020924 1.62259E+42 6.16298E-43
Ao 88 0.00528555 | -2.276910186 42.36528823 2.31893E+42 4.31233E-43
Ao 89 0.00494852 | -2.305525094 42.56559258 3.67784E+42 2.71899E-43
Ac 90 0.0046554 | -2.332042964 42.75121767 5.6392E+42 1.7733E-43
Ac 91 0.00434735| -2.361775153 42.959343 9.10632E+42 1.09814E-43




Ac 92 0.00410045 | -2.387168732 43.13709805 1.37119E+43 7.29293E-44
Ac 93 0.0038364 | -2.416075928 43.33944842 2.18498E+43 4.57669E-44
Ac 94 0.00361878 | -2.441438026 43.51698311 3.28839E+43 3.041E-44
Ao 95 0.00338888 | -2.469943427 43.71652092 5.2062E+43 1.92079E-44
Ao 96 0.00316882 | -2.499102911 43.9206373 8.32985E+43 1.2005E-44
Ac 97 0.00298334 | -2.52529769 44.10400075 1.27058E+44 7.87044E-45
Ac 98 0.00281382 | -2.550703783 44.28184341 1.91357E+44 5.22585E-45
Ac 99 0.0026398 | -2.578429095 44.47592059 2.99172E+44 3.34256E-45
Ao 100 0.00247003 | -2.60729717 44.67799712 4.76428E+44 2.09895E-45
Ac 101 0.00232843 | -2.632937531 44.85747965 7.20244E+44 1.38842E-45
Ao 102 0.00218164 | -2.661217426 45.05543891 1.13616E+45 8.80159E-46

DANO TOTAL 3.92968E-31

1.1.10 Tren tipo 10
1.1.10.1 Armadura activa
Ao (N/mm2) Log(Ao) Log(N*) N Dafio (1/N)

Ac 1 0.00025193 | -3.598722229 45.74532433 5.5632E+45 1.79753E-46
Ac 2 8.9855E-05| -4.04645562 48.87945806 7.57632E+48 1.3199E-49
Ac 3 0.00023506 | -3.62881701 45.95598779 9.03624E+45 1.10665E-46
Ac 4 0.0028497 | -2.545200407 38.37067157 2.34786E+38 4,2592E-39
Ac 5 0.01847161 | -1.733495181 32.68873499 4.88354E+32 2.04769E-33
Ac 6 0.00295945 | -2.528789704 38.25579665 1.80217E+38 5.54885E-39
Ao 7 0.00018765 | -3.726658053 46.64087509 4.37396E+46 2.28626E-47
Ac 8 0.0026346 | -2.579284611 38.60926099 4.06688E+38 2.45889E-39
Ac 9 0.0206299 | -1.685502859 32.35278874 2.25314E+32 4.43824E-33
Ac 10 0.0083943 | -2.076015747 35.08637895 1.22005E+35 8.19636E-36
Ac 11 0.00894059| -2.048634033 34.89470695 7.84706E+34 1.27436E-35
Ac 12 0.04416548 | -1.354917084 30.03868831 1.09317E+30 9.1477E-31
Ac 13 7.7185E-05 -4.11246655 49.34153457 2.19551E+49 4.55476E-50
Ac 14 3.0331E-05| -4.518113979 52.18106658 1.51728E+52 6.59073E-53
Ao 15 3.8977E-05| -4.409193725 51.4186248 2.62195E+51 3.81395E-52
Ao 16 0.15745108 | -0.802854365 26.17424928 1.49365E+26 6.695E-27
Ac 17 0.00453555 | -2.343369751 36.95785697 9.07522E+36 1.1019E-37
Ac 18 0.02349624 | -1.629001636 31.95728017 9.06317E+31 1.10337E-32
Ac 19 0.00027539 | -3.560057217 45.47466924 2.98311E+45 3.35221E-46
Ao 20 0.07088323 | -1.149456523 28.60046438 3.98533E+28 2.5092E-29
Ac 21 0.02590939| -1.586542732 31.66006785 4.5716E+31 2.18742E-32
Ao 22 0.03774718 | -1.423115541 30.51607751 3.28154E+30 3.04735E-31
Ao 23 0.00050466 | -3.296999455 43.63326491 4.29799E+43 2.32667E-44
Ac 24 0.0360385 | -1.443233322 30.65690198 4.53839E+30 2.20342E-31
Ao 25 0.04317549 | -1.364762692 30.10760757 1.28117E+30 7.80535E-31
Ao 26 0.01066066 | -1.972215783 34.3597792 2.2897E+34 4.36738E-35
Ao 27 0.00042141 | -3.375299779 44.18136718 1.51833E+44 6.58617E-45
Ao 28 0.02545725| -1.59418854 31.7135885 5.17117E+31 1.9338E-32
Ao 29 0.00045727 | -3.339827461 43.93306095 8.57158E+43 1.16665E-44
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Ao 30 0.00354672 | -2.450172722 37.70547777 5.07549E+37 1.97025E-38
Ao 31 0.04129262 | -1.384127586 30.24316183 1.7505E+30 5.71266E-31
Ao 32 0.02631159| -1.579852952 31.61323939 4.1043E+31 2.43647E-32
Ao 33 0.00033559 | -3.474194386 44.87362942 7.47531E+44 1.33774E-45
Ao 34 0.00078261 | -3.106454467 42.29944999 1.99274E+42 5.01822E-43
Ao 35 6.6605E-05 | -4.176492334 49.78971506 6.16191E+49 1.62287E-50
Ao 36 0.00758146 | -2.120247337 35.39600008 2.48886E+35 4.01791E-36
Ao 37 0.001587 | -2.799424371 40.15023932 1.41332E+40 7.07556E-41
Ao 38 0.00489804 | -2.309977794 36.72411328 5.29802E+36 1.8875E-37
Ao 39 0.03804306 | -1.419724606 30.49234096 3.107E+30 3.21854E-31
Ac 40 0.03473586 | -1.459222006 30.76882276 5.8725E+30 1.70285E-31
Ac 41 0.00399375| -2.398619566 37.34460569 2.21109E+37 4.52266E-38
Ac 42 0.00360052 | -2.443634832 37.65971254 4.56786E+37 2.18921E-38
Ac 43 0.02961366 | -1.528507848 31.25382365 1.79401E+31 5.57412E-32
Ac 44 0.04493669 | -1.347398954 29.9860614 9.68415E+29 1.03262E-30
Ao 45 0.00323419 | -2.490234295 37.98590879 9.68075E+37 1.03298E-38
Ao 46 0.00693718 | -2.158817022 35.66598787 4.63434E+35 2.1578E-36
Ao 47 0.00050594 | -3.295898582 43.62555879 4.22239E+43 2.36832E-44
Ao 48 9.3503E-05| -4.029172817 48.75847844 5.73427E+48 1.7439E-49
Ao 49 0.02619247 | -1.581823602 31.62703394 4.23676E+31 2.36029E-32
Ao 50 0.00034071 | -3.467614041 44.82756701 6.72306E+44 1.48742E-45
Ao 51 2.0494E-05 | -4.688375695 53.37289858 2.35993E+53 4.23742E-54
Ao 52 0.02906417 | -1.536642042 31.31076301 2.04533E+31 4.88919E-32
Ao 53 0.13964662 | -0.854969582 26.53905579 3.45984E+26 2.89031E-27
Ao 54 0.00907623 | -2.042094529 34.84893043 7.06204E+34 1.41602E-35
Ao 55 0.11102947| -0.954561744 27.23620093 1.72267E+27 5.80496E-28
Ao 56 0.00827338 | -2.082316945 35.13048734 1.35048E+35 7.40479E-36
Ao 57 0.04791342 | -1.319542798 29.7910683 6.18114E+29 1.61783E-30
Ao 58 0.00668075 | -2.175174747 35.78049195 6.03243E+35 1.65771E-36
Ao 59 0.04845193 | -1.314688956 29.75709141 5.71599E+29 1.74948E-30
Ao 60 0.01407684 | -1.851494824 33.51473249 3.27139E+33 3.0568E-34
Ao 61 0.00010398 | -3.98304663 48.43559513 2.72643E+48 3.66779E-49
Ao 62 0.00072805 | -3.137841608 42.51915998 3.30491E+42 3.0258E-43
Ao 63 0.00026599 | -3.575142828 45.58026851 3.80425E+45 2.62864E-46
Ao 64 3.6902E-05| -4.432952419 51.58493565 3.84535E+51 2.60054E-52
Ao 65 0.01961863 | -1.707331322 32.50558797 3.20323E+32 3.12185E-33
Ao 66 0.0209697 | -1.678407735 32.30312287 2.00966E+32 4.97596E-33
Ao 67 0.01748669 | -1.757292399 32.85531552 7.16664E+32 1.39535E-33
Ao 68 0.01499509 | -1.824050801 33.32262433 2.10196E+33 4.75747E-34
Ao 69 0.01463329 | -1.834658095 33.39687539 2.49388E+33 4.00982E-34
Ao 70 0.01483304 | -1.828769867 33.35565779 2.26808E+33 4.40902E-34
Ac 71 0.01370352 | -1.863167915 33.59644413 3.94861E+33 2.53254E-34
Ac 72 0.01258043 | -1.900304591 33.85640086 7.18457E+33 1.39187E-34
Ac 73 0.01126519| -1.948261315 34.19209793 1.55632E+34 6.42543E-35
Ac 74 0.01072613 | -1.969557016 34.34116783 2.19365E+34 4.55861E-35
Ac 75 0.01067272 | -1.971725046 34.35634404 2.27166E+34 4.40206E-35
Ac 76 0.0099921 | -2.000343173 34.55667093 3.60306E+34 2.77542E-35
Ao 77 0.00877493 | -2.05675629 34.95156275 8.94464E+34 1.11799E-35




Ac 78 0.00826214 | -2.082907684 35.13462251 1.3634E+35 7.33462E-36
Ac 79 0.00826253 | -2.082886813 35.13447641 1.36294E+35 7.33709E-36
Ao 80 0.00762698 | -2.11764746 35.37780094 2.38672E+35 4.18986E-36
Ac 81 0.00692646 | -2.159488709 35.67068968 4.68479E+35 2.13457E-36
Ac 82 0.00655503 | -2.183425096 35.8382444 6.8904E+35 1.45129E-36
Ac 83 0.00631639 | -2.199530731 35.95098383 8.93272E+35 1.11948E-36
Ac 84 0.00583419 | -2.234019691 36.19240656 1.55742E+36 6.42086E-37
Ac 85 0.00551973 | -2.258081893 36.36084197 2.29531E+36 4.3567E-37
Ac 86 0.00515864 | -2.287464442 36.56651981 3.6857E+36 2.71319E-37
Ao 87 0.00479066 | -2.319604335 36.79149907 6.18727E+36 1.61622E-37
Ao 88 0.00451713 | -2.345137011 36.9702278 9.33744E+36 1.07096E-37
Ao 89 0.004357| -2.360812434 37.07995576 1.20214E+37 8.31848E-38
Ac 90 0.00400644 | -2.397241429 37.33495872 2.16251E+37 4.62425E-38
Ac 91 0.00369867 | -2.431954132 37.57794765 3.78397E+37 2.64273E-38
Ac 92 0.00354364 | -2.450550875 37.70812484 5.10652E+37 1.95828E-38
Ac 93 0.00335977 | -2.473690764 37.87010407 7.41488E+37 1.34864E-38
Ac 94 0.00309412 | -2.509463465 38.12051298 1.31981E+38 7.57682E-39
Ac 95 0.0029078 | -2.536435384 38.30931641 2.03853E+38 4.9055E-39
Ac 96 0.00277437| -2.55683522 38.45211526 2.83214E+38 3.53089E-39
Ac 97 0.00257955| -2.58845605 38.67346107 4.71478E+38 2.12099E-39
Ac 98 0.00241219 | -2.617588624 38.87738909 7.54031E+38 1.32621E-39
Ao 99 0.00228301 | -2.641492209 39.04471419 1.10845E+39 9.02165E-40
Ac 100 0.00214212 | -2.669156817 39.23836644 1.73128E+39 5.77608E-40
Ac 101 0.00198992 | -2.701165131 39.46242464 2.90018E+39 3.44806E-40
Ac 102 0.00189277 | -2.72290235 39.61458517 4.11704E+39 2.42893E-40
Ac 103 0.00178111| -2.749310317 39.79944094 6.30146E+39 1.58693E-40
Ac 104 0.00165466 | -2.781291992 40.02331267 1.05515E+40 9.47736E-41
Ac 105 0.00155357 | -2.808669965 40.21495848 1.64043E+40 6.09595E-41
Ac 106 0.0014787 | -2.830118668 40.3650994 2.31793E+40 4.3142E-41
Ao 107 0.00137564 | -2.861496248 40.58474246 3.84364E+40 2.6017E-41
Ao 108 0.00128164 | -2.892233009 40.79989978 6.30812E+40 1.58526E-41
Ao 109 0.00121528 | -2.915324205 40.96153816 9.15247E+40 1.0926E-41
Ao 110 0.00114379| -2.941654432 41.14584974 1.3991E+41 7.14744E-42
Ac 111 0.00106575 | -2.972346252 41.36069249 2.29452E+41 4.3582E-42

DANO TOTAL 1.01988E-26

1.1.10.2 Armadura pasiva
Ac (N/mm?2) Log(Ao) Log(N*) N Dafio (1/N)

Acl 0.00036992 | -3.431895603 50.45018615 2.81959E+50 3.54661E-51
Ac 2 0.00013194 | -3.879628994 53.58431988 3.8399E+53 2.60423E-54
Ac 3 0.00034515| -3.461990383 50.66084961 4.57983E+50 2.18349E-51
Ac 4 0.00418433 -2.37837378 43.07553339 1.18996E+43 8.40362E-44
Ac 5 0.02712261| -1.566668554 37.39359681 2.47512E+37 4.0402E-38
Ac 6 0.00434547 | -2.361963078 42.96065847 9.13395E+42 1.09482E-43
Ac7 0.00027553 | -3.559831426 51.34573691 2.21685E+51 4.5109E-52
Ac 8 0.00386849 | -2.412457984 43.31412282 2.06121E+43 4.85151E-44
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Ac 9 0.03029171| -1.518676233 37.05765056 1.14196E+37 8.75688E-38
Ac 10 0.01232568 | -1.90918912 39.79124077 6.18359E+39 1.61718E-40
Ac 11 0.01312782 | -1.881807406 39.59956877 3.97712E+39 2.51438E-40
Ao 12 0.06484993 | -1.188090458 34.74355013 5.54051E+34 1.80489E-35
Ao 13 0.00011333 | -3.945639924 54.04639639 1.11275E+54 8.98677E-55
Ao 14 4.4536E-05| -4.351287353 56.8859284 7.69004E+56 1.30038E-57
Ao 15 5.7231E-05| -4.242367098 56.12348662 1.32888E+56 7.52512E-57
Ao 16 0.23119171| -0.636027739 30.8791111 7.57027E+30 1.32096E-31
Ao 17 0.00665973 | -2.176543124 41.6627188 4.59959E+41 2.17411E-42
Ao 18 0.03450047 | -1.462175009 36.66214199 4.59348E+36 2.177E-37
Ac 19 0.00040436 | -3.393230591 50.17953106 1.51193E+50 6.61407E-51
Ao 20 0.10408068 | -0.982629896 33.3053262 2.01988E+33 4.95078E-34
Ao 21 0.0380438 | -1.419716106 36.36492967 2.31702E+36 4.31589E-37
Ao 22 0.05542569 | -1.256288915 35.22093933 1.66318E+35 6.01258E-36
Ao 23 0.00074102 | -3.130172829 48.33812673 2.17835E+48 4.59064E-49
Ao 24 0.05291677 | -1.276406696 35.3617638 2.30019E+35 4.34747E-36
Ao 25 0.0633963 | -1.197936066 34.81246939 6.49336E+34 1.54004E-35
Ao 26 0.01565348 | -1.805389156 39.06464102 1.16049E+39 8.61706E-40
Ao 27 0.00061877 | -3.208473153 48.886229 7.69536E+48 1.29948E-49
Ao 28 0.0373799 | -1.427361914 36.41845032 2.6209E+36 3.81548E-37
Ao 29 0.00067143 | -3.173000835 48.63792277 4.34433E+48 2.30185E-49
Ao 30 0.0052078 | -2.283346095 42.41033959 2.57241E+42 3.88741E-43
Ao 31 0.0606316| -1.21730096 34.94802365 8.87204E+34 1.12714E-35
Ao 32 0.03863436 | -1.413026326 36.31810121 2.08018E+36 4.80727E-37
Ao 33 0.00049276| -3.30736776 49.57849124 3.78871E+49 2.63942E-50
Ao 34 0.00114914 | -2.939627841 47.00431181 1.00998E+47 9.90121E-48
Ao 35 9.7799E-05| -4.009665707 54.49457688 3.12304E+54 3.20201E-55
Ao 36 0.01113216 | -1.953420711 40.1008619 1.26143E+40 7.92753E-41
Ao 37 0.00233025 | -2.632597744 44.85510114 7.1631E+44 1.39604E-45
Ao 38 0.00719199 | -2.143151167 41.4289751 2.68519E+41 3.72413E-42
Ao 39 0.05586014 | -1.252897979 35.19720278 1.57472E+35 6.35034E-36
Ao 40 0.05100404 | -1.29239538 35.47368459 2.97635E+35 3.35982E-36
Ac 41 0.00586418 | -2.23179294 42.04946751 1.12064E+42 8.92344E-43
Ac 42 0.00528679 | -2.276808205 42.36457436 2.31512E+42 4.31942E-43
Ac 43 0.04348293 | -1.361681221 35.95868547 9.09255E+35 1.0998E-36
Ac 44 0.06598233 | -1.180572327 34.69092322 4.90821E+34 2.0374E-35
Ac 45 0.00474889 | -2.323407668 42.69077061 4.90649E+42 2.03812E-43
Ao 46 0.01018614 | -1.991990395 40.37084969 2.34882E+40 4.25746E-41
Ac 47 0.0007429 | -3.129071955 48.33042061 2.14003E+48 4.67282E-49
Ao 48 0.00013729 | -3.862346191 53.46334026 2.9063E+53 3.4408E-54
Ao 49 0.03845945 | -1.414996976 36.33189576 2.14732E+36 4.65698E-37
Ao 50 0.00050028 | -3.300787414 49.53242883 3.40744E+49 2.93475E-50
Ao 51 3.0092E-05| -4.521549068 58.0777604 1.19608E+58 8.36064E-59
Ac 52 0.04267609 | -1.369815415 36.01562483 1.03663E+36 9.64662E-37
Ao 53 0.20504871| -0.688142956 31.24391762 1.75355E+31 5.70272E-32
Ao 54 0.01332699 | -1.875267903 39.55379225 3.57925E+39 2.79388E-40
Ao 55 0.16302901 | -0.787735118 31.94106275 8.73098E+31 1.14535E-32
Ao 56 0.01214814 | -1.915490319 39.83534916 6.84462E+39 1.461E-40




Ao 57 0.0703532 | -1.152716171 34.49593013 3.13278E+34 3.19205E-35
Ao 58 0.00980961 | -2.008348121 40.48535377 3.05741E+40 3.27074E-41
Ao 59 0.0711439| -1.147862329 34.46195323 2.89703E+34 3.45181E-35
Ao 60 0.02066959 | -1.684668197 38.21959431 1.65804E+38 6.03123E-39
Ao 61 0.00015268 | -3.816220004 53.14045695 1.38184E+53 7.23674E-54
Ao 62 0.00106902 | -2.971014982 47.2240218 1.67503E+47 5.97005E-48
Ao 63 0.00039056 | -3.408316201 50.28513034 1.9281E+50 5.18644E-51
Ao 64 5.4184E-05| -4.266125793 56.28979747 1.94894E+56 5.13101E-57
Ao 65 0.02880682 | -1.540504695 37.21044979 1.62349E+37 6.15957E-38
Ao 66 0.03079065 | -1.511581109 37.00798469 1.01856E+37 9.81783E-38
Ao 67 0.02567641 | -1.590465773 37.56017734 3.63226E+37 2.7531E-38
Ao 68 0.0220179| -1.657224174 38.02748615 1.06533E+38 9.38672E-39
Ao 69 0.02148664 | -1.667831469 38.10173721 1.26397E+38 7.91157E-39
Ac 70 0.02177994 | -1.66194324 38.06051961 1.14953E+38 8.69922E-39
Ac 71 0.02012142 | -1.696341289 38.30130595 2.00127E+38 4.99682E-39
Ao 72 0.01847235 | -1.733477964 38.56126268 3.64135E+38 2.74623E-39
Ao 73 0.01654114 | -1.781434688 38.89695975 7.88787E+38 1.26777E-39
Ao 74 0.0157496 | -1.802730389 39.04602965 1.11181E+39 8.99436E-40
Ao 75 0.01567118 | -1.804898419 39.06120586 1.15135E+39 8.68549E-40
Ao 76 0.0146718 | -1.833516546 39.26153275 1.82613E+39 5.47605E-40
Ao 77 0.01288458 | -1.889929664 39.65642457 4.53341E+39 2.20585E-40
Ac 78 0.01213162 | -1.916081057 39.83948433 6.9101E+39 1.44716E-40
Ao 79 0.01213221| -1.916060186 39.83933823 6.90778E+39 1.44764E-40
Ao 80 0.011199| -1.950820834 40.08266276 1.20966E+40 8.2668E-41
Ao 81 0.0101704 | -1.992662082 40.3755515 2.37439E+40 4.21161E-41
Ac 82 0.00962502 | -2.01659847 40.54310622 3.49226E+40 2.86348E-41
Ao 83 0.00927462 | -2.032704104 40.65584566 4.52737E+40 2.20879E-41
Ao 84 0.00856657 | -2.067193065 40.89726838 7.89348E+40 1.26687E-41
Ao 85 0.00810485 | -2.091255267 41.0657038 1.16333E+41 8.596E-42
Ao 86 0.00757464 | -2.120637815 41.27138163 1.86802E+41 5.35326E-42
Ao 87 0.00703432 | -2.152777708 41.49636089 3.13589E+41 3.18889E-42
Ao 88 0.00663269 | -2.178310385 41.67508962 4.73249E+41 2.11305E-42
Ao 89 0.00639756 | -2.193985808 41.78481758 6.09281E+41 1.64128E-42
Ac 90 0.00588282 | -2.230414802 42.03982054 1.09603E+42 9.12388E-43
Ac 91 0.00543091 | -2.265127506 42.28280947 1.91783E+42 5.21423E-43
Ac 92 0.00520326 | -2.283724248 42.41298666 2.58813E+42 3.86379E-43
Ac 93 0.00493328 | -2.306864137 42.57496589 3.75808E+42 2.66093E-43
Ac 94 0.00454321 | -2.342636838 42.8253748 6.68921E+42 1.49494E-43
Ac 95 0.00426964 | -2.369608758 43.01417823 1.03319E+43 9.67881E-44
Ao 96 0.00407372 | -2.390008594 43.15697708 1.43541E+43 6.96663E-44
Ao 97 0.00378766 | -2.421629424 43.37832289 2.38959E+43 4.18482E-44
Ao 98 0.00354191 | -2.450761997 43.58225091 3.82165E+43 2.61667E-44
Ac 99 0.00335223 | -2.474665583 43.74957601 5.61793E+43 1.78002E-44
Ac 100 0.00314536| -2.50233019 43.94322826 8.77462E+43 1.13965E-44
Ac 101 0.00292187 | -2.534338504 44.16728646 1.4699E+44 6.8032E-45
Ao 102 0.00277923 | -2.556075724 44.319447 2.08664E+44 4.7924E-45
Ao 103 0.00261527 | -2.582483691 44.50430276 3.19376E+44 3.1311E-45
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Ao 104 0.0024296 | -2.614465366 44.72817449 5.34779E+44 1.86993E-45
Ao 105 0.00228116 | -2.641843339 44.9198203 8.3142E+44 1.20276E-45
Ao 106 0.00217124 | -2.663292042 45.06996122 1.17479E+45 8.51214E-46
Ao 107 0.0020199 | -2.694669622 45.28960428 1.94807E+45 5.13329E-46
Ao 108 0.00188189 | -2.725406382 45.5047616 3.19714E+45 3.1278E-46
Ao 109 0.00178444 | -2.748497579 45.66639998 4.63874E+45 2.15576E-46
Ao 110 0.00167947 | -2.774827805 45.85071156 7.09107E+45 1.41023E-46
Ac 111 0.00156488 | -2.805519626 46.06555431 1.16293E+46 8.59896E-47
DANO TOTAL 2.01228E-31
1.1.11 Tren tipo 11
1.1.11.1  Armadura activa
Ao (N/mm2) Log(Ao) Log(N*) N Dafio (1/N)
Aol 0.00054215| -3.265883319 43.41545196 2.60287E+43 3.84192E-44
Ao 2 0.00019651 | -3.706622191 46.50062406 3.16682E+46 3.15774E-47
Ac 3 0.00010362 | -3.984536419 48.44602366 2.7927E+48 3.58077E-49
Ac 4 2.0105E-05 | -4.696706687 53.43121553 2.69908E+53 3.70497E-54
Ac 5 0.00045916 | -3.338031958 43.92049243 8.32707E+43 1.2009E-44
Ac 6 0.00572616 | -2.242136372 36.24922333 1.7751E+36 5.63348E-37
Ao 7 0.0480182 | -1.318594138 29.78442769 6.08734E+29 1.64275E-30
Ac 8 0.00016677 | -3.777884693 46.99946157 9.98761E+46 1.00124E-47
Ac 9 0.00032637 | -3.486296254 44.9583425 9.08537E+44 1.10067E-45
Ac 10 0.00512693 | -2.290142636 36.58526717 3.84828E+36 2.59856E-37
Ac 11 0.03902984 | -1.408603269 30.4144916 2.59712E+30 3.85042E-31
Ao 12 0.01741775| -1.759007865 32.86732378 7.36756E+32 1.3573E-33
Ao 13 0.01285351| -1.890978301 33.79111682 6.18183E+33 1.61764E-34
Ac 14 0.54415967| -0.264273651 22.40418428 2.5362E+22 3.9429E-23
Ao 15 0.00240419 | -2.619031405 38.88748855 7.71771E+38 1.29572E-39
Ao 16 0.00110411 | -2.956988411 41.2531876 1.79138E+41 5.58229E-42
Ao 17 0.02580949 | -1.588220627 31.67181311 4.69692E+31 2.12906E-32
Ac 18 0.12408791 | -0.906270513 26.89816231 7.90974E+26 1.26426E-27
Ac 19 0.01404087 -1.85260588 33.52250988 3.3305E+33 3.00255E-34
Ac 20 0.00633517 | -2.198241565 35.94195968 8.74903E+35 1.14298E-36
Ao 21 0.01742236 | -1.758892907 32.86651907 7.35392E+32 1.35982E-33
Ao 22 0.02243696 | -1.649035947 32.09752035 1.25176E+32 7.98877E-33
Ao 23 0.008683 | -2.061330043 34.98357902 9.62895E+34 1.03853E-35
Ao 24 0.07694685 | -1.113809127 28.35093261 2.24353E+28 4.45725E-29
Ao 25 0.00344297| -2.463066413 37.79573361 6.24789E+37 1.60054E-38
Ao 26 0.03315783 | -1.479413954 30.9101664 8.13142E+30 1.2298E-31
Ao 27 0.03236625 | -1.489907622 30.98362207 9.62991E+30 1.03843E-31
Ao 28 0.00052772 | -3.277598461 43.49745795 3.14382E+43 3.18084E-44
Ao 29 0.12444912 | -0.905008171 26.88932592 7.75043E+26 1.29025E-27
Ao 30 0.00457782 | -2.339341129 36.92965663 8.50465E+36 1.17583E-37
Ao 31 0.02514087 | -1.599619628 31.75160612 5.64425E+31 1.77172E-32
Ao 32 0.15798096 | -0.801395254 26.1640355 1.45893E+26 6.85432E-27
Ao 33 0.13063187 -0.88395086 26.74192474 5.51982E+26 1.81165E-27




Ao 34 0.00377856 | -2.422673661 37.51298435 3.25825E+37 3.06913E-38
Ao 35 0.03602185| -1.44343403 30.65830693 4.5531E+30 2.19631E-31
Ao 36 0.1041115| -0.982501296 27.43177779 2.70258E+27 3.70017E-28
Ao 37 0.00371067 | -2.430547182 37.568099 3.69912E+37 2.70334E-38
Ao 38 0.06721738 | -1.172518402 28.76189754 5.7796E+28 1.73022E-29
Ao 39 0.13798021 | -0.860183206 26.57555116 3.76315E+26 2.65735E-27
Ao 40 0.00658494 | -2.181448073 35.82440524 6.67429E+35 1.49829E-36
Ac 41 0.03886153 | -1.410480101 30.42762943 2.67688E+30 3.73569E-31
Ao 42 0.11072718 | -0.955745751 27.24448898 1.75586E+27 5.69523E-28
Ac 43 0.00940541 | -2.026622149 34.74062376 5.50331E+34 1.81709E-35
Ac 44 0.06784757 | -1.168465704 28.73352865 5.41413E+28 1.84702E-29
Ao 45 0.14009236 | -0.853585553 26.52936759 3.38351E+26 2.95551E-27
Ao 46 0.00993697 | -2.002745902 34.57349004 3.74533E+34 2.66999E-35
Ao 47 0.04179728 | -1.378851985 30.20623262 1.6078E+30 6.21967E-31
Ao 48 0.11533574 | -0.938036075 27.12052125 1.31984E+27 7.57668E-28
Ao 49 0.01306613 | -1.88385293 33.74123923 5.51111E+33 1.81452E-34
Ao 50 0.06824976 | -1.165898858 28.71556072 5.1947E+28 1.92504E-29
Ao 51 0.14011541 | -0.853514085 26.52886732 3.37962E+26 2.95892E-27
Ao 52 0.01190951 | -1.924106135 34.02301167 1.05442E+34 9.48393E-35
Ao 53 0.04412462 | -1.355319058 30.04150213 1.10028E+30 9.08862E-31
Ao 54 0.11782063 | -0.928778665 27.05571937 1.13689E+27 8.79591E-28
Ao 55 0.01645019 | -1.783829195 33.04107308 1.09919E+33 9.0976E-34
Ao 56 0.07072184 | -1.150446466 28.60739399 4.04943E+28 2.46948E-29
Ao 57 0.04708854 | -1.327084733 29.84386185 6.9801E+29 1.43264E-30
Ao 58 0.00022799 | -3.642075675 46.04879845 1.11892E+46 8.9372E-47
Ao 59 0.09387865 | -1.027433179 27.74630097 5.57572E+27 1.79349E-28
Ao 60 0.01271389 | -1.895721406 33.82431857 6.67296E+33 1.49859E-34
Ao 61 0.04340477 | -1.362462555 30.0915066 1.23454E+30 8.10016E-31
Ao 62 0.11006241 | -0.958360974 27.26279554 1.83145E+27 5.46015E-28
Ao 63 0.00763269 | -2.117322292 35.37552476 2.37424E+35 4.21187E-36
Ao 64 0.08429391 | -1.074203787 28.07369523 1.18494E+28 8.43927E-29
Ao 65 0.13810573 | -0.859788294 26.57278678 3.73927E+26 2.67432E-27
Ao 66 0.02314528 | -1.635537525 32.00303139 1.007E+32 9.93044E-33
Ao 67 0.03037066 | -1.517545807 31.17708937 1.50345E+31 6.65136E-32
Ao 68 0.11425725| -0.942116217 27.14908224 1.40956E+27 7.09443E-28
Ao 69 0.00292934 | -2.533229513 38.28687531 1.93587E+38 5.16565E-39
Ac 70 0.07836349 | -1.105886205 28.29547215 1.97457E+28 5.0644E-29
Ac 71 0.19525165 | -0.709405284 25.52010571 3.31212E+25 3.01922E-26
Ac 72 0.00253996 | -2.595172963 38.72047946 5.25387E+38 1.90336E-39
Ac 73 0.06683568 | -1.174991603 28.77920994 6.01464E+28 1.66261E-29
Ao 74 0.04583201 | -1.338831066 29.92608618 8.43502E+29 1.18553E-30
Ao 75 0.0240214 | -1.619401766 31.89008108 7.76392E+31 1.28801E-32
Ao 76 0.0190939 | -1.719105426 32.5880067 3.87264E+32 2.58222E-33
Ao 77 0.28906625 | -0.539002604 24.32728695 2.12465E+24 4.70666E-25
Ao 78 0.00066349 | -3.178165918 42.80143014 6.33039E+42 1.57968E-43
Ao 79 0.05333406 | -1.272995386 29.46523643 2.91902E+29 3.42581E-30
Ao 80 0.03621141| -1.441154507 30.64235027 4.38885E+30 2.2785E-31
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Ao 81 0.03036169 | -1.517674039 31.17798699 1.50656E+31 6.63763E-32
Ao 82 0.03783684 | -1.422085186 30.50886503 3.22749E+30 3.09838E-31
Ao 83 0.18716575| -0.72777362 25.64868406 4.45332E+25 2.24551E-26
Ao 84 0.01116311 | -1.952214831 34.21977254 1.65872E+34 6.02875E-35
Ao 85 0.03294469 | -1.482214582 30.92977079 8.50689E+30 1.17552E-31
Ao 86 0.04188438 | -1.377947925 30.19990419 1.58454E+30 6.31097E-31
Ao 87 0.04558954 | -1.341134743 29.94221192 8.75411E+29 1.14232E-30
Ao 88 0.03522184 | -1.453187936 30.72658428 5.32825E+30 1.87679E-31
Ao 89 0.02499725 | -1.602107761 31.76902305 5.87521E+31 1.70207E-32
Ac 90 0.02994317| -1.523702256 31.22018451 1.66029E+31 6.02304E-32
Ac 91 0.03416331 | -1.466440095 30.81934938 6.59704E+30 1.51583E-31
Ac 92 0.02988598 | -1.524532541 31.22599651 1.68266E+31 5.94297E-32
Ac 93 0.02259199 -1.6460456 32.07658792 1.19286E+32 8.38324E-33
Ac 94 0.02295806 | -1.639064861 32.02772275 1.06592E+32 9.38161E-33
Ao 95 0.02840068 | -1.54667122 31.38096726 2.40418E+31 4.15942E-32
Ao 96 0.02443287 | -1.612025439 31.83844679 6.89361E+31 1.45062E-32
Ao 97 0.01731168 | -1.761660668 32.8858934 7.68942E+32 1.30049E-33
Ao 98 0.01821235| -1.739633954 32.7317064 5.39146E+32 1.85479E-33
Ac 99 0.02157965 | -1.665955572 32.21595773 1.64421E+32 6.08194E-33
Ao 100 0.01901024 | -1.721012321 32.60135497 3.99351E+32 2.50406E-33
Ac 101 0.01186248 | -1.925824663 34.03504136 1.08403E+34 9.22484E-35
Ac 102 0.01108024 | -1.955450953 34.24242539 1.74753E+34 5.72235E-35
Ao 103 0.01631923 | -1.787300342 33.06537112 1.16244E+33 8.60258E-34
Ac 104 0.01597662 | -1.796515006 33.12987376 1.34857E+33 7.41526E-34
Ao 105 0.01086039 | -1.964154627 3430335111 2.01072E+34 4.97335E-35
Ao 106 0.00989437 | -2.004611807 34.58655137 3.85968E+34 2.59089E-35
Ao 107 0.01329484 | -1.876316734 33.68848586 4.88074E+33 2.04887E-34
Ao 108 0.01336301 | -1.874095628 33.67293812 4.7091E+33 2.12355E-34
Ao 109 0.0083524 | -2.078188803 35.10159034 1.26354E+35 7.91425E-36
Ac 110 0.00640461 | -2.193507433 35.90882075 8.10626E+35 1.23361E-36
Ac 111 0.00964262 | -2.015805106 34.66490446 4.62279E+34 2.16319E-35
Ao 112 0.01030221 | -1.987069509 34.46375529 2.90908E+34 3.43752E-35
Ac 113 0.00635699 | -2.196748777 35.93151016 8.54103E+35 1.17082E-36
Ac 114 0.00429822 | -2.366711255 37.12124751 1.32205E+37 7.56402E-38
Ao 115 0.00710901 | -2.148190957 35.59160542 3.90486E+35 2.56091E-36
Ao 116 0.00881527 | -2.054764602 34.93762093 8.66205E+34 1.15446E-35
Ao 117 0.00585823 -2.2322337 36.17990462 1.51323E+36 6.60839E-37
Ac 118 0.00367334 | -2.434939245 37.59884344 3.97048E+37 2.51858E-38
Ao 119 0.00565831| -2.24731322 36.28546126 1.92957E+36 5.18249E-37
Ao 120 0.0071684 | -2.144577617 35.56631204 3.68394E+35 2.71449E-36
Ac 121 0.00475435| -2.32290877 36.81463011 6.52575E+36 1.53239E-37
Ao 122 0.00216849 | -2.663842054 39.2011631 1.58914E+39 6.2927E-40
Ao 123 0.00356764 | -2.447619488 37.68760514 4.87085E+37 2.05303E-38
Ac 124 0.00552888 | -2.257362926 36.3558092 2.26887E+36 4.40748E-37
Ao 125 0.00389087 | -2.409952941 37.42393931 2.65423E+37 3.76756E-38
Ao 126 0.00165484 | -2.781242912 40.0229691 1.05431E+40 9.48486E-41
Ao 127 0.00273848 | -2.56249082 38.49170446 3.10245E+38 3.22326E-39
Ao 128 0.00468882 | -2.328936284 36.85682271 7.19155E+36 1.39052E-37




Ac 129 0.00369995 | -2.431804512 37.5769003 3.77486E+37 2.64911E-38
Ao 130 0.00146442 | -2.834334714 40.39461172 2.48091E+40 4.03077E-41
Ac 131 0.00185692 | -2.731206454 39.6727139 4.70667E+39 2.12464E-40
Ac 132 0.00357068 | -2.447249642 37.68501622 4.8419E+37 2.0653E-38
Ac 133 0.00296501 | -2.527973573 38.25008373 1.77862E+38 5.62233E-39
Ac 134 0.00091804 | -3.037137974 41.81423454 6.5198E+41 1.53379E-42
Ac 135 0.0010157| -2.993232622 41.50689707 3.2129E+41 3.11245E-42
Ac 136 0.00274072| -2.56213589 38.48921995 3.08475E+38 3.24175E-39
Ac 137 0.00259204 | -2.586357915 38.65877413 4,558E+38 2.19395E-39
Ac 138 0.0008579 | -3.066562076 42.02020325 1.04762E+42 9.54546E-43
Ac 139 0.0007609 | -3.118671069 42.3849662 2.42642E+42 4,1213E-43
Ao 140 0.00224823 | -2.648158922 39.09138118 1.23419E+39 8.1025E-40
Ac 141 0.00237619 | -2.624119222 38.92310327 8.37728E+38 1.1937E-39
Ac 142 0.00085455 | -3.068263139 42.03211069 1.07674E+42 9.2873E-43
Ac 143 0.00036652 | -3.435902079 44.60558327 4.03258E+44 2.4798E-45
Ac 144 0.00156633 | -2.805116097 40.1900814 1.54911E+40 6.45533E-41
Ac 145 0.00189738 | -2.721846204 39.60719215 4.04755E+39 2.47063E-40
Ac 146 0.0006435| -3.19145253 42.89443643 7.84217E+42 1.27516E-43
Ac 147 0.00013263 | -3.877356059 47.69576114 4.96319E+47 2.01483E-48
Ac 148 0.001197| -2.921907077 41.00761826 1.0177E+41 9.82611E-42
Ac 149 0.00169139| -2.77175497 39.95655351 9.04802E+39 1.10521E-40
Ac 150 0.00072447 | -3.139978905 42.53412106 3.42075E+42 2.92334E-43
Ac 151 9.4366E-05 | -4.025182607 48.73054697 5.37709E+48 1.85974E-49
Ac 152 0.00087828 | -3.056365835 41.94882956 8.88852E+41 1.12505E-42
Ac 153 0.00091421 | -3.038953207 41.82694117 6.71338E+41 1.48956E-42
DANO TOTAL 3.99791E-23
1.1.11.2 Armadura pasiva
Ao (N/mm2) Log(Ao) Log(N*) N Dafio (1/N)
Ac 1 0.00079606 | -3.099056693 48.12031378 1.31921E+48 7.5803E-49
Ac 2 0.00028854 | -3.539795565 51.20548588 1.60504E+51 6.23037E-52
Ac 3 0.00015216 | -3.817709793 53.15088548 1.41542E+53 7.06504E-54
Ac 4 2.952E-05| -4.529880061 58.13607735 1.36797E+58 7.31009E-59
Ac 5 0.00067421| -3.171205331 48.62535425 4.22041E+48 2.36944E-49
Ac 6 0.00840795 | -2.075309746 40.95408515 8.99674E+40 1.11151E-41
Ac 7 0.07050704 | -1.151767512 34.48928951 3.08524E+34 3.24123E-35
Ac 8 0.00024487 | -3.611058067 51.70432339 5.06201E+51 1.9755E-52
Ac 9 0.00047921 | -3.319469627 49.66320432 4.60473E+49 2.17168E-50
Ac 10 0.00752808 | -2.12331601 41.29012899 1.95042E+41 5.12709E-42
Ao 11 0.05730907 | -1.241776643 35.11935343 1.3163E+35 7.59708E-36
Ao 12 0.02557518 | -1.592181239 37.5721856 3.7341E+37 2.67802E-38
Ac 13 0.01887332 | -1.724151674 38.49597865 3.13313E+38 3.19169E-39
Ac 14 0.7990114 | -0.097447024 27.1090461 1.28542E+27 7.77954E-28
Ac 15 0.00353017 | -2.452204778 43.59235037 3.91156E+43 2.55652E-44
Ao 16 0.00162121 | -2.790161785 45.95804942 9.07924E+45 1.10141E-46
Ac 17 0.0378971 -1.421394 36.37667493 2.38054E+36 4.20073E-37
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Ao 18 0.18220325| -0.739443886 31.60302413 4.00889E+31 2.49446E-32
Ac 19 0.02061678 | -1.685779253 38.2273717 1.688E+38 5.92418E-39
Ao 20 0.00930219 | -2.031414939 40.6468215 4.43426E+40 2.25517E-41
Ac 21 0.02558195| -1.59206628 37.57138089 3.72718E+37 2.68299E-38
Ao 22 0.03294509 | -1.482209321 36.80238217 6.34428E+36 1.57622E-37
Ao 23 0.0127496 | -1.894503417 39.68844085 4.88024E+39 2.04908E-40
Ac 24 0.11298414 | -0.946982501 33.05579443 1.13709E+33 8.79439E-34
Ao 25 0.00505545 | -2.296239786 42.50059543 3.16662E+42 3.15795E-43
Ao 26 0.04868696 | -1.312587327 35.61502822 4.12124E+35 2.42645E-36
Ao 27 0.04752466 | -1.323080995 35.6884839 4.88072E+35 2.04888E-36
Ao 28 0.00077487 | -3.110771835 48.20231977 1.59338E+48 6.27596E-49
Ao 29 0.18273362 | -0.738181545 31.59418774 3.92815E+31 2.54573E-32
Ao 30 0.0067218 | -2.172514503 41.63451845 4.31041E+41 2.31997E-42
Ao 31 0.03691535 | -1.432793002 36.45646794 2.86067E+36 3.49568E-37
Ao 32 0.23196976 | -0.634568628 30.86889732 7.3943E+30 1.35239E-31
Ao 33 0.191812| -0.717124234 31.44678656 2.79761E+31 3.57448E-32
Ac 34 0.00554821 | -2.255847035 42.21784617 1.65138E+42 6.05555E-43
Ao 35 0.05289232 | -1.276607404 35.36316875 2.30764E+35 4.33342E-36
Ao 36 0.15287108 | -0.81567467 32.13663961 1.36974E+32 7.30063E-33
Ao 37 0.00544853 | -2.263720556 42.27296082 1.87483E+42 5.33383E-43
Ao 38 0.09869797 | -1.005691776 33.46675936 2.92927E+33 3.41382E-34
Ao 39 0.20260186| -0.69335658 31.28041298 1.90727E+31 5.24309E-32
Ac 40 0.00966893 | -2.014621447 40.52926706 3.38273E+40 2.95619E-41
Ac 41 0.05706194 | -1.243653474 35.13249125 1.35672E+35 7.3707E-36
Ac 42 0.16258515| -0.788919124 31.9493508 8.8992E+31 1.1237E-32
Ac 43 0.01381034 | -1.859795523 39.44548559 2.78924E+39 3.58521E-40
Ac 44 0.0996233 | -1.001639078 33.43839047 2.74404E+33 3.64426E-34
Ac 45 0.20570321| -0.686758926 31.23422941 1.71486E+31 5.83137E-32
Ao 46 0.01459085 | -1.835919276 39.27835186 1.89824E+39 5.26803E-40
Ac 47 0.06137262 | -1.212025359 34.91109444 8.14881E+34 1.22717E-35
Ac 48 0.16935209 | -0.771209448 31.82538307 6.68934E+31 1.49492E-32
Ac 49 0.01918553 | -1.717026303 38.44610105 2.79319E+38 3.58013E-39
Ac 50 0.10021386 | -0.999072231 33.42042255 2.63283E+33 3.7982E-34
Ao 51 0.20573707 | -0.686687458 31.23372914 1.71289E+31 5.83809E-32
Ao 52 0.01748721| -1.757279509 38.72787349 5.34409E+38 1.87123E-39
Ao 53 0.06478994 | -1.188492431 34.74636395 5.57653E+34 1.79323E-35
Ao 54 0.17300074 | -0.761952038 31.76058119 5.76211E+31 1.73548E-32
Ao 55 0.02415447| -1.617002568 37.74593491 5.57102E+37 1.795E-38
Ao 56 0.1038437| -0.98361984 33.31225581 2.05237E+33 4.87241E-34
Ac 57 0.06914199 | -1.160258107 34.54872367 3.53772E+34 2.82668E-35
Ao 58 0.00033477 | -3.475249049 50.75366027 5.67101E+50 1.76335E-51
Ac 59 0.13784577 | -0.860606552 32.45116279 2.82594E+32 3.53865E-33
Ao 60 0.01866832| -1.72889478 38.52918039 3.38205E+38 2.95678E-39
Ao 61 0.06373296 | -1.195635928 34.79636842 6.25703E+34 1.5982E-35
Ao 62 0.16160904 | -0.791534347 31.96765736 9.28234E+31 1.07731E-32
Ao 63 0.01120739| -1.950495665 40.08038658 1.20334E+40 8.31024E-41
Ao 64 0.12377212| -0.90737716 32.77855705 6.00561E+32 1.66511E-33
Ao 65 0.20278617 | -0.692961668 31.2776486 1.89517E+31 5.27657E-32




Ao 66 0.03398514 | -1.468710898 36.70789322 5.10379E+36 1.95933E-37
Ao 67 0.04459445| -1.35071918 35.88195119 7.61993E+35 1.31235E-36
Ao 68 0.1677685| -0.77528959 31.85394406 7.14404E+31 1.39977E-32
Ao 69 0.00430127 | -2.366402886 42.99173713 9.81154E+42 1.01921E-43
Ao 70 0.11506425 | -0.939059578 33.00033397 1.00077E+33 9.99231E-34
Ac 71 0.28669581 | -0.542578658 30.22496753 1.67868E+30 5.95707E-31
Ao 72 0.00372953 | -2.428346337 43.42534128 2.66282E+43 3.75542E-44
Ac 73 0.09813751 | -1.008164976 33.48407176 3.0484E+33 3.28041E-34
Ao 74 0.06729698 | -1.172004439 34.630948 4.27512E+34 2.33912E-35
Ac 75 0.03527158 | -1.452575139 36.5949429 3.93498E+36 2.54131E-37
Ao 76 0.02803633 | -1.552278799 37.29286852 1.96277E+37 5.09485E-38
Ao 77 0.42444754 | -0.372175978 29.03214877 1.07683E+29 9.28648E-30
Ao 78 0.00097423 | -3.011339291 47.50629196 3.20843E+47 3.11679E-48
Ao 79 0.07831253| -1.10616876 34.17009825 1.47944E+34 6.7593E-35
Ao 80 0.05317067 | -1.27432788 35.34721209 2.2244E+35 4.4956E-36
Ao 81 0.04458129 | -1.350847412 35.88284881 7.6357E+35 1.30964E-36
Ao 82 0.05555734| -1.25525856 35.21372685 1.63579E+35 6.11326E-36
Ao 83 0.27482296 | -0.560946994 30.35354588 2.25707E+30 4.43051E-31
Ao 84 0.01639124 | -1.785388205 38.92463436 8.40687E+38 1.1895E-39
Ao 85 0.048374 | -1.315387955 35.63463262 4.31154E+35 2.31936E-36
Ao 86 0.06150051 | -1.211121298 34.90476601 8.03093E+34 1.24519E-35
Ao 87 0.06694095 | -1.174308117 34.64707374 4.43684E+34 2.25386E-35
Ao 88 0.05171764| -1.28636131 35.4314461 2.70051E+35 3.703E-36
Ao 89 0.03670446 | -1.435281134 36.47388487 2.97773E+36 3.35827E-37
Ac 90 0.04396675| -1.35687563 35.92504633 8.41485E+35 1.18838E-36
Ac 91 0.05016335| -1.299613468 35.52421121 3.34358E+35 2.99081E-36
Ac 92 0.04388278 | -1.357705915 35.93085833 8.52822E+35 1.17258E-36
Ac 93 0.03317272 | -1.479218974 36.78144974 6.04574E+36 1.65406E-37
Ao 94 0.03371023 | -1.472238235 36.73258457 5.40237E+36 1.85104E-37
Ao 95 0.04170186 | -1.379844594 36.08582908 1.21851E+36 8.20674E-37
Ao 96 0.03587577| -1.445198812 36.54330861 3.49389E+36 2.86214E-37
Ao 97 0.02541944 | -1.594834042 37.59075522 3.89722E+37 2.56593E-38
Ao 98 0.02674193 | -1.572807327 37.43656822 2.73255E+37 3.65958E-38
Ao 99 0.03168627 | -1.499128946 36.92081955 8.33335E+36 1.2E-37
Ac 100 0.0279135| -1.554185695 37.30621679 2.02403E+37 4.94064E-38
Ac 101 0.01741815| -1.758998036 38.73990318 5.49418E+38 1.82011E-39
Ao 102 0.01626955 | -1.788624326 38.94728721 8.85701E+38 1.12905E-39
Ao 103 0.02396218 | -1.620473716 37.77023294 5.8916E+37 1.69733E-38
Ac 104 0.02345911 | -1.629688379 37.83473558 6.83495E+37 1.46307E-38
Ao 105 0.01594674 | -1.797328001 39.00821293 1.01909E+39 9.81267E-40
Ao 106 0.0145283 | -1.83778518 39.29141319 1.9562E+39 5.11195E-40
Ao 107 0.01952135| -1.709490107 38.39334768 2.4737E+38 4.04252E-39
Ac 108 0.01962145| -1.707269002 38.37779994 2.38671E+38 4.18987E-39
Ac 109 0.01226416 | -1.911362177 39.80645216 6.40401E+39 1.56152E-40
Ao 110 0.00940414 | -2.026680807 40.61368257 4.10849E+40 2.43398E-41
Ao 111 0.01415864 | -1.848978479 39.36976628 2.34297E+39 4.26809E-40
Ao 112 0.01512715| -1.820242883 39.16861711 1.47441E+39 6.78239E-40
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Ac 113 0.00933422 -2.02992215 40.63637198 4.32884E+40 2.31009E-41
Ac 114 0.00631125| -2.199884629 41.82610933 6.70053E+41 1.49242E-42
Ao 115 0.01043844 -1.98136433 40.29646724 1.9791E+40 5.05281E-41
Ao 116 0.01294381 | -1.887937975 39.64248275 4.39018E+39 2.27781E-40
Ao 117 0.00860187 | -2.065407073 40.88476644 7.66949E+40 1.30387E-41
Ao 118 0.00539371 | -2.268112619 42.30370526 2.01236E+42 4.96929E-43
Ao 119 0.00830832 | -2.080486594 40.99032308 9.77964E+40 1.02253E-41
Ao 120 0.01052565 | -1.977750991 40.27117386 1.86713E+40 5.35582E-41
Ao 121 0.006981 | -2.156082143 41.51949193 3.30744E+41 3.02349E-42
Ac 122 0.00318408 | -2.497015428 43.90602492 8.05425E+43 1.24158E-44
Ao 123 0.0052385 | -2.280792862 42.39246696 2.46869E+42 4.05073E-43
Ac 124 0.00811827 | -2.090536299 41.06067102 1.14993E+41 8.69619E-42
Ao 125 0.00571312| -2.243126314 42.12880113 1.34524E+42 7.43359E-43
Ao 126 0.00242987 | -2.614416285 44.72783092 5.34356E+44 1.87141E-45
Ao 127 0.00402102 | -2.395664194 43.19656628 1.57241E+43 6.35966E-44
Ao 128 0.00688478 | -2.162109657 41.56168453 3.64489E+41 2.74357E-42
Ao 129 0.00543278 | -2.264977885 42.28176212 1.91321E+42 5.22682E-43
Ao 130 0.00215026 | -2.667508088 45.09947354 1.2574E+45 7.95292E-46
Ao 131 0.00272659 | -2.564379828 44.37757572 2.38548E+44 4,19203E-45
Ao 132 0.00524297 | -2.280423016 42.38987804 2.45402E+42 4.07495E-43
Ao 133 0.00435365 | -2.361146947 42.95494556 9.01458E+42 1.10931E-43
Ac 134 0.001348 | -2.870311347 46.51909636 3.30443E+46 3.02624E-47
Ao 135 0.0014914 | -2.826405995 46.21175889 1.62839E+46 6.14103E-47
Ao 136 0.0040243 | -2.395309263 43.19408177 1.56344E+43 6.39614E-44
Ao 137 0.003806 | -2.419531289 43.36363595 2.31013E+43 4.32877E-44
Ao 138 0.00125969 | -2.899735449 46.72506507 5.30964E+46 1.88337E-47
Ao 139 0.00111726 | -2.951844442 47.08982802 1.22978E+47 8.13152E-48
Ao 140 0.00330117 | -2.481332296 43.796243 6.25523E+43 1.59866E-44
Ao 141 0.00348905 | -2.457292595 43.62796509 4.24585E+43 2.35524E-44
Ao 142 0.00125477 | -2.901436512 46.73697251 5.45723E+46 1.83243E-47
Ao 143 0.00053818 | -3.269075452 49.31044509 2.04383E+49 4.89277E-50
Ac 144 0.00229991 -2.63828947 44.89494322 7.85133E+44 1.27367E-45
Ao 145 0.002786 | -2.555019578 44.31205397 2.05142E+44 4.87468E-45
Ao 146 0.00094487 | -3.024625903 47.59929825 3.97464E+47 2.51595E-48
Ao 147 0.00019475 | -3.710529433 52.40062296 2.51549E+52 3.97537E-53
Ao 148 0.0017576 | -2.755080451 45.71248008 5.15799E+45 1.93874E-46
Ao 149 0.00248354 | -2.604928343 44.66141533 4.5858E+44 2.18064E-45
Ao 150 0.00106377 | -2.973152279 47.23898288 1.73374E+47 5.76789E-48
Ao 151 0.00013856 | -3.85835598 53.43540879 2.72527E+53 3.66937E-54
Ao 152 0.00128962 | -2.889539208 46.65369138 4.50496E+46 2.21977E-47
Ao 153 0.00134237 -2.87212658 46.53180299 3.40254E+46 2.93898E-47
DANO TOTAL 7.88807E-28

1.1.12 Tren tipo 12

1.1.121 Armadura activa

| ‘ Ac (N/mm?2) ‘ Log(Ao) ‘ Log(N*) N Dafio (1/N)




Ac 1 0.00057018 | -3.243984422 43.26215967 1.82877E+43 5.46815E-44
Ac 2 7.5209E-05| -4.123731819 49.42039145 2.63264E+49 3.79847E-50
Ac 3 5.7733E-05| -4.238579212 50.22432321 1.67619E+50 5.96591E-51
Ac4 0.00494033 | -2.306243674 36.69797444 4.98855E+36 2.00459€E-37
Ao 5 0.0395381 | -1.402984231 30.37515834 2.37224E+30 4.21543E-31
Ao 6 0.00012284| -3.91067707 47.92900821 8.49197E+47 1.17758E-48
Ac7 0.01043267 | -1.981604589 34.42550084 2.6638E+34 3.75404E-35
Ac 8 0.00316105 | -2.500168119 38.05544556 1.13618E+38 8.80145E-39
Ac 9 0.02187261 | -1.660099358 32.17496423 1.49611E+32 6.68399E-33
Ac 10 0.00205925 | -2.686290666 39.35830338 2.28194E+39 4.38224E-40
Ac 11 0.01160197| -1.935468156 34.10254581 1.26633E+34 7.89686E-35
Ac 12 0.01415141| -1.849200219 33.49867025 3.15261E+33 3.17197E-34
Ao 13 0.01257966 | -1.900331122 33.85658658 7.18764E+33 1.39128E-34
Ac 14 0.5232299 | -0.281307444 22.52342083 3.3375E+22 2.99626E-23
Ao 15 0.01937313 | -1.712800294 32.54387078 3.49841E+32 2.85844E-33
Ao 16 0.14815798 | -0.829274942 26.35919331 2.28662E+26 4.37327E-27
Ao 17 0.02524847 | -1.597764987 31.73862363 5.47802E+31 1.82548E-32
Ao 18 0.00066349 | -3.178165918 42.80143014 6.33039E+42 1.57968E-43
Ac 19 0.00034968 | -3.45633303 44.74859993 5.60531E+44 1.78402E-45
Ao 20 0.03766776 | -1.424030188 30.52248003 3.33027E+30 3.00276E-31
Ac 21 0.0121977| -1.913721893 33.95032197 8.91912E+33 1.12119E-34
Ao 22 0.02503328 | -1.601482223 31.76464428 5.81627E+31 1.71932E-32
Ao 23 0.06290726 | -1.201299214 28.96336322 9.19101E+28 1.08802E-29
Ao 24 0.00036249 | -3.440709242 44.63923341 4.35746E+44 2.29491E-45
Ao 25 0.00414873 | -2.382084729 37.22886183 1.6938E+37 5.90389E-38
Ao 26 0.0040168 | -2.396119623 37.32710608 2.12376E+37 4.70862E-38
Ao 27 0.08076384 | -1.092783035 28.20374997 1.59864E+28 6.25533E-29
Ao 28 0.00873296| -2.05883868 34.96613948 9.24995E+34 1.08109E-35
Ao 29 0.06504247 | -1.186802981 28.86188959 7.27595E+28 1.37439E-29
Ao 30 0.03201017 | -1.494712043 31.01725302 1.04053E+31 9.61052E-32
Ao 31 0.01815502 | -1.741003249 32.74129146 5.51177E+32 1.8143E-33
Ao 32 0.01681908 | -1.774197876 32.97365385 9.41139E+32 1.06254E-33
Ao 33 0.03481015| -1.458294163 30.76232786 5.78533E+30 1.72851E-31
Ao 34 0.08132486| -1.08977667 28.18270541 1.52302E+28 6.5659E-29
Ao 35 0.02913974 | -1.535514276 31.30286866 2.00849E+31 4.97888E-32
Ao 36 0.06255118 | -1.203764485 28.98062012 9.56357E+28 1.04563E-29
Ao 37 0.00820012 | -2.086180008 35.15752877 1.43724E+35 6.95779E-36
Ao 38 0.03301053 | -1.481347555 30.9237016 8.38883E+30 1.19206E-31
Ao 39 0.03142225| -1.502762721 31.07360777 1.1847E+31 8.44097E-32
Ao 40 0.0024836 | -2.604917868 38.7886938 6.14743E+38 1.6267E-39
Ac 41 0.14610091| -0.83534708 26.40169828 2.52173E+26 3.96553E-27
Ao 42 0.0135836 | -1.866985004 33.62316375 4.19917E+33 2.38142E-34
Ac 43 0.00048161 | -3.317307832 43.77542355 5.96243E+43 1.67717E-44
Ac 44 5.3796E-05| -4.269246387 50.43899343 2.74785E+50 3.63921E-51
Ac 45 0.03309506 | -1.480236783 30.9159262 8.23998E+30 1.2136E-31
Ao 46 0.19182405 | -0.717096946 25.57394734 3.74928E+25 2.66718E-26
Ao 47 0.15258082 | -0.816500055 26.26976911 1.8611E+26 5.37317E-27
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Ac 48 0.00364151| -2.438718818 37.62530044 4.21988E+37 2.36973E-38
Ao 49 0.00091326 | -3.039406147 41.83011175 6.76257E+41 1.47873E-42
Ac 50 0.12922804 | -0.888643251 26.77477148 5.95349E+26 1.67969E-27
Ao 51 0.05586121 | -1.252889674 29.32449644 2.11104E+29 4.737E-30
Ao 52 0.01257684 | -1.900428417 33.85726764 7.19892E+33 1.3891E-34
Ao 53 0.04902522 | -1.309580478 29.72133207 5.2642E+29 1.89963E-30
Ao 54 0.126218 | -0.898878712 26.84641971 7.02134E+26 1.42423E-27
Ao 55 0.02594398 | -1.58596343 31.65601273 4.52911E+31 2.20794E-32
Ao 56 0.03406852 | -1.467646696 30.82779559 6.7266E+30 1.48664E-31
Ao 57 0.16257543 | -0.788945084 26.07688431 1.19367E+26 8.37752E-27
Ao 58 0.01414719| -1.849329957 33.49957842 3.15921E+33 3.16535E-34
Ao 59 0.04485343 | -1.348204339 29.99169909 9.81068E+29 1.0193E-30
Ao 60 0.06496818 | -1.187299308 28.86536387 7.33439E+28 1.36344E-29
Ao 61 0.00258863 | -2.586929364 38.66277427 4.60017E+38 2.17383E-39
Ao 62 0.12818029 | -0.892178758 26.79952003 6.3026E+26 1.58665E-27
Ao 63 0.02341683 | -1.630471973 31.96757253 9.28052E+31 1.07753E-32
Ao 64 0.03263267| -1.48634739 30.95870045 9.09286E+30 1.09976E-31
Ao 65 0.05308173 | -1.275054971 29.47965352 3.01754E+29 3.31395E-30
Ao 66 0.00542832 | -2.265334725 36.4116118 2.57995E+36 3.87604E-37
Ao 67 0.12098693 | -0.917261529 26.97509943 9.44277E+26 1.05901E-27
Ao 68 0.0147825 | -1.830252236 33.36603438 2.32292E+33 4.30493E-34
Ao 69 0.01177246| -1.929132911 34.0581991 1.1434E+34 8.74583E-35
Ac 70 0.07504092 | -1.12470183 28.42718153 2.67412E+28 3.73954E-29
Ac 71 0.0031599 | -2.500326528 38.05655442 1.13908E+38 8.77901E-39
Ac 72 0.00015883 | -3.799073992 47.14778667 1.40536E+47 7.11563E-48
Ac 73 0.00051491 | -3.288269624 43.57215609 3.73384E+43 2.67821E-44
Ac 74 0.0876626 | -1.057185676 27.95456846 9.00676E+27 1.11028E-28
Ao 75 0.08632921 | -1.063842224 28.00116429 1.00268E+28 9.97323E-29
Ao 76 0.00054565 | -3.263086078 43.39587127 2.48812E+43 4.0191E-44
Ao 77 0.00026898 | -3.570276383 45.5462034 3.51725E+45 2.84313E-46
Ao 78 0.00075443 | -3.122380383 42.4109314 2.57591E+42 3.88212E-43
Ac 79 0.06939998 | -1.158640645 28.66475324 4.62118E+28 2.16395E-29
Ao 80 0.06142146 | -1.211679895 29.03602799 1.0865E+29 9.2039E-30
Ao 81 0.06820877 | -1.166159754 28.717387 5.21659E+28 1.91696E-29
Ao 82 0.00191618 | -2.717564084 39.57721731 3.77761E+39 2.64718E-40
Ao 83 0.25597888 | -0.591795871 24.69683982 4.97554E+24 2.00983E-25
Ao 84 0.00699098 | -2.155462146 35.64250374 4.3904E+35 2.2777E-36
Ao 85 0.02880416 | -1.540544845 31.33808263 2.17812E+31 4.59111E-32
Ao 86 0.04575004 | -1.339608544 29.93152853 8.54139E+29 1.17077E-30
Ao 87 0.04369642 | -1.359554121 30.07114757 1.17801E+30 8.48892E-31
Ao 88 0.07408885| -1.13024712 28.46599856 2.92414E+28 3.41981E-29
Ao 89 0.04279892 | -1.368567209 30.13423918 1.36219E+30 7.34109E-31
Ao 90 0.01654113 | -1.781434895 33.02431299 1.05758E+33 9.45555E-34
Ac 91 0.05534566 | -1.256916436 29.35268378 2.2526E+29 4.43932E-30
Ac 92 0.0177445| -1.750936168 32.8108219 6.46877E+32 1.54589E-33
Ac 93 0.13242357| -0.878034701 26.70051163 5.01778E+26 1.99291E-27
Ac 94 0.025057 | -1.601070878 31.76176487 5.77783E+31 1.73075E-32
Ao 95 0.04759705 | -1.322419972 29.81120853 6.47453E+29 1.54451E-30




Ao 96 0.03043316 | -1.516652897 31.170839 1.48197E+31 6.74778E-32
Ac 97 0.02083009 | -1.681308902 32.32343103 2.10587E+32 4.74864E-33
Ao 98 0.02585967 | -1.587376997 31.6659077 4.63348E+31 2.1582E-32
Ao 99 0.02809148 | -1.551425361 31.41424625 2.59565E+31 3.8526E-32
Ao 100 0.0201994 | -1.694661505 32.41689926 2.61156E+32 3.82914E-33
Ac 101 0.01390318 | -1.856885854 33.5524697 3.56837E+33 2.8024E-34
Ao 102 0.02049134 | -1.688429713 32.37327671 2.36198E+32 4.23373E-33
Ac 103 0.02555974| -1.59244351 31.70137329 5.02775E+31 1.98896E-32
Ac 104 0.01770573 | -1.751886143 32.81747172 6.56858E+32 1.5224E-33
Ao 105 0.0105982 | -1.974768088 34.37764534 2.38586E+34 4.19136E-35
Ao 106 0.01431023 | -1.844353477 33.46474306 2.9157E+33 3.42971E-34
Ao 107 0.0197386 | -1.704683738 32.48705489 3.06941E+32 3.25796E-33
Ao 108 0.01563493 | -1.805904166 33.19559788 1.56891E+33 6.37385E-34
Ao 109 0.0083811 | -2.076698845 35.09116063 1.23356E+35 8.10661E-36
Ao 110 0.01030641| -1.98689244 34.4625158 2.90079E+34 3.44734E-35
Ac 111 0.01475628 | -1.831023218 33.37143125 2.35197E+33 4.25176E-34
Ac 112 0.01132305 | -1.946036534 34.17652446 1.5015E+34 6.66002E-35
Ac 113 0.0056207 | -2.250209264 36.30573357 2.02178E+36 4.94614E-37
Ac 114 0.00740444 | -2.130507733 35.46782285 2.93645E+35 3.40547E-36
Ao 115 0.01289694 | -1.889513218 33.78086125 6.03756E+33 1.6563E-34
Ac 116 0.01111926| -1.95392392 34.23173616 1.70505E+34 5.86494E-35
Ao 117 0.00485459 -2.3138473 36.75119982 5.63897E+36 1.77337E-37
Ao 118 0.00488691 | -2.310965846 36.73102965 5.38307E+36 1.85768E-37
Ao 119 0.00935719 | -2.028854649 34.75625127 5.70494E+34 1.75287E-35
Ao 120 0.00895049 | -2.048153346 34.89134215 7.7865E+34 1.28427E-35
Ao 121 0.00395191 | -2.403193492 37.37662317 2.38025E+37 4.20123E-38
Ao 122 0.00320878 | -2.493659515 38.00988533 1.02302E+38 9.77495E-39
Ao 123 0.00721536 | -2.141742049 35.54646306 3.51935E+35 2.84143E-36
Ao 124 0.00731992 | -2.135493881 35.50272589 3.18219E+35 3.14249E-36
Ao 125 0.00297418 | -2.526633088 38.24070034 1.74061E+38 5.74513E-39
Ao 126 0.0020385 | -2.690688489 39.38908814 2.44956E+39 4.08237E-40
Ao 127 0.00574135| -2.240986037 36.24117098 1.74249E+36 5.7389E-37
Ac 128 0.0067955 | -2.167778363 35.72871726 5.35448E+35 1.8676E-36
Ao 129 0.00309246 | -2.509696168 38.1221419 1.32477E+38 7.54846E-39
Ao 130 0.00117173 | -2.931172845 41.07247863 1.18162E+41 8.46294E-42
Ao 131 0.00385788 | -2.413651236 37.44982737 2.81726E+37 3.54954E-38
Ao 132 0.00527755| -2.277567893 36.49724397 3.14227E+36 3.18241E-37
Ao 133 0.00252879 | -2.597086931 38.73387724 5.41848E+38 1.84554E-39
Ac 134 0.00067584 | -3.170153027 42.74533991 5.5634E+42 1.79746E-43
Ao 135 0.00292893 | -2.533291044 38.28730603 1.93779E+38 5.16053E-39
Ao 136 0.00453741| -2.343191948 36.95661236 9.04925E+36 1.10506E-37
Ao 137 0.00236934 | -2.625371841 38.93187161 8.54814E+38 1.16985E-39
Ao 138 0.000381| -3.419071484 44.48776911 3.07446E+44 3.2526E-45
Ao 139 0.00204878 | -2.688505731 39.37380884 2.36488E+39 4.22855E-40
Ao 140 0.00390369 | -2.408524887 37.41394293 2.59384E+37 3.85529E-38
Ao 141 0.00239402 | -2.620872434 38.90037576 7.95016E+38 1.25784E-39
Ao 142 0.0002102 | -3.677368571 46.29584872 1.97628E+46 5.06001E-47
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Ao 143 0.00116662 | -2.933069318 41.08575394 1.2183E+41 8.20816E-42
Ao 144 0.0029592 | -2.528825419 38.25604666 1.80321E+38 5.54566E-39
Ao 145 0.00204189 | -2.689967584 39.38404181 2.42126E+39 4.13008E-40
Ac 146 0.000111| -3.954671981 48.23697259 1.72573E+48 5.79465E-49
Ac 147 0.00077976 | -3.108038155 42.3105358 2.04426E+42 4.89175E-43
Ac 148 0.00257531 | -2.589169783 38.6784572 4.76933E+38 2.09673E-39
Ac 149 0.00201682 | -2.695333153 39.42160079 2.63998E+39 3.78791E-40
Ac 150 0.00014237 | -3.846594025 47.4804269 3.02292E+47 3.30806E-48
Ac 151 0.00034696 | -3.459721943 4477232232 5.92001E+44 1.68919E-45
Ao 152 0.00200835 | -2.697160144 39.43438973 2.71888E+39 3.67799E-40
Ao 153 0.00186694 | -2.72886864 39.6563492 4.53262E+39 2.20623E-40
Ao 154 0.00014848 | -3.828337305 47.35262986 2.25232E+47 4.43987E-48
Ao 155 7.3031E-05| -4.136491315 49.50970792 3.23376E+49 3.09237E-50
Ac 156 0.00155055| -2.80951438 40.22086938 1.66291E+40 6.01355E-41
Ac 157 0.00160443 | -2.79468015 40.11702977 1.30927E+40 7.63783E-41
Ac 158 0.00020061 | -3.697637366 46.43773028 2.73987E+46 3.64981E-47
Ac 159 7.8389E-07 | -6.105744255 63.29447851 1.97006E+63 5.076E-64
Ac 160 0.00129349 | -2.888236657 40.77192532 5.9146E+40 1.69073E-41
Ac 161 0.0015191| -2.818415016 40.28317384 1.91944E+40 5.20986E-41
Ac 162 0.00132538 | -2.877659823 40.69788748 4.98755E+40 2.00499E-41
Ac 163 0.00128569 | -2.890864494 40.79032018 6.1705E+40 1.62061E-41
Ao 164 0.00116551 | -2.933485307 41.08866587 1.2265E+41 8.15331E-42
Ao 165 0.00111789| -2.951599351 41.21546418 1.64234E+41 6.08886E-42
Ao 166 0.00101318 | -2.994315351 41.51447617 3.26946E+41 3.05861E-42
Ac 167 0.00098781 | -3.005326404 41.59155355 3.90439E+41 2.56122E-42
Ac 168 0.00087893 | -3.056046862 41.94659676 8.84294E+41 1.13085E-42
Ac 169 0.000719| -3.143271234 42.55716736 3.60718E+42 2.77225E-43
DANO TOTAL 3.02206E-23
1.1.12.2 Armadura pasiva
Ao (N/mm2) Log(Ao) Log(N*) N Dafio (1/N)
Ac 1 0.00083723 | -3.077157795 47.96702149 9.26876E+47 1.07889E-48
Ac 2 0.00011043 | -3.956905193 54.12525328 1.3343E+54 7.49457E-55
Ac 3 8.4771E-05| -4.071752586 54.92918503 8.49542E+54 1.1771E-55
Ac 4 0.00725409 | -2.139417047 41.40283626 2.52834E+41 3.95516E-42
Ac 5 0.05805537 | -1.236157605 35.08002016 1.20232E+35 8.31725E-36
Ac 6 0.00018036 | -3.743850444 52.63387003 4.30398E+52 2.32343E-53
Ao 7 0.0153187| -1.814777962 39.13036266 1.35009E+39 7.40691E-40
Ac 8 0.0046415| -2.333341493 42.76030738 5.75847E+42 1.73657E-43
Ac 9 0.03211643 | -1.493272732 36.87982605 7.58274E+36 1.31878E-37
Ac 10 0.00302368 | -2.519464039 44.0631652 1.15655E+44 8.64639E-45
Ac 11 0.01703564 | -1.768641529 38.80740763 6.41812E+38 1.55809E-39
Ao 12 0.02077908 | -1.682373593 38.20353207 1.59784E+38 6.25847E-39
Ac 13 0.01847122 | -1.733504496 38.5614484 3.64291E+38 2.74506E-39
Ac 14 0.76827939 | -0.114480817 27.22828265 1.69154E+27 5.91177E-28
Ao 15 0.02844634 | -1.545973668 37.2487326 1.7731E+37 5.63985E-38
Ac 16 0.21754629 | -0.662448315 31.06405513 1.15892E+31 8.62869E-32




Ao 17 0.03707333| -1.43093836 36.44348545 2.77642E+36 3.60176E-37
Ao 18 0.00097423 | -3.011339291 47.50629196 3.20843E+47 3.11679E-48
Ao 19 0.00051344 | -3.289506404 49.45346175 2.84094E+49 3.51996E-50
Ao 20 0.05530908 | -1.257203561 35.22734186 1.68788E+35 5.92459E-36
Ac 21 0.01791038 | -1.746895267 38.65518379 4.52047E+38 2.21216E-39
Ao 22 0.03675737 | -1.434655597 36.46950611 2.94785E+36 3.3923E-37
Ao 23 0.09236925 | -1.034472588 33.66822504 4.65827E+33 2.14672E-34
Ao 24 0.00053225| -3.273882615 49.34409523 2.20849E+49 4.52798E-50
Ao 25 0.00609175| -2.215258103 41.93372365 8.58467E+41 1.16487E-42
Ao 26 0.00589803 | -2.229292997 42.0319679 1.07639E+42 9.29035E-43
Ao 27 0.11858878 | -0.925956408 32.90861179 8.10236E+32 1.23421E-33
Ao 28 0.01282295| -1.892012054 39.6710013 4.68815E+39 2.13304E-40
Ao 29 0.09550446 | -1.019976354 33.56675141 3.68766E+33 2.71174E-34
Ao 30 0.04700181 | -1.327885416 35.72211484 5.27369E+35 1.8962E-36
Ao 31 0.02665774 | -1.574176622 37.44615328 2.79353E+37 3.5797E-38
Ao 32 0.02469612| -1.60737125 37.67851567 4.76997E+37 2.09645E-38
Ao 33 0.05111313 | -1.291467536 35.46718968 2.93217E+35 3.41044E-36
Ao 34 0.11941255| -0.922950043 32.88756723 7.71911E+32 1.29549E-33
Ao 35 0.04278705| -1.36868765 36.00773048 1.01796E+36 9.82357E-37
Ao 36 0.0918464 | -1.036937859 33.68548194 4.8471E+33 2.06309E-34
Ao 37 0.01204056 | -1.919353381 39.86239059 7.28435E+39 1.37281E-40
Ao 38 0.04847068 | -1.314520928 35.62856342 4.25171E+35 2.352E-36
Ao 39 0.04613855 | -1.335936095 35.77846959 6.0044E+35 1.66545E-36
Ao 40 0.00364677 | -2.438091242 43.49355562 3.1157E+43 3.20955E-44
Ac 41 0.21452581 | -0.668520453 31.1065601 1.27809E+31 7.8242E-32
Ac 42 0.01994535 | -1.700158378 38.32802557 2.12826E+38 4.69866E-39
Ac 43 0.00070716 | -3.150481206 48.48028537 3.02194E+48 3.30914E-49
Ao 44 7.8991E-05| -4.10241976 55.14385525 1.39269E+55 7.18034E-56
Ao 45 0.0485948 | -1.313410157 35.62078803 4.17626E+35 2.39448E-36
Ao 46 0.28166292 | -0.55027032 30.27880916 1.90024E+30 5.26248E-31
Ao 47 0.22404052 | -0.649673429 30.97463093 9.43259E+30 1.06015E-31
Ao 48 0.00534697 | -2.271892191 42.33016227 2.13876E+42 4.6756E-43
Ao 49 0.00134097 | -2.872579521 46.53497357 3.42747E+46 2.9176E-47
Ao 50 0.1897507 | -0.721816624 31.4796333 3.0174E+31 3.31411E-32
Ao 51 0.08202325 | -1.086063047 34.02935826 1.06994E+34 9.34634E-35
Ao 52 0.01846708 | -1.733601791 38.56212946 3.64863E+38 2.74076E-39
Ao 53 0.07198569 | -1.142753851 34.42619389 2.66805E+34 3.74806E-35
Ao 54 0.18533093 | -0.732052086 31.55128153 3.55862E+31 2.81008E-32
Ao 55 0.03809458 | -1.419136803 36.36087455 2.29549E+36 4.35638E-37
Ao 56 0.05002417 | -1.300820069 35.53265741 3.40924E+35 2.93321E-36
Ao 57 0.23871601 | -0.622118457 30.78174613 6.04987E+30 1.65293E-31
Ao 58 0.02077288 | -1.682503331 38.20444024 1.60118E+38 6.24539E-39
Ao 59 0.06586009 | -1.181377712 34.69656091 4.97234E+34 2.01113E-35
Ao 60 0.09539537 | -1.020472681 33.57022569 3.71728E+33 2.69014E-34
Ao 61 0.00380099 | -2.420102737 43.36763609 2.3315E+43 4.28908E-44
Ao 62 0.18821224 | -0.725352132 31.50438185 3.19435E+31 3.13053E-32
Ao 63 0.03438386 | -1.463645346 36.67243435 4.70364E+36 2.12601E-37

72




Ao 64 0.04791585 | -1.319520764 35.66356227 4.60853E+35 2.16989E-36
Ao 65 0.07794202 | -1.108228344 34.18451534 1.52938E+34 6.5386E-35
Ao 66 0.00797062 | -2.098508098 41.11647362 1.3076E+41 7.64762E-42
Ao 67 0.17764995 | -0.750434903 31.67996125 4.78587E+31 2.08948E-32
Ao 68 0.02170573 | -1.66342561 38.0708962 1.17732E+38 8.49383E-39
Ao 69 0.01728597 | -1.762306285 38.76306092 5.7951E+38 1.7256E-39
Ao 70 0.11018559 | -0.957875204 33.13204335 1.35532E+33 7.37831E-34
Ac 71 0.00463981 | -2.333499901 42.76141624 5.7732E+42 1.73214E-43
Ao 72 0.00023321 | -3.632247366 51.85264849 7.12276E+51 1.40395E-52
Ac 73 0.00075606 | -3.121442998 48.27701791 1.89242E+48 5.28423E-49
Ac 74 0.12871849| -0.89035905 32.65943028 4.56489E+32 2.19063E-33
Ac 75 0.12676063 | -0.897015598 32.70602611 5.0819E+32 1.96777E-33
Ac 76 0.0008012 | -3.096259452 48.10073309 1.26105E+48 7.92989E-49
Ao 77 0.00039496 | -3.403449756 50.25106522 1.78265E+50 5.60964E-51
Ac 78 0.00110776 | -2.955553756 47.11579322 1.30555E+47 7.65961E-48
Ao 79 0.10190277 | -0.991814019 33.36961506 2.34215E+33 4.26958E-34
Ao 80 0.09018758 | -1.044853268 33.74088981 5.50668E+33 1.81598E-34
Ao 81 0.10015367 | -0.999333128 33.42224882 2.64392E+33 3.78226E-34
Ao 82 0.0028136 | -2.550737457 44.28207913 1.9146E+44 5.22301E-45
Ao 83 0.37586402 | -0.424969244 29.40170164 2.52175E+29 3.9655E-30
Ao 84 0.01026513 | -1.98863552 40.34736556 2.22518E+40 4.49401E-41
Ao 85 0.04229429 | -1.373718218 36.04294445 1.10394E+36 9.05848E-37
Ao 86 0.06717661 | -1.172781918 34.63639035 4.32903E+34 2.30999E-35
Ao 87 0.0641612 | -1.192727494 34.77600939 5.97048E+34 1.67491E-35
Ao 88 0.10878763 | -0.963420494 33.17086038 1.48204E+33 6.74745E-34
Ao 89 0.06284336 | -1.201740583 34.83910101 6.904E+34 1.44843E-35
Ac 90 0.024288 | -1.614608269 37.72917481 5.36012E+37 1.86563E-38
Ao 91 0.08126624 | -1.09008981 34.0575456 1.14168E+34 8.759E-35
Ao 92 0.02605496 | -1.584109542 37.51568372 3.27856E+37 3.05012E-38
Ao 93 0.19444283 | -0.711208074 31.40537345 2.54316E+31 3.93212E-32
Ac 94 0.0367922 | -1.434244252 36.46662669 2.92838E+36 3.41486E-37
Ao 95 0.06988865 | -1.155593346 34.51607035 3.28148E+34 3.0474E-35
Ao 96 0.04468623 | -1.34982627 35.87570082 7.51105E+35 1.33137E-36
Ac 97 0.03058565 | -1.514482275 37.02829285 1.06732E+37 9.3693E-38
Ao 98 0.03797079 | -1.420550371 36.37076952 2.34839E+36 4.25824E-37
Ac 99 0.04124785| -1.384598734 36.11910807 1.31555E+36 7.60137E-37
Ac 100 0.02965959 | -1.527834879 37.12176108 1.32361E+37 7.55508E-38
Ac 101 0.0204146 | -1.690059228 38.25733152 1.80855E+38 5.52928E-39
Ac 102 0.03008825 | -1.521603087 37.07813854 1.19712E+37 8.35337E-38
Ao 103 0.03753039 | -1.425616883 36.40623511 2.54821E+36 3.92432E-37
Ao 104 0.02599803 | -1.585059517 37.52233354 3.32915E+37 3.00377E-38
Ao 105 0.01556175| -1.807941462 39.08250716 1.20923E+39 8.26976E-40
Ao 106 0.02101228 | -1.677526851 38.16960488 1.47776E+38 6.76698E-39
Ao 107 0.02898297 | -1.537857112 37.19191671 1.55567E+37 6.42811E-38
Ac 108 0.02295739| -1.63907754 37.9004597 7.95169E+37 1.25759E-38
Ac 109 0.01230631| -1.909872218 39.79602246 6.25205E+39 1.59948E-40
Ac 110 0.01513332 | -1.820065813 39.16737762 1.4702E+39 6.80178E-40
Ao 111 0.02166723 | -1.664196592 38.07629307 1.19205E+38 8.38894E-39




Ao 112 0.01662609 | -1.779209908 38.88138628 7.61003E+38 1.31406E-39
Ao 113 0.0082531 | -2.083382638 41.01059539 1.0247E+41 9.75898E-42
Ao 114 0.01087224 | -1.963681107 40.17268467 1.48828E+40 6.71917E-41
Ao 115 0.0189371| -1.722686592 38.48572307 3.06001E+38 3.26796E-39
Ao 116 0.01632686 | -1.787097294 38.93659798 8.64168E+38 1.15718E-39
Ao 117 0.00712819 | -2.147020674 41.45606164 2.858E+41 3.49895E-42
Ao 118 0.00717564 | -2.14413922 41.43589147 2.7283E+41 3.66529E-42
Ao 119 0.01373953 | -1.862028023 39.46111309 2.89143E+39 3.45849E-40
Ao 120 0.01314236| -1.88132672 39.59620397 3.94643E+39 2.53394E-40
Ao 121 0.00580274 | -2.236366866 42.08148499 1.20638E+42 8.28925E-43
Ao 122 0.00471159| -2.326832889 42.71474715 5.18498E+42 1.92865E-43
Ao 123 0.0105946 | -1.974915422 40.25132488 1.78371E+40 5.60628E-41
Ao 124 0.01074813 | -1.968667255 40.20758771 1.61283E+40 6.20029E-41
Ao 125 0.0043671 | -2.359806461 42.94556216 8.8219E+42 1.13354E-43
Ao 126 0.00299322 | -2.523861862 44.09394996 1.24151E+44 8.05471E-45
Ao 127 0.00843025| -2.07415941 40.9460328 8.83147E+40 1.13231E-41
Ao 128 0.00997811 | -2.000951736 40.43357908 2.71381E+40 3.68486E-41
Ao 129 0.00454078 | -2.342869542 42.82700372 6.71435E+42 1.48935E-43
Ao 130 0.0017205 | -2.764346218 45.77734045 5.98881E+45 1.66978E-46
Ao 131 0.00566468 | -2.246824609 42.15468919 1.42787E+42 7.00343E-43
Ao 132 0.00774923 | -2.110741267 41.20210579 1.5926E+41 6.27905E-42
Ao 133 0.00371313 | -2.430260305 43.43873906 2.74624E+43 3.64134E-44
Ao 134 0.00099237 | -3.003326401 47.45020173 2.81969E+47 3.54649E-48
Ao 135 0.00430066 | -2.366464417 42.99216785 9.82127E+42 1.0182E-43
Ao 136 0.00666246 | -2.176365322 41.66147418 4.58642E+41 2.18035E-42
Ao 137 0.003479| -2.458545215 43.63673343 4.33245E+43 2.30816E-44
Ao 138 0.00055944 | -3.252244857 49.19263093 1.55823E+49 6.41755E-50
Ao 139 0.0030083 | -2.521679105 44.07867066 1.19859E+44 8.34314E-45
Ao 140 0.00573194 | -2.241698261 42.11880475 1.31463E+42 7.60668E-43
Ao 141 0.00351523 | -2.454045808 43.60523758 4.02937E+43 2.48178E-44
Ao 142 0.00030864 | -3.510541945 51.00071054 1.00164E+51 9.98365E-52
Ao 143 0.001713| -2.766242691 45.79061576 6.1747E+45 1.61951E-46
Ac 144 0.00434511| -2.361998793 42.96090848 9.13921E+42 1.09419E-43
Ao 145 0.00299819 | -2.523140957 44.08890363 1.22717E+44 8.14885E-45
Ao 146 0.00016299 | -3.787845355 52.94183441 8.7465E+52 1.14331E-53
Ao 147 0.00114496 | -2.941211528 47.01539762 1.03609E+47 9.65167E-48
Ao 148 0.00378144 | -2.422343157 43.38331902 2.41724E+43 4.13696E-44
Ao 149 0.00296138 | -2.528506527 44.12646261 1.33802E+44 7.47373E-45
Ao 150 0.00020904 | -3.679767398 52.18528872 1.53211E+52 6.52696E-53
Ac 151 0.00050945 | -3.292895317 49.47718414 3.00043E+49 3.33285E-50
Ao 152 0.00294894 | -2.530333518 44.13925155 1.37801E+44 7.25686E-45
Ao 153 0.00274131| -2.562042014 44.36121102 2.29726E+44 4.353E-45
Ao 154 0.00021802 | -3.661510678 52.05749168 1.14154E+52 8.76009E-53
Ao 155 0.00010723 | -3.969664688 54.21456974 1.63897E+54 6.10141E-55
Ao 156 0.00227673 | -2.642687754 44.9257312 8.42813E+44 1.1865E-45
Ao 157 0.00235584 | -2.627853523 44.82189159 6.63577E+44 1.50698E-45
Ao 158 0.00029457| -3.53081074 51.1425921 1.38865E+51 7.20125E-52
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Ao 159 1.151E-06 | -5.938917629 67.99934033 9.98482E+67 1.00152E-68
Ao 160 0.00189928 | -2.721410031 45.47678714 2.99769E+45 3.3359E-46
Ao 161 0.00223055| -2.65158839 44.98803566 9.72827E+44 1.02793E-45
Ao 162 0.00194611 | -2.710833196 45.4027493 2.52784E+45 3.95595E-46
Ao 163 0.00188783 | -2.724037868 45.495182 3.12739E+45 3.19755E-46
Ao 164 0.00171136 | -2.766658681 45.79352769 6.21624E+45 1.60869E-46
Ao 165 0.00164145 | -2.784772724 45.920326 8.32388E+45 1.20136E-46
Ao 166 0.00148769 | -2.827488724 46.219338 1.65706E+46 6.03479E-47
Ao 167 0.00145044 | -2.838499777 46.29641537 1.97886E+46 5.05341E-47
Ao 168 0.00129056 | -2.889220236 46.65145858 4.48186E+46 2.23122E-47
Ao 169 0.00105574 | -2.976444608 47.26202918 1.82822E+47 5.46979E-48

DANO TOTAL

5.96268E-28
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