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RESUMEN 
El proceso de construcción por empuje de puentes de hormigón pretensado da lugar a una 

solución industrializada muy competitiva en determinados rangos de luces y geometría.  
 
Aún así, existen algunos aspectos que, debido al carácter altamente evolutivo de la 

construcción, hacen que el comportamiento diferido y en ELU de flexión sean poco conocidos y 
requieran estudios más precisos que los habituales, a fin de evaluar cómo influye la velocidad 
de construcción en el comportamiento a largo plazo y en la resistencia del puente. 

 
En este trabajo se pretende proyectar totalmente un puente empujado de 8 vanos con 

luces de 50 m, analizando en detalle el proceso de construcción por empuje.  
 
Se pretende así mismo estudiar, mediante un modelo de análisis no lineal evolutivo, el 

comportamiento en servicio y en rotura a corto y largo plazo, a fin de extraer conclusiones de 
cara a proyecto y ejecución de este tipo de puentes. 
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SUMMARY 
The construction process by incremental launching prestressed concrete bridge results in a 

very competitive solution in selected industrialized ranges of lights and geometry.  
 
However, there are some aspects that in case of highly evolutionary construction make the 

deferred behavior and flexural ELU are poorly understood and require more precise studies 
than usual to assess how it influences the speed of construction long-term performance and 
resistance of the bridge. 

 
In this thesis aims to project a the construction process by incremental launching bridge 

completely the 8 bays with lights 50 m. analyzing in detail the construction process thrust.  
 
The aim is to study it through a nonlinear analytical model of evolution the service 

performance and failure in the short and long term, in order to draw conclusions for the design 
and construction of such bridges. 
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INTRODUCCIÓN. 
El proceso de construcción por empuje de puentes de hormigón pretensado da lugar a una 

solución industrializada muy competitiva en determinados rangos de luces y geometría. Aún 
así, existen algunos aspectos que, debido al carácter altamente evolutivo de la construcción, 
hacen que el comportamiento diferido y en ELU de flexión sean poco conocidos y requieran 
estudios más precisos que los habituales, a fin de evaluar cómo influye la velocidad de 
construcción en el comportamiento a largo plazo y en la resistencia del puente. 

 
En este trabajo se pretende proyectar totalmente un puente empujado de 8 vanos con 

luces de 50 m, analizando en detalle el proceso de construcción por empuje. Se pretende así 
mismo estudiar, mediante un modelo de análisis no lineal evolutivo, el comportamiento en 
servicio y en rotura a corto y largo plazo, a fin de extraer conclusiones de cara a proyecto y 
ejecución de este tipo de puentes. 

 
El sistema de puentes empujados es una tecnología lo suficientemente contrastada a la 

hora de ser utilizada como solución en la construcción de puentes. Además es común la 
utilización de pilas de gran altura de diferentes tipologías. Los puentes empujados han sido 
utilizados inclusive en situaciones en las que otro sistema de construcción era perfectamente 
viable. Suelen empujarse también puentes metálicos con excelentes resultados. A la hora de 
predimensionar secciones transversales si se siguen las recomendaciones adecuadas para  
puentes de carretera de hormigón estructural los resultados obtenidos solo tienen que 
ajustarse un poco. Este tipo de soluciones por su gran desarrollo tecnológico ha dado lugar a 
una sistematización que hace la solución muy económica, efectuando un ciclo completo de las 
carreras de los gatos hidráulicos (vertical y horizontal) aproximadamente 2 minutos, y el 
lanzamiento de una dovela del puente de 25 m. es del orden de 3 horas. 

 
El análisis no lineal realizado en fase de construcción solo tiene en cuenta la fase crítica del 

empuje ya que es allí donde pueden obtenerse mejores resultados. El análisis no lineal 
realizado en fase de servicio y posterior rotura permitirá observar la evolución seccional del 
puente con los correspondientes valores de momentos, esfuerzos, deformaciones y 
redistribuciones. En el instante de aumentar los tiempos de ejecución en la construcción 
pasando de 7 días por fase a 5 días, que es el tiempo mínimo operativo, los resultados 
obtenidos con un análisis no lineal nos mostrarán los efectos seccionales. Contraer aún más los 
tiempos de ejecución hasta un mínimo operativo (5 días por fase), carece de sentido. 
 
TAREAS A DESARROLLAR. 

• Búsqueda de documentación sobre puentes empujados y realización de un breve 
estado del conocimiento de cara a su proyecto y construcción. 

•  Estudio del programa CONS para su utilización como modelo de cálculo en 
comprobación en servicio y en ELU. 

• Predimensionamiento de luces, dimensiones de la sección, nariz de empuje, tamaño 
de las dovelas, definición de cargas, predimensionamiento de pilas. 

• Cálculo y disposición del pretensado necesario en construcción y en servicio. 
Verificación de tensiones en todas las etapas. 

• Cálculo y disposición de armaduras pasivas para resistir los ELS y ELU (Cortante, 
torsión, flexión transversal, deformaciones, fisuración, Armaduras mínimas, zonas de 
apoyos y diafragmas, etc.). 

• Estudio de la influencia de la velocidad de construcción en los estados tenso-
deformacionales a corto y largo plazo y en la resistencia a flexión. 

• Conclusiones y recomendaciones. 
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1. PUENTES EMPUJADOS. 

Es aquél que se construye fabricándolo por tramos o en su totalidad en uno o ambos 
estribos y empujándolo mediante gatos puestos en horizontal, apoyándose en las pilas sobre 
las que deslizan, y ayudándose normalmente de una estructura ligera para minimizar los 
esfuerzos durante la construcción. 

 

 
Foto 1. Vista global del empuje. [1] 

 
1.1. TIPOS DE PUENTES EMPUJADOS. 

A pesar de la denominación común de puentes lanzados existen, principalmente cuatro 
variedades de colocación del puente en su posición final que corresponden a las siguientes 
técnicas: 

•  Empuje por segmentos: El puente es fabricado en segmentos y cuando el 
hormigón alcanza la resistencia suficiente se empuja el puente una distancia 
igual al segmento recién construido. 

•  Empuje completo: El puente es fabricado totalmente en un extremo; o más 
habitualmente se fabrican sendas mitades del puente desde los dos extremos y 
tras ello se empuja hasta la ubicación definitiva. 

•  Giro del puente completo: Una vez fabricado todo el puente, o las dos mitades 
en las porciones opuestas, se giran hasta la posición final. 

•  Traslación transversal: La translación transversal, o ripado, consiste en 
fabricar el puente en una porción paralela a la deseada y trasladarlo con un 
movimiento transversal hasta dicha ubicación. (Ver figuras 5 y 6). 

 
1.1.1. EMPUJE POR SEGMENTOS. 

 
Figura 1. Esquema del empuje.  



PROYECTO DE UN PUENTE EMPUJADO Y ESTUDIO MEDIANTE ANÁLISIS NO LINEAL DEL COMPORTAMIENTO 
DIFERIDO Y EN ESTADO LÍMITE ÚLTIMO. 

 

14 
 

1.1.2. EMPUJE COMPLETO.  

 
Figura 2. Esquema general.  

 

 
Figura 3. Detalle de la fabricación.  
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1.1.3. GIRO COMPLETO. 

 
Figura 4. Detalle de la colocación.  

 
1.1.4. TRASLACIÓN TRANSVERSAL. 

 
Figura 5. Planta empuje transversal.  

 

 
Figura 6. Sección empuje transversal.  
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2. MÉTODO DE EMPUJE POR SEGMENTOS. 

La fabricación de puentes de hormigón mediante este procedimiento requiere de los 
componentes siguientes: 

 
• Planta de fabricación del tablero: Consta fundamentalmente del taller de ferralla, 

encofrado y planta de hormigonado. Suele estar protegido de la intemperie. 
• Pico de lanzamiento: Su misión es disminuir el peso del puente en el proceso de 

lanzamiento. Es una estructura metálica conectada a la sección transversal frontal 
del puente. 

• Pilas auxiliares: Si resulta necesario, y en general para vanos superiores a los 40 ó 
50 m., se disponen unas pilas provisionales a fin de acortar los vanos de mayor 
longitud. 

• Apoyos de neopreno-teflón: Facilitan el proceso de lanzamiento debido a su 
reducido coeficiente de rozamiento. 

• Dispositivos del empuje: Proporcionan la fuerza de arrastre o de empuje para 
mover el puente en cada fase del empuje. 
 

      
               Foto 2. Vista del conjunto.                       Foto 3. Fabricación del tablero.  

 

      
                  Foto 4. Pico de lanzamiento.                               Foto 5. Pilas auxiliares.  

 

              
Foto 6. Apoyos de neopreno-teflón.          Foto 7. Dispositivos de empuje.  
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2.1. FABRICACIÓN DEL TABLERO. 

 
2.1.1. Preparación de la ferralla: La armadura pasiva se prepara con antelación 

habitualmente en talleres de ferralla en elementos de la misma longitud que el 
segmento de puente que se va a hormigonar. 

 

     
                    Foto 8. Ferrallado.                         Foto 9. Protección del parque de prefabricación.  

 
2.1.2. Sistemas de encofrado: El encofrado suele ser metálico y está soportado 

exteriormente e interiormente por estructuras auxiliares que deben permitir el 
proceso de separación de los moldes en la etapa de desencofrado. El 
hormigonado se realiza habitualmente en dos fases con una junta en la losa 
inferior, en el centro de las caras laterales o en la losa superior. Las juntas 
suelen estar situadas al lado de la zona de diafragmas y en ellos el encofrado 
interior es diferente que en el resto del tablero. 

 

    
Figura 7. Sección encofrado.                         Foto 10. Detalle del encofrado.  

        

                 
                 Foto 11. Deslizamiento del encofrado.     Foto 12. Encofrado losa superior.  
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Figura 8. Encofrado en la zona de diafragma.  

 
2.1.3. Separación de moldes: En el encofrado exterior se lleva a cabo por 

separación hacia fuera de los moldes o por giro desde unas articulaciones 
situadas en las esquinas inferiores. Los moldes interiores se separan retirando 
los burlones y los perfiles metálicos de apoyo. 

 

                       
      Figura 9. Separación de moldes.  

 
2.2. PICO METÁLICO. 

 

 
Figura 10. Planta y alzados.  
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                   Foto 13. Pico metálico.             Foto 14. Pico metálico vista lateral.  

 

   
Figura 11. Dispositivos de anclaje en la sección.  

 

    
                                      Foto 15. Conexión entre pico y sección.  

 
2.3. EMPUJE RIGIDIZADO CON TIRANTES. 

 

                  
         Figura 12. Atirantamiento temporal.       Figura 13. Fases de la de construcción.  
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Foto 16. Detalle de atirantamiento.  

 
2.3.1. TÉCNICAS DE EMPUJE. 

 

    
   Figura 14. Arrastre mediante cordones.                  Figura 15. Detalle del dispositivo.  
 
 

 

    
      Figura 16. Empuje dorsal.                            Foto 17. Detalle del empuje.  
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         Figura 17. E. por rozamiento mecánico.         Figura 18. Empuje por presión hidráulica.  

 

    
Figura 19 y foto 18. Arrastre con elevación del tablero.  

 

 
Figura 20. Sistema híbrido de arrastre y empuje.  
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3. ESQUEMAS DE POSTENSADO 

En los puentes empujados hay dos tipos fundamentales de postensado: el que se lleva a 
cabo durante la construcción del puente con las sucesivas fases de lanzamiento y el que se 
realiza una vez que el puente ya está situado en su posición final. Las misiones de cada uno de 
ellos son: 

 
3.1 Postensado durante el empuje: La misión de estos tendones es soportar el peso 

propio de la estructura. Ya que durante el lanzamiento el momento flector cambia 
de valor, e incluso de signo, en cada sección transversal, el objetivo de este 
postensado es mantener el puente en compresión compuesta. 

 

 
                      Figura 21. Postensado en fase de construcción.  

 
3.2 Postensado final: Una vez concluido el empuje del puente los tendones de 

postensado instalados permiten soportar no solo la carga permanente, sino una 
parte de la sobrecarga de uso, usualmente no mayor del 50%. Para soportar la 
parte restante se añaden otros cables de postensado. 

 

 
Figura 22. Postensado en fase de servicio.  

 

   
Figura 23. Acopladores durante el empuje.           Figura 24. Avance durante el empuje. 
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                                   Foto 19. Acopladores del tendón, anclaje armadura activa.  
 

 
Figura 25. Tendones rectos interiores solapados.  

 

   
                   Figura 26. Tendones externos rectos.            Foto 20. Tendones externos.  
 

 
Figura 27. Postensado final.  

 

 
Figura 28. Postensado final, acopladores.  
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        Figura 29. Postensado exterior. Geometrías de los cables. Esquema de desviadores.  
 

   
Foto 21 y foto 22. Tendones externos. [1] 

 
4. PREDIMENSIONAMIENTO. 

 
En nuestro caso analizaremos un puente de carretera de 8 vanos de 50 m. el primer y 

último vano serán de 37,5 m. para una luz total de 375 m. La longitud del parque de 
prefabricación será de 100 m. He asumido una luz óptima entre apoyos de 50 m. aunque se 
pueden construir luces mayores pero habrá que disponer de pilas provisionales durante el 
empuje del puente. 

 
El pico de lanzamiento será de 30 m. con un peso aproximado de 2,7 T/m., es de anotar que 

todos los datos anteriores fueron hechos en base a recomendaciones de los autores (A.C. 
Aparicio y J.R. Casas. [2])  y no fueron tomadas al azar. 

 
La longitud de la dovela será de 25 m. A medida que avancemos en este trabajo daremos 

las debidas especificaciones de los materiales utilizados así como todas las verificaciones 
respectivas en los distintos estados de comprobación seccional (ELU y ELS). 
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4.1. Orden de magnitud de espesores en puentes de carretera de canto constante; 
 

 
Figura 30. Magnitudes recomendadas para puentes de carretera. [2] 

 

 
Figura 31. Predimensionamiento. 

 
4.2. Justificación del sistema de puentes empujados; 

 
Estudiaremos ahora el momento en voladizo al avanzar sobre un vano de 50 m. justo antes 

de alcanzar la pila; 
 

    
 

M− = 27 ∗ 30 ∗ �20 +
30
2
�+9,94 ∗ 20 ∗ 25 ∗ 

20
2

= 75950 KN_M 

 
El momento en voladizo al avanzar sobre un vano de 50 m. justo antes de alcanzar la pila en 

construcción si no existiera pico de lanzamiento; 
 

M− = 9,94 ∗ 50 ∗ 25 ∗ 
50
2

= 310625 KN_M 
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Comparación de los dos momentos anteriores con el momento flector negativo que se 
produce sobre la pila en las secciones típicas del tablero cuando se empuja; 

 

 
 

M− =  
9,94 ∗ 25 ∗ 502

12
= 51770,83 KN_M 

 
De lo visto anteriormente puede decirse que cuando un vano completo está en voladizo 

(sin pico de lanzamiento), la carga de peso propio es muy elevada. Esta situación inadmisible 
para un planteamiento económico del sistema por lo que el pico de lanzamiento está 
plenamente justificado ya que este evitará la ménsula de hormigón en el vano alcanzando la 
siguiente pila cuando el hormigón de la superestructura no ha adquirido suficiente longitud 
para producir una ley de momentos flexionantes elevada. 

 
Entre el estribo y el parque de prefabricación existe una zona de longitud a determinar que 

viene condicionada por estabilidad. Determinaremos su longitud mínima para que al comienzo 
del empuje, en la situación en la que el pico está a punto de alcanzar la pila inicial. El 
coeficiente de seguridad al vuelco será igual a 1,50. Consideraremos además de los pesos 
propios de pico y tablero una sobrecarga sobre el tablero de 1  KN/M2. Además de una carga 
puntual sobre el pico de 10 KN. 

 

 
 

Mvolcador = �9,94 ∗ 20 ∗ 25 ∗ 7,5 ∗
7,5
2 � + (27 ∗ 30 ∗22,5) + (10 ∗ 37,5) + �1 +

7,52

2 �  = 25617,19 KN_M 

 
Mestabilizador = (1,5 ∗ 25617,19) = 38425,79  KN_M 

 

Mestabilizador = (9,94 ∗ 25 ∗ 𝑙) ∗
𝑙
2

= 124,25 ∗ 𝑙 2 
 

𝑙 = �
38425,79

124,25
= 17,59 ≅ 18,00 𝑚. 
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Evaluaremos la fuerza horizontal máxima necesaria para empujar el tablero suponiendo 
que está en rampa con una inclinación del 1% y que el coeficiente de rozamiento acero-teflón 
en los apoyos deslizantes provisionales vale 0,03. Elegiremos el número de gatos y su fuerza de 
empuje en KN; 

 
                                   FH = (𝜇 ∗ m ∗ g ∗ cosα) + (m ∗ g ∗ sinα)                             [2] 

FH = 0,03 ∗ (9,94 ∗ 375 ∗ 25) ∗ cosα+ (9,94 ∗ 375 ∗ 25) ∗ sinα 
FH = 2795,49 + 931,83 ≅ 3727,32 KN 

 
Utilizaremos dos gatos de 2000 KN. 
 
Supondremos gatos del tipo Ebersperger (carrera horizontal y vertical), Calcularemos la 

longitud del puente que puede empujarse con este tipo de gatos si el coeficiente de 
rozamiento (gato vertical-hormigón) vale 0,50; 

 
FH = 0,50 ∗ (9,94 ∗ 𝑙 ∗ 25) ∗ cosα+ (9,94 ∗ 𝑙 ∗ 25) ∗ sinα = 4000 KN 

(124,24 ∗ 𝑙) + (2,48 ∗ 𝑙) = 4000 KN 
𝑙 = 31,56 𝑚. 

 
El cálculo es correcto ya que tenemos longitud de dovelas de 25 m. 
 
Para dimensionar el pretensado de construcción que será mecánicamente centrado (todas 

las secciones se someterán a momentos positivos y negativos máximos), se tiene; 
 
Ahora evaluaremos los momentos positivos y negativos a medida que avanzamos por 

tramos en el empuje del puente; 
 

 
Figura 32. Momentos primer tramo. 

 

 
Figura 33. Momentos segundo tramo. 

 

 
Figura 34. Momentos tercer tramo. 
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Figura 35. Momentos cuarto tramo. 

 

 
Figura 36. Momentos quinto tramo. 

 

 
Figura 37. Momentos sexto tramo. 

 

 
Figura 38. Momentos séptimo tramo. 

 

 
Figura 39. Momentos tramo final sin pico de lanzamiento. 

 
Obtenemos los máximos momentos; 

 
M−

máx. =  78050 KN_M 
M+

máx. =  36513 KN_M 
 
Calcularemos ahora el postensado de construcción con los esfuerzos correspondientes; 
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Materiales 
Tipo de Hormigón HA-45 

Tipo de Acero activo Y1860S7 
𝒇𝒄𝒌.(𝑴𝒑𝒂) 45 
𝒇𝒚𝒑𝒌.(𝑴𝒑𝒂) 1860 

Efecto favorable  (𝜸𝒑) 0,90 
 

𝜎𝑠𝑢𝑝. = −
0,9P
9,94

+
78050 ∗ 1,33

16,05
= 0 → P =

9,94 ∗ 78050 ∗ 1,33
16,05 ∗ 0,9

= 71432,09 KN            [2] 

 
𝑃𝑖𝑛𝑓. + 𝑃𝑠𝑢𝑝. = 71432,09𝐾𝑁 → (𝑃𝑠𝑢𝑝. ∗ 𝑒𝑠𝑢𝑝.) − (𝑃𝑖𝑛𝑓. ∗ 𝑒𝑖𝑛𝑓.) = 0 

 
(𝑃𝑠𝑢𝑝. ∗ 1,18) − �𝑃𝑖𝑛𝑓. ∗ 1,92� = 0 → 𝑃𝑖𝑛𝑓. =

1,18
1,92𝑃𝑠𝑢𝑝. = 0,6146𝑃𝑠𝑢𝑝. → 𝑃𝑠𝑢𝑝. =

71432,09
1,6146 = 44241,35KN 

 
𝑃𝑖𝑛𝑓. = 71432,09− 44241,35 = 27190,74KN 

 
Suponiendo tendones Y1860S7 18 ɸ 0,6” se tiene; 
 

𝐴𝑝 = 18 ∗ 140 𝑚𝑚2 → 𝐴𝑝.𝑡𝑜𝑡𝑎𝑙 = # 𝑑𝑒 𝑇𝑒𝑛𝑑.∗ 18 ∗ 140 𝑚𝑚2 → # 𝑑𝑒 𝑇𝑒𝑛𝑑. =
𝐴𝑝.𝑡𝑜𝑡𝑎𝑙

18 ∗ 140 𝑚𝑚2 

 

𝑃𝑎𝑛𝑐𝑙. = 𝐴𝑝.𝑡𝑜𝑡𝑎𝑙 ∗ 𝜎𝑝𝑜→𝑃𝑎𝑛𝑐𝑙. = 1,44 ∗ 𝑃𝑚𝑖𝑛. → 𝜎𝑝𝑜 = 1400 
𝑁

𝑚𝑚2 

 

𝐴𝑝.𝑡𝑜𝑡𝑎𝑙(𝑃𝑠𝑢𝑝.) =
44241,35 𝐾𝑁 ∗ 1,44

1400 𝑁
𝑚𝑚2 ∗  1𝐾

103

= 45505,39 𝑚𝑚2 → # 𝑑𝑒 𝑇. (𝑃𝑠𝑢𝑝.) =
45505,39 𝑚𝑚2

18 ∗ 140 𝑚𝑚2 ≅ 18 

 

𝐴𝑝.𝑡𝑜𝑡𝑎𝑙(𝑃𝑖𝑛𝑓.) =
27190,74𝐾𝑁 ∗ 1,44

1400 𝑁
𝑚𝑚2 ∗  1𝐾

103

= 27967,62 𝑚𝑚2 → # 𝑑𝑒 𝑇. (𝑃𝑖𝑛𝑓.) =
27967,62 𝑚𝑚2

18 ∗ 140 𝑚𝑚2 ≅ 12 

 

 
Figura 40. Tendones en losa superior e inferior. 

 
En el supuesto de que una de las últimas fases de empuje del tablero pierde contacto con el 

apoyo próximo al molde y queda en voladizo desde el estribo. Comprobaremos si es válido el 
pretensado diseñado anteriormente; 

 

 
Figura 41. Pérdida de apoyo. 
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M−
estribo = 9,94 ∗ 25 ∗ 18 ∗ 18

2
= 40257 KN_M < 78050 KN_M.  Cumple! 

 
5. APARATOS DE APOYO. 

En este apartado dimensionaremos los aparatos de apoyo utilizando la normativa (SETRA; 
B.T #4);                                                                                                                                                    [2] 

 
5.1. Cargas; 

 

𝑃𝑃 = 9,94𝑚2 ∗ 25
𝐾𝑁
𝑚3 = 248,5

𝐾𝑁
𝑚

→ 𝐶𝑃 = 37,5
𝐾𝑁
𝑚

→ 𝑆𝐶 = 4
𝐾𝑁
𝑚2 ∗ 12,5𝑚 = 50

𝐾𝑁
𝑚

→ 𝑄 = 600𝐾𝑁 

 
5.2. Propiedades mecánicas de la sección; 

 
Hormigón; HP45/B/12/IIb. 
 

𝐼𝑐 = 16,05 𝑚4 
 

𝐸𝑐 = 𝐾 ∗ (𝑓𝑐𝑚)
1
3 𝑀𝑝𝑎, Con K=4000 para cargas de larga duración y  K=8500 para cargas 

instantáneas. 
 

𝑓𝑐𝑚 = 𝑓𝑐𝑘 + 8 𝑀𝑝𝑎 → 𝐸𝑐(28) = 8500 ∗ (45 + 8)
1
3 = 31928,43 𝑀𝑝𝑎, (𝐼𝑛𝑠. ) 

 
𝐸𝑐(∞) = 4000 ∗ (45 + 8)

1
3 = 15025,14 𝑀𝑝𝑎, (𝐷𝑒 𝑙𝑎𝑟𝑔𝑎 𝑑𝑢𝑟𝑎𝑐𝑖ó𝑛) 

 

𝐸𝑐𝐼𝑐 = 15025,14 
𝑁

𝑚𝑚2 ∗ 16,05 𝑚4 ∗
1𝐾
103

∗
10002 𝑚𝑚2

1𝑚2 = 241153545,4 𝐾𝑁 ∗ 𝑚2 

 
5.3. Reacciones y giros; 

 

 
Figura 42. Reacción máxima en estribos. 

 

 
Figura 43. Reacción mínima en estribos. 

 
𝑅𝑚á𝑥.(𝐸1) = 5372 𝐾𝑁 
𝑅𝑚í𝑛.(𝐸1) = 3617,61 𝐾𝑁 
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Figura 44. Giro máximo en estribos. 

 
𝐻𝑖𝑝. 1 → 𝜃𝑀á𝑥 = 0,00174 𝑟𝑎𝑑 
𝐻𝑖𝑝. 2 → 𝜃𝑀á𝑥 = 0,0009 𝑟𝑎𝑑 

 

 
Figura 45. Reacciones  máxima y mínima en pilas 1 y 2.  

 
𝑅𝑚á𝑥.(𝑃1,2) = 17140,61 𝐾𝑁 
𝑅𝑚í𝑛.(𝑃1,2) = 13558,48 𝐾𝑁 

 

 
Figura 46. Giro  máximo en pilas 1 y 2.  

 
𝐻𝑖𝑝. 1 → 𝜃𝑀á𝑥 = 0,00079 𝑟𝑎𝑑 
𝐻𝑖𝑝. 2 → 𝜃𝑀á𝑥 = 0,00012 𝑟𝑎𝑑 
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Figura 47. Reacciones  máxima y mínima en pilas 3 y 4.  

 
𝑅𝑚á𝑥.(𝑃3,4) = 17924,64 𝐾𝑁 
𝑅𝑚í𝑛.(𝑃3,4) = 14002,24 𝐾𝑁 

 

 
Figura 48. Giro  máximo y mínimo en pilas 3 y 4.  

 
𝐻𝑖𝑝. 1 → 𝜃𝑀á𝑥 = 0,00056 𝑟𝑎𝑑 
𝐻𝑖𝑝. 2 → 𝜃𝑀á𝑥 = 0,00061 𝑟𝑎𝑑 

 

 
Figura 49. Reacciones  máxima y mínima en pilas 5 y 6. 

 
𝑅𝑚á𝑥.(𝑃5,6) = 17788,74 𝐾𝑁 
𝑅𝑚í𝑛.(𝑃5,6) = 13748,02 𝐾𝑁 
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Figura 50. Giro  máximo y mínimo en pilas 5 y 6. 

 
𝐻𝑖𝑝. 1 → 𝜃𝑀á𝑥 = 0,00069 𝑟𝑎𝑑 
𝐻𝑖𝑝. 2 → 𝜃𝑀á𝑥 = 0,00055 𝑟𝑎𝑑 

 

 
Figura 51. Reacciones  máxima y mínima en la pila 7. 

 
𝑅𝑚á𝑥.(𝑃7) = 17866,38 𝐾𝑁 
𝑅𝑚í𝑛.(𝑃7) = 13800,67 𝐾𝑁 

 

 
Figura 52. Giro  máximo y mínimo en la pila 7. 

 
𝐻𝑖𝑝. 1 → 𝜃𝑀á𝑥 = 0,00068 𝑟𝑎𝑑 
𝐻𝑖𝑝. 2 → 𝜃𝑀á𝑥 = 0,00057 𝑟𝑎𝑑 
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5.4. Tabla resumen;  
 

Apoyos Reacción máxima 
(KN) 

Reacción mínima 
(KN) 

Giro máximo (rad) 

E1-E2 5372 3617,61 -0,00174 
P1-P2 17140,61 13558,48 -0,00012 
P3-P4 17924,64 14002,24 -0,00061 
P5-P6 17788,74 13748,02 -0,00069 

P7 17866,38 13800,67 -0,00068 
 
5.5. Predimensionamiento de los aparatos de apoyo; (colocaremos 2 aparatos de 

apoyo por cada sección); 
 

5.5.1. E1-E2. En planta; Compresión admisible; 
 

𝜎𝑎𝑑𝑚. = 150 
𝐾𝑝
𝑐𝑚2 → 𝐴 ≥

5372 𝐾𝑁

2 ∗ 150 𝐾𝑝
𝑐𝑚2

∗  
103

1𝐾
∗

1𝐾𝑝
10 𝑁

= 1790,67 𝑐𝑚2 

 
𝑎 ∗ 𝑏 = 40 ∗ 50 𝑐𝑚2 (2000 𝑐𝑚2) 

 
5.5.2. Predimensionamiento en espesor; 

 
𝑡𝑔𝛾 = 𝑈𝑥,1 

𝑛∗𝑒
≤ 0,5; Supondremos el punto fijo en el centro del puente; 

 
𝑈𝑥,1 → ∆𝑇 = 35°𝐶 →∝= 1,2 ∗ 10−5°𝐶−1 

 
5.5.3. Deformación longitudinal (ɛ); 

 
ɛ =∝∗ ∆𝑇 = 1,2 ∗ 10−5°𝐶−1 ∗ 35°𝐶 = 4,2 ∗ 10−4 

 
5.5.4. Punto fijo en el centro del puente; 

 
𝑈𝐸,1 = ɛ ∗ 187,5 𝑚. = 4,2 ∗ 10−4 ∗ 187,5 = 78,75 𝑚𝑚 = −𝑈𝐸,2 

 
5.5.5. Espesor; 

 

𝑡𝑔𝛾 =
78,75 
𝑛 ∗ 𝑒

≤ 0,5 → 𝑛 ∗ 𝑒 = 157,5 𝑚𝑚 ≅ 160 𝑚𝑚 

 
𝑒 = 10 𝑚𝑚; 𝑒𝑠𝑝𝑒𝑠𝑜𝑟 𝑑𝑒 𝑢𝑛𝑎 𝑐𝑎𝑝𝑎 𝑑𝑒 𝑛𝑒𝑜𝑝𝑟𝑒𝑛𝑜. 

𝑛 = 16 ;𝑛ú𝑚𝑒𝑟𝑜 𝑑𝑒 𝑐𝑎𝑝𝑎𝑠. 
 

5.5.6. Estabilidad; 
 

𝑎 
𝑛 ∗ 𝑒

≥ 5 → 𝑎 ≥ 5 ∗ 𝑛 ∗ 𝑒 → 𝑎 ≥ 5 ∗ 160 → 𝑎𝑚í𝑛. = 800 𝑚𝑚 > 400𝑚𝑚 

 
Tomaremos;                  800 ∗ 800 ∗ 16(10 + 2) → 𝑎 ∗ 𝑏 ∗ 𝑛(𝑒 + 𝑡𝑠) 
 

(800 ∗ 800) → 𝑃𝑙𝑎𝑛𝑡𝑎. 
16 → 𝑁ú𝑚𝑒𝑟𝑜 𝑑𝑒 𝑐𝑎𝑝𝑎𝑠. 
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10 → 𝐸𝑠𝑝𝑒𝑠𝑜𝑟 𝑑𝑒𝑙 𝑒𝑙𝑎𝑠𝑡ó𝑚𝑒𝑟𝑜 𝑒𝑛 𝑚𝑚. 
2 → 𝐸𝑠𝑝𝑒𝑠𝑜𝑟 𝑎𝑐𝑒𝑟𝑜 𝑧𝑢𝑛𝑐ℎ𝑎𝑑𝑜. 

 
5.5.7. Pilares; 

 

𝐴 ≥
𝑅𝑚á𝑥.

𝜎𝑎𝑑𝑚.
=

17924,64 𝐾𝑁

2 ∗ 150 𝐾𝑝
𝑐𝑚2

∗
103

1𝐾
∗

1𝐾𝑝
10 𝑁

= 5974,88 𝑐𝑚2 

 
𝑎 ∗ 𝑏 = 80 ∗ 80 𝑐𝑚2 (6400 𝑐𝑚2) 

 
5.5.8. Espesor; 

 
𝑡𝑔𝛾 = 𝑈𝑥,1 

𝑛∗𝑒
≤ 0,5; Supondremos el punto fijo en el centro del puente; 

 
𝑈𝑥,1 → ∆𝑇 = 35°𝐶 →∝= 1,2 ∗ 10−5°𝐶−1 

 
5.5.9. Deformación longitudinal (ɛ); 

 
ɛ =∝∗ ∆𝑇 = 1,2 ∗ 10−5°𝐶−1 ∗ 35°𝐶 = 4,2 ∗ 10−4 

 
5.5.10. Punto fijo en el centro del puente; 

 
𝑈𝑃,1 = ɛ ∗ 150 𝑚. = 4,2 ∗ 10−4 ∗ 150 = 63 𝑚𝑚 = −𝑈𝐸,2 

 

𝑡𝑔𝛾 =
63 𝑚𝑚 
𝑛 ∗ 𝑒

≤ 0,5 → 𝑛 ∗ 𝑒 = 126 𝑚𝑚 ≅ 130 𝑚𝑚 

 
5.5.11. Estabilidad; 

 
𝑎 
𝑛∗𝑒

≥ 5 → 𝑎 ≥ 5 ∗ 𝑛 ∗ 𝑒 → 𝑎 ≥ 5 ∗ 130 → 𝑎𝑚í𝑛. = 630 𝑚𝑚 → (𝑎 = 8000 𝑚𝑚) 
 

𝑛 ∗ 𝑒 ≤
800 

5
= 160 → 𝑛 =

160
10

= 16 𝑐𝑎𝑝𝑎𝑠. 
 

𝑆 =
𝑎 ∗ 𝑏 

2(𝑎 + 𝑏)𝑒
=

800 ∗ 800
2(800 + 800)10

= 20  

 
5.5.12. Rotación admisible; 

 

∝𝑎𝑑𝑚.= 3 ∗ 𝑛 ∗ ��
𝑒
𝑎�
�2 = 3 ∗ 16 ∗ ��

10
800�

�2 = 7,5 ∗ 10−3 

 
n 16 17 
e 10 10 
S 20 20 

𝝈𝒂𝒅𝒎. 32 32 
∝𝒂𝒅𝒎. 7,5 ∗ 10−3 8 ∗ 10−3 

 
Tenemos; 
 

𝜃𝑚á𝑥. = 6,1 ∗ 10−3 →∝𝒂𝒅𝒎.= 8 ∗ 10−3  



PROYECTO DE UN PUENTE EMPUJADO Y ESTUDIO MEDIANTE ANÁLISIS NO LINEAL DEL COMPORTAMIENTO 
DIFERIDO Y EN ESTADO LÍMITE ÚLTIMO. 

 

36 
 

𝜎𝑎𝑑𝑚. ≤ 2 ∗ 𝐺𝐿 ∗ 𝑆 ≤ 2 ∗ 0,8 ∗ 20 = 32 𝑀𝑝𝑎. 
 

𝐺𝐿 = 8 
𝐾𝑝
𝑐𝑚2 = 0,8 𝑀𝑝𝑎. 

 

∝𝑎𝑑𝑚.= 3 ∗ 𝑛 ∗ ��
𝑒
𝑎�
�2 = 3 ∗ 17 ∗ ��

10
800�

�2 = 8 ∗ 10−3 

 
Tomaremos;                  800 ∗ 800 ∗ 16(10 + 2) → 𝑎 ∗ 𝑏 ∗ 𝑛(𝑒 + 𝑡𝑠) 

 
 

5.6. Verificación aparatos de apoyo en los estribos; 
 

800 ∗ 800 ∗ 16(10 + 2) 
 

5.6.1. Compresión máxima; 
 

𝜎𝑚á𝑥. =
5372 𝐾𝑁

(0,80 ∗ 0,80)𝑚2 ∗
103

1𝐾
∗

1𝑀
106

= 8,39 𝑀𝑝𝑎. 

 
𝜎𝑎𝑑𝑚. = 32 𝑀𝑝𝑎. > 𝜎𝑚á𝑥. → 𝑂.𝐾! 

 
5.6.2. Compresión mínima; 

 

𝜎𝑚í𝑛. =
3617,61 𝐾𝑁

(0,80 ∗ 0,80)𝑚2 ∗
103

1𝐾
∗

1𝑀
106

= 5,65 𝑀𝑝𝑎. 

 
5.6.3. Seguridad frente al deslizamiento; 

 

𝜎𝑚í𝑛.𝑑𝑒𝑠𝑙𝑖𝑧. = 3 𝑀𝑝𝑎.→ 𝜎𝑚í𝑛. =
𝑅𝑚í𝑛.

𝑎 ∗ 𝑏
≥ 3 𝑀𝑝𝑎 → 5,65 ≥ 3 → 𝑂.𝐾! 

 
5.7. Posición del punto fijo; 

 

𝑋0 =
∑𝐾𝑖𝐿𝑋𝑖
∑𝐾𝑖𝐿

 

 

𝐾𝑎𝑝𝑜𝑦𝑜 →
𝐹
𝜇

=
𝑎 ∗ 𝑏 ∗ 𝐺
𝑛 ∗ 𝑒

 

 

𝐾𝐸1,2 =
2 ∗ 800 𝑚𝑚 ∗ 800 𝑚𝑚 ∗ 0,8 𝑀𝑝𝑎

(16 ∗ 10)𝑚𝑚
∗

106

1𝑀
∗
𝑁
𝑚2 ∗

1𝑚2

10002𝑚𝑚2 = 6400 
𝑁
𝑚𝑚

  

 
 

5.7.1. Predimensionamiento de las pilas; tendrán sección rectangular constante de 
dimensiones (5,00 ∗ 1,20)𝑚. y el hormigón será HA-30. 

 
Pilas Altura (h=metros) 

P1 y P2 7,50 
P3 y P4 7,50 
P5 y P6 7,50 

P7 7,50 
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𝐾𝑃1,2 =
1

1
𝐾𝑃𝑖𝑙𝑎1,2

+ 1
𝐾𝑎𝑝1,2

  

 

𝐾𝑃1,2 =
3𝐸𝐼
ℎ3

 

 

𝐼𝑃1,2 =
5 ∗ 1,203

12
= 0,72 𝑚4  

 

𝐸𝑐(∞) = 4000 ∗ (30 + 8)
1
3 = 13447,90 𝑀𝑝𝑎, (𝐷𝑒 𝑙𝑎𝑟𝑔𝑎 𝑑𝑢𝑟𝑎𝑐𝑖ó𝑛) 

 

𝐾𝑃1,2 =
3 ∗ 1,345 ∗ 107

7,53 ∗ 𝑚3 ∗
𝐾𝑁
𝑚2 ∗ 0,72𝑚4 = 68864,00 

𝐾𝑁
𝑚

 

 

𝐾𝑎𝑝1,2 =
2 ∗ 800 ∗ 800 ∗ 0,8

17 ∗ 10
= 6023,53 

𝑁
𝑚𝑚

 

 

𝐾𝑃1,2 =
1

1
68864,00

+ 1
6023,53

= 5539,03 
𝑁
𝑚𝑚

= 𝐾𝑃3,4,5,6,7 

 
Punto fijo; 

 

𝑋0 =
∑𝐾𝑖𝐿𝑋𝑖
∑𝐾𝑖𝐿

 

 
=

(5539,03 ∗ 37,5) + (5539,03 ∗ 87,5) + (5539,03 ∗ 137,5) + (5539,03 ∗ 187,5) + (5539,03 ∗ 237,5) + (5539,03 ∗ 287,5) + (5539,03 ∗ 337,5) + (6400 ∗ 375)
(2 ∗ 6400) + (5539,03 ∗ 6) + 5539,03

 

 
𝑋0 = 187,5 →Debido a la simetría en altura y distribución longitudinal de los pilares el 

punto fijo está situado en el eje del puente. 
 
5.8. Determinación de la fuerza de frenado (IAP); 

 

                                      𝐹𝐹 =
1

20
∗ �4

𝐾𝑁
𝑚2 ∗ 11 𝑚.∗ 375 𝑚. +600 𝐾𝑁� = 855 𝐾𝑁                     [3] 

 
𝐹𝐹.𝑚í𝑛 = 20 ∗ 𝑏 = 20 ∗ 11 = 220 𝐾𝑁 

 
𝐹𝐹.𝑚á𝑥 = 60 ∗ 𝑏 = 60 ∗ 11 = 660 𝐾𝑁 

 
𝐹𝐹.𝑚á𝑥 = 60 ∗ 𝑏 ≤ 720 𝐾𝑁 

 
No cumple la normativa para frenado y arranque por lo que aumentaremos la dimensión de 

los andenes laterales (b=9,00 m.); 
 

𝐹𝐹 =
1

20
∗ (4 ∗ 9 ∗ 375 + 600 ) = 705 𝐾𝑁 → 𝑂.𝐾! 

 
5.9. Nuevas rigideces para fuerzas instantáneas;  

 
𝐺𝑖 = 2 ∗ 𝐺  
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𝐾𝐸1,2 = 2 ∗ 6400 
𝑁
𝑚𝑚

= 12800
𝑁
𝑚𝑚

 → 𝐾𝑃1,2 =
1

1
𝐾𝑃𝑖𝑙𝑎1,2

+ 1
𝐾𝑎𝑝1,2

  

 

𝐾𝑃1,2 =
3𝐸𝐼
ℎ3

→ 𝐼𝑃1,2 =
5 ∗ 1,203

12
= 0,72 𝑚4  

 

𝐸𝑐(28) = 10000 ∗ (30 + 8)
1
3 = 3,362 ∗ 107  

𝐾𝑁
𝑚2 , (𝑖𝑛𝑠𝑡𝑎𝑛𝑡á𝑛𝑒𝑎𝑠) 

 

𝐾𝑃1,2 =
3 ∗ 3,362 ∗ 107

7,53 ∗ 𝑚3 ∗
𝐾𝑁
𝑚2 ∗ 0,72𝑚4 = 172134,40 

𝐾𝑁
𝑚

 

 

𝐾𝑃1,2 =
1

1
172134,40

+ 1
12047,06

= 11259,08 
𝑁
𝑚𝑚

= 𝐾𝑃3,4,5,6,7 

 
5.9.1. Desplazamiento;  

 

𝑢 =
𝐹𝐹
∑𝐾𝑖

=
705 𝐾𝑁

(2 ∗ 12800) + (11259,08 ∗ 7)
= 6,752 ∗ 10−3𝑚. 

 
5.9.2. Fuerzas de frenado en estribos y pilas; 

 
 

Fuerzas Valor Cantidad Total (KN) 
𝐹𝐹𝐸1,2 12800

𝐾𝑁
𝑚 ∗ 6,752 ∗ 10−3 = 86,43 𝐾𝑁 2 172,85  

𝐹𝐹𝑃1,2 11259,08
𝐾𝑁
𝑚 ∗ 6,752 ∗ 10−3 = 76,02 𝐾𝑁 2 152,04 

𝐹𝐹𝑃3,4 11259,08
𝐾𝑁
𝑚 ∗ 6,752 ∗ 10−3 = 76,02 𝐾𝑁 2 152,04 

𝐹𝐹𝑃5,6 11259,08
𝐾𝑁
𝑚 ∗ 6,752 ∗ 10−3 = 76,02 𝐾𝑁 2 152,04 

𝐹𝐹𝑃7 11259,08
𝐾𝑁
𝑚 ∗ 6,752 ∗ 10−3 = 76,02 𝐾𝑁 1 76,02 

�𝐹𝐹   705 

 
5.10. Continuación con la verificación aparatos de apoyo; 

 
𝑢 = ɛ ∗ 𝑋0 = 4,2 ∗ 10−4 ∗ 187,5 𝑚. = 0,07875 𝑚. 

 
5.10.1. Distorsión admisible; 

 

0,5 ≥ 𝑡𝑔𝛾𝐿 =
78,75 𝑚𝑚 

16 ∗ 10
= 0,492 < 0,5 → 𝑂.𝐾! 

 

0,7 ≥ 𝑡𝑔𝛾𝐿 + 𝛾𝑔𝑖 =
86,43 𝐾𝑁 

2 ∗ (80 ∗ 80)𝑐𝑚 ∗ 8 𝐾𝑝
𝑐𝑚2 ∗ 2

∗
1𝐾𝑝
10𝑁

∗
103

1𝐾
+ 0,492 = 0,534 < 0,7 → 𝑂.𝐾! 

 
5.10.2. Rotación admisible; 

 

∝𝑎𝑑𝑚.= 3 ∗ 𝑛 ∗ (
𝑒
𝑎

)2 = 3 ∗ 16 ∗ (
10

800
)2 = 7,5 ∗ 10−3 >> 0,00174 → 𝐺𝑖𝑟𝑜 𝑚á𝑥. 𝑒𝑠𝑡𝑟𝑖𝑏𝑜 → 𝑂.𝐾! 
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5.10.3. Inestabilidad; 
𝑎 
𝑛 ∗ 𝑒

=
800

16 ∗ 10
= 5 → 𝑂.𝐾! 

 
5.10.4. Placas de acero zunchado; 

 

𝑡𝑠 ≥
𝑎
𝑆
∗
𝜎𝑚
𝜎𝑒

→ 𝑡𝑠 = 2 𝑚𝑚. 

 

𝑆 =
𝑎 ∗ 𝑏 

2(𝑎 + 𝑏)𝑒
= 20 

 

𝜎𝑚á𝑥. =
𝑅𝑚á𝑥. 
(𝑎𝑏) = 8,39 𝑀𝑝𝑎. 

 
𝜎𝑒 = 𝐿. 𝑒𝑙á𝑠𝑡𝑖𝑐𝑜 𝑑𝑒𝑙 𝐴𝑐𝑒𝑟𝑜 = 275 𝑀𝑝𝑎. 

 

𝑡𝑠 ≥
𝑎
𝑆
∗
𝜎𝑚
𝜎𝑒

=
800
20

∗
11,76
275

= 1,71 𝑚𝑚.→  𝑡𝑠 = 2 𝑚𝑚.→ 𝑂.𝐾! 

 
Aparatos de apoyo de los estribos verificados; 
 

2𝑁𝑍  800 ∗ 800 ∗ 16(10 + 2) 
            𝑎  ∗    𝑏  ∗    𝑛  (𝑒 + 𝑡𝑠) 

 
5.11. Verificación aparatos de apoyo en pilas; 

 
800 ∗ 800 ∗ 16(10 + 2) 

 
5.11.1. Compresión máxima; 

 

𝜎𝑚á𝑥. =
17924,64 𝐾𝑁

(0,80 ∗ 0,80)𝑚2 ∗
103

1𝐾
∗

1𝑀
106

= 28,01 𝑀𝑝𝑎. 

 
𝜎𝑎𝑑𝑚. = 32 𝑀𝑝𝑎. > 𝜎𝑚á𝑥. → 𝑂.𝐾! 

 
5.11.2. Compresión mínima; 

 

𝜎𝑚í𝑛. =
14002,24 𝐾𝑁

(0,80 ∗ 0,80)𝑚2 ∗
103

1𝐾
∗

1𝑀
106

= 21,88 𝑀𝑝𝑎. 

 
5.11.3. Seguridad frente al deslizamiento; 

 

𝜎𝑚í𝑛.𝑑𝑒𝑠𝑙𝑖𝑧. = 3 𝑀𝑝𝑎.→ 𝜎𝑚í𝑛. =
𝑅𝑚í𝑛.

𝑎 ∗ 𝑏
≥ 3 𝑀𝑝𝑎 → 21,88 ≥ 3 → 𝑂.𝐾! 

 
𝑢 = ɛ ∗ 𝑋0 = 4,2 ∗ 10−4 ∗ 150 𝑚. = 0,0630 𝑚. 

 
5.11.4. Distorsión admisible; 

 

0,5 ≥ 𝑡𝑔𝛾𝐿 =
63,00 𝑚𝑚 

17 ∗ 10
= 0,371 < 0,5 → 𝑂.𝐾! 
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0,7 ≥ 𝑡𝑔𝛾𝐿 + 𝛾𝑔𝑖 =
76,02 𝐾𝑁 

2 ∗ (80 ∗ 80)𝑐𝑚 ∗ 8 𝐾𝑝
𝑐𝑚2 ∗ 2

∗
1𝐾𝑝
10𝑁

∗
103

1𝐾
+ 0,371 = 0,408 < 0,7 → 𝑂.𝐾! 

 
5.11.5. Rotación admisible; 

 

∝𝑎𝑑𝑚.= 3 ∗ 𝑛 ∗ (
𝑒
𝑎

)2 = 3 ∗ 16 ∗ (
10

800
)2 = 7,5 ∗ 10−3 >> 0,00061 → 𝐺𝑖𝑟𝑜 𝑚á𝑥. 𝑝𝑖𝑙𝑎𝑠 → 𝑂.𝐾! 

 
5.11.6. Inestabilidad; 

 
𝑎 
𝑛 ∗ 𝑒

=
800

16 ∗ 10
= 5 → 𝑂.𝐾! 

 
5.11.7. Placas de acero zunchado; 

 

𝑡𝑠 ≥
𝑎
𝑆
∗
𝜎𝑚
𝜎𝑒

→ 𝑡𝑠 = 2 𝑚𝑚. 

 

𝑆 =
𝑎 ∗ 𝑏 

2(𝑎 + 𝑏)𝑒
= 20 

 

𝜎𝑚á𝑥. =
𝑅𝑚á𝑥. 
(𝑎𝑏) = 28,01 𝑀𝑝𝑎. 

 
𝜎𝑒 = 𝐿. 𝑒𝑙á𝑠𝑡𝑖𝑐𝑜 𝑑𝑒𝑙 𝐴𝑐𝑒𝑟𝑜 = 275 𝑀𝑝𝑎. 

 

𝑡𝑠 ≥
𝑎
𝑆
∗
𝜎𝑚
𝜎𝑒

=
800
20

∗
28,01
275

= 4,07 𝑚𝑚.→  𝑡𝑠 = 2 𝑚𝑚.→ 𝑁𝑜 𝑐𝑢𝑚𝑝𝑙𝑒! 

 
Utilizaremos otro espesor de capa de neopreno con su respectivo (𝑡𝑠), según fabricantes; 
 
Aparatos de apoyo de los estribos verificados; 
 

                                              2𝑁𝑍  800 ∗ 800 ∗ 16(20 + 4)                                      [2] 
            𝑎  ∗    𝑏  ∗    𝑛  (𝑒 + 𝑡𝑠) 

 
6. DISEÑO DE LA ARMADURA ACTIVA EN SERVICIO. 

Limitación de la Fuerza de Tesado (art. 20.2.1.); 
 
El valor máximo de la fuerza de tesado debe limitarse por el mínimo de los valores 

siguientes; 
 

• 75% de la carga de rotura real. 
• 90% del límite elástico real. 

 
No obstante, y de forma únicamente temporal, se permite que el valor máximo pueda ser: 
 

• 85% de la carga de rotura real 
• 95% del límite elástico real. 
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Siempre que, al anclar las armaduras en el hormigón, se produzca una reducción 
conveniente de la tensión. 

 
Fuerzas de Pretensado Transmitidas; 
 
La fuerza efectiva del pretensado (𝑃𝑥) en cualquier punto del tendón, y a lo largo del 

tiempo, es distinta a la fuerza inicial de tesado en el anclaje (𝑃0); 
 
                                             𝑃𝑥 = 𝑃0 − ∆𝑃𝑖 − ∆𝑃𝑑𝑖𝑓.                                                                 [4]   

 
Siendo; 
 
𝑃𝑥 = La fuerza del pretensado en el punto x del tendón. 
𝑃0 = La fuerza de pretensado en el punto de aplicación. 
∆𝑃𝑖 = Las pérdidas instantáneas de pretensado. 
∆𝑃𝑑𝑖𝑓. = Las pérdidas diferidas de pretensado. 
 
Como pérdidas instantáneas se pueden considerar las debidas a; 
 

a) Rozamiento entre los cables y la vaina. 
b) Penetración de cuñas. 
c) Deformación elástica del hormigón. 

   
Como pérdidas diferidas se pueden considerar las siguientes; 
  

d) Retracción del hormigón. 
e) Fluencia del hormigón. 
f) Relajación del acero. 

 
A lo largo del trabajo iremos desarrollando cada apartado. 
 
6.1. Situación más desfavorable para situar las cargas (PP+CP)+(SC+Q) 

 

 
Figura 53. Momento negativo máximo, hipótesis 1. 

 
𝑀−

𝑚á𝑥.(𝑥=187,5) = −76263,72 𝐾𝑁.𝑚 
 

 
Figura 54. Momento negativo máximo, hipótesis 2. 

 
𝑀−

𝑚á𝑥.(𝑥=87,5) = −76703,63 𝐾𝑁.𝑚 
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Figura 55. Momento negativo máximo, hipótesis 3. 

 
𝑀−

𝑚á𝑥.(𝑥=137,5) = −75613,61 𝐾𝑁.𝑚 
 

 
Figura 56. Momento positivo máximo, hipótesis 1. 

 
𝑀+

𝑚á𝑥.(𝑥=262,5) = 44595,11 𝐾𝑁.𝑚 
 

 
Figura 57. Momento positivo máximo, hipótesis 2. 

 
𝑀+

𝑚á𝑥.(𝑥=162,5) = 45327,85 𝐾𝑁.𝑚 
 

Tomaremos los valores máximos; 
 

𝑀−
𝑚á𝑥.(𝑥=187,5) = −24348,43 𝐾𝑁.𝑚 

𝑀+
𝑚á𝑥.(𝑥=212,5) = 19370,21 𝐾𝑁.𝑚 

 
6.2. Propiedades de los materiales; 

 
     fck = 45 N

mm2 , Hormigón; HP/45/B/12/IIb. 
 
Para el instante de tesado a falta de más datos consideraremos; t=28 días. 
 

      𝐸𝑐𝑗(28) = 𝐸𝑚 = 8500 ∗ (45 + 8)
1
3 = 31928,43 

𝑁
𝑚𝑚2 

 
En tracción; 
 

 𝑓𝑐𝑡,𝑚 = 0,3 ∗ (45)
2
3 = 3,80 𝑀𝑝𝑎.→ 𝑠𝑖  𝑓𝑐𝑘 ≤ 50 𝑀𝑝𝑎.→  𝑓𝑐𝑡,𝑘 = 0,7 ∗ 𝑓𝑐𝑡,𝑚 = 2,66 𝑀𝑝𝑎. 

 
Armadura pasiva; Acero; B-500-S. 
 
Armadura activa; Acero; Y-1860-S7 cordones 0,6” 𝐴 = 140 𝑚𝑚2 → 𝐸𝑝 = 190000 𝑁 

𝑚𝑚2 
 
Coeficientes de rozamiento; 𝜇 = 0,22 → 𝐾 = 0,0025 𝑚−1 
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 Penetración de cuña; a = 5 mm. 
 

Coeficiente de fluencia a tiempo infinito; 𝜑 = 2,50 
 
Retracción a tiempo infinito; 𝜀𝑐𝑠 = 4,2 ∗ 10−4 
 
Relajación armadura activa a tiempo infinito; 𝜌𝑓 = 8% 
 
6.3. Dimensionamiento de la excentricidad del cable; 

 

 
Figura 58. Excentricidad del cable, tramos de 37,5m. [5] 

 

 
Figura 59. Excentricidad del cable, tramos de 50,00m.  

 
 

 
Figura 60. Sección transversal. 

 

 
Figura 61. Excentricidad del cable. [5] 
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La ecuación que definirá la parábola será; 
 

𝑦(𝑥) = 𝑘𝑥2 → 𝑒1 = 1,92 → 𝑘 =
1,92

18,752
= 0,0055 → 𝑦´(18,75) = 0,0055 ∗ 2 ∗ 18,75 = 0,205 = 𝛼1 

 

 
 

𝑘 =
1,49
6,252

= 0,0381 

 
𝑦´(6,25) = 0,0381 ∗ 2 ∗ 6,25 = 0,477 = 𝛼2 

 

 
 

𝛼3 = 0,477 = 𝛼4 = 𝛼5 = 𝛼6 = 𝛼7 = 𝛼8 
 

6.4. Predimensionamiento del cordón de acero; 
 
Se predimensionará para cuatro situaciones (fisuración); 
 

• Tracción cordón inferior. Servicio. 
• Compresión cordón superior. Servicio. 
• Tracción cordón superior. Vacio. 
• Compresión cordón inferior. Vacio. 

 
Consideraremos en servicio; 𝑃𝐾∞ = 0,8𝑃𝐾0                                                                                 [4]   

  
Consideraremos en vacio; 𝑃𝐾𝑖 = 0,9𝑃𝐾𝑖                                                                                        [4] 

  
𝑃𝐾∞ → 𝑐𝑜𝑛 𝑝é𝑟𝑑𝑖𝑑𝑎𝑠 𝑖𝑛𝑠𝑡𝑎𝑛𝑡á𝑛𝑒𝑎𝑠 𝑦 𝑑𝑖𝑓𝑒𝑟𝑖𝑑𝑎𝑠.→ 𝑃𝐾𝑖 → 𝑐𝑜𝑛 𝑝é𝑟𝑑𝑖𝑑𝑎𝑠 𝑖𝑛𝑠𝑡𝑎𝑛𝑡á𝑛𝑒𝑎𝑠. 

 

 
Figura 62. Fisuración en el vano.  
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Figura 63. Fisuración en el apoyo.  

 
6.4.1 Tracción cordón inferior. Servicio. (𝑃𝐾∞) (En el vano);                         [6] 

 
E.L.S de fisuración coeficientes 1,1 para postensado desfavorable, 0,9 en caso favorable, 

(𝜓0 = 0,6) 𝑣𝑎𝑙𝑜𝑟 𝑑𝑒 𝑐𝑜𝑚𝑏𝑖𝑛𝑎𝑐𝑖ó𝑛 𝑝𝑎𝑟𝑎 𝑎𝑐𝑐𝑖𝑜𝑛𝑒𝑠 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒𝑠;                                    
 

 
 

𝐶𝑃 = 37,5 
𝐾𝑁
𝑚

→ 𝑀−
𝑚á𝑥. = −7965,09 𝐾𝑁.𝑚 → 𝑀+

𝑚á𝑥. = 4116,09 𝐾𝑁.𝑚 

 

 
𝑆𝐶 = 50 

𝐾𝑁
𝑚

→ 𝑀−
𝑚á𝑥. = −12822,96 𝐾𝑁.𝑚 → 𝑀+

𝑚á𝑥. = 10345,12 𝐾𝑁.𝑚 

 
Momentos al finalizar el empuje; 
 

 
𝑃𝑃 = 248,5 

𝐾𝑁
𝑚

→ 𝑀𝑝𝑝
−
𝑚á𝑥.(𝑥=287,5)

= −52782 𝐾𝑁.𝑚 → 𝑀𝑝𝑝
+
𝑚á𝑥.(𝑥=62,12)

= 27276 𝐾𝑁.𝑚 

 
𝑀𝐻.𝑝𝑟𝑒𝑡.(𝐸𝑠𝑡𝑖𝑚𝑎𝑑𝑜) = 0,20𝑃ℎ ≅ 0,68𝑃𝐾∞ 

 

 𝜎𝑖𝑛𝑓. = −
0,9(𝑃𝐾∞ + 𝑃𝐾𝑖)

𝐴𝑐
−
��𝑀𝑔 + 𝜓𝑀𝑞 + 0,68𝑃𝐾∞�� ∗ 𝑣´

𝐼𝑐
−

0,9𝑃𝐾∞ ∗ 𝑒 ∗ 𝑣´
𝐼𝑐

≤  𝑓𝑐𝑡,𝑘  

 
−

0,9[ �𝑃𝐾∞ + (71432,09 ∗ 0,75)]�

9,94
−

[�31392,09 + (0,6 ∗ 10345,12) + (0,68𝑃𝐾∞)] � ∗ (−2,07)
16,05

−
0,9𝑃𝐾∞ ∗ (−1,92) ∗ (−2,07)

16,05
= 2660 

 
−0,091𝑃𝐾∞ − 4850,77 + 4849,24 + 0,088𝑃𝐾∞ − 0,223𝑃𝐾∞ = 2660 → 𝑃𝐾∞ =

2661,53
−0,226 = −11776,68 𝐾𝑁 
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6.4.2 Compresión cordón superior. Servicio.  (𝑃𝐾∞);  
 

 𝜎𝑠𝑢𝑝. = −
0,9(𝑃𝐾∞ + 𝑃𝐾𝑖)

𝐴𝑐
−
��𝑀𝑔 + 𝜓𝑀𝑞 + 0,68𝑃𝐾∞�� ∗ 𝑣

𝐼𝑐
−

0,9𝑃𝐾∞ ∗ 𝑒 ∗ 𝑣
𝐼𝑐

≥ −0,6 𝑓𝑐𝑘  

 
−

0,9[ �−11776,68 + (71432,09 ∗ 0,75)] �

9,94 −
[ �31392,09 + (0,6 ∗ 10345,12) + (0,68 ∗ −11776,68)] � ∗ 1,33

16,05 −
0,9(−11776,68)(−1,92)1,33

16,05 ≥ −27000 

 
−3784,47 − 2452,09 − 1686,33 ≥ −27000 → −7922,89 ≥ −27000 → 𝑂.𝐾! 

 
6.4.3 Tracción cordón superior. Vacio. (𝑃𝐾𝑖); 

 

𝑃𝐾𝑖 =
0,9
0,8

𝑃𝐾∞ = 1,125 ∗ (−11776,68) = −13248,77𝐾𝑁 

 

−
1,1 ∗ (−13248,77)

9,94
−

27276 ∗ 1,33
16,05

−
1,1 ∗ (−13248,77) ∗ (−1,92) ∗ 1,33

16,05
≤ 2660 

 
1466,16− 2260,25− 2318,71 ≤ 2660 → −3112,80 ≤ 2660 → 𝑂.𝐾! 

 
6.4.4 Compresión cordón inferior. Vacio. (𝑃𝐾𝑖); 

 

−
1,1 ∗ (−13248,77)

9,94
−

27276 ∗ (−2,07)
16,05

−
1,1 ∗ (−13248,77) ∗ (−1,92) ∗ (−2,07)

16,05
≥ −27000 

 
1466,16 + 3517,84 + 3608,82 ≥ −27000 → 8592,82 ≥ −27000 → 𝑂.𝐾! 

 
6.4.5 Tracción cordón superior. Servicio. (PK∞) (En el apoyo); 

 

 𝜎𝑠𝑢𝑝. = −
0,9(𝑃𝐾∞ + 𝑃𝐾𝑖)

𝐴𝑐
−
��𝑀𝑔 + 𝜓𝑀𝑞 − 0,68𝑃𝐾∞�� ∗ 𝑣

𝐼𝑐
−

0,9𝑃𝐾∞ ∗ 𝑒 ∗ 𝑣
𝐼𝑐

≤  𝑓𝑐𝑡,𝑘 

 
−

0,9[�𝑃𝐾∞ + (71432,09 ∗ 0,75)]�

9,94
−

[�(−60747,09) + (0,6 ∗ −12822,96)− (0,68𝑃𝐾∞)]� ∗ 1,33
16,05 −

0,9𝑃𝐾∞ ∗ 1,18 ∗ 1,33
16,05 = 2660 

 
−0,091𝑃𝐾∞ − 4850,77 + 5671,42 + 0,056𝑃𝐾∞ − 0,088𝑃𝐾∞ = 2660 → 𝑃𝐾∞ =

1839,35
−0,123 = −14953,61 𝐾𝑁 

 
6.4.6 Compresión cordón inferior. Servicio.  (PK∞); 

 

 𝜎𝑖𝑛𝑓. = −
0,9(𝑃𝐾∞ + 𝑃𝐾𝑖)

𝐴𝑐
−
��𝑀𝑔 + 𝜓𝑀𝑞 − 0,68𝑃𝐾∞�� ∗ 𝑣´

𝐼𝑐
−

0,9𝑃𝐾∞ ∗ 𝑒 ∗ 𝑣´
𝐼𝑐

≥ −27000 

 
−

0,9[ �−14953,61 + (71432,09 ∗ 0,75)] �

9,94 −
[ �(−60747,09) + (0,6 ∗ −12822,96)− (0,68 ∗ −14953,61)]� ∗ (−2,07)

16,05 −
0,9 ∗ −14953,61 ∗ 1,18 ∗ (−2,07)

16,05 ≥ −27000 

 
−3496,82− 7515,51− 2048,17 ≥ −27000 → −13060,50 ≥ −27000 → 𝑂.𝐾! 

 
6.4.7 Tracción cordón inferior. Vacio. (PKi); 

 

𝑃𝐾𝑖 =
0,9
0,8

𝑃𝐾∞ = 1,125 ∗ (−14953,61 ) = −16822,81𝐾𝑁 

 

−
1,1 ∗ (−16822,81)

9,94
−

(−52782) ∗ (−2,07)
16,05

−
1,1 ∗ (−16822,81) ∗ 1,18 ∗ (−2,07)

16,05
≤ 2660 
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1861,68− 6807,40− 2816,23 ≤ 2660 → −7761,95 ≤ 2660 → 𝑂.𝐾! 
 

6.4.8 Compresión cordón superior. Vacio. (PKi); 
 

−
1,1 ∗ (−16822,81)

9,94
−

(−52782) ∗ 1,33
16,05

−
1,1 ∗ (−16822,81) ∗ 1,18 ∗ 1,33

16,05
≥ −27000 

 
1861,68 + 4373,84 + 1809,46 ≥ −27000 → 8044,98 ≥ −27000 → 𝑂.𝐾! 

 
6.5. Comprobación de la sección a fisuración en el momento de la construcción cuando 

se está realizando el empuje del puente; 
 

 
 

6.5.1. Tracción cordón inferior. Vacio. (𝑃𝐾i)(En el vano);                                 [6] 
 

𝑃𝐾𝑖 = 0,75𝑃0 → 𝑃0𝑇𝑜𝑡. = 30 ∗ 18 ∗ 1400 ∗ 140 = 105840𝐾𝑁  
 

𝑃𝐾𝑖 = 0,75 ∗ 105840 = 79380𝐾𝑁  
 

−
0,9 ∗ 79380

9,94
−

36513 ∗ (−2.07)
16,05

−
0,9 ∗ 79380 ∗ (−2.07) ∗ (−1,92)

16,05
≤ 2660 

 
−7187,32 + 4709,15− 17690,91 ≤ 2660 → −20169,08 ≤ 2660 → 𝑂.𝐾! 

 
6.5.2. Compresión cordón superior. Vacio.  (PKi); 

 

−
0,9 ∗ 79380

9,94
−

36513 ∗ 1,33
16,05

−
0,9 ∗ 79380 ∗ 1,33 ∗ 1,18

16,05
≥ −27000 

 
−7187,32− 3025,69− 6985,74 ≥ −27000 → −17198,75 ≥ −27000 → 𝑂.𝐾! 

 
6.5.3. Tracción cordón inferior. Vacio. (PKi)(En el apoyo); 

 

−
0,9 ∗ 79380

9,94
−

(−78050) ∗ (−2,07)
16,05

−
0,9 ∗ 79380 ∗ (−1,92) ∗ (−2,07)

16,05
≤ 2660 

 
−7187,32− 10066,26− 17690,91 ≤ 2660 → −34944,49 ≤ 2660 → 𝑂.𝐾! 
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6.5.4. Compresión cordón superior. Vacio.  (PKi); 
 

−
0,9 ∗ 79380

9,94
−

(−78050) ∗ 1,33
16,05

−
0,9 ∗ 79380 ∗ 1,33 ∗ 1,18

16,05
≥ −27000 

 
−7187,32 + 6467,69− 6985,74 ≥ −27000 → −7705,37 ≥ −27000 → 𝑂.𝐾! 

 
6.6. Pérdidas de pretensado; 

 
El pretensado continuo de extremo a extremo en longitudes tan grandes (L>150 m.) 

presenta ΔP excesivas; 
 

 
Figura 64. Pérdidas a lo largo del trazado. [2] 

 
Propondremos un trazado con anclajes intermedios, es decir 50% de los cordones 

acoplados y el otro 50% alternado; 
 

 
Figura 65. Trazado del cable por tramos. [2] 

 
6.7. Diseño de la armadura activa; 

 
𝑃𝐾∞(𝑣𝑎𝑛𝑜) = −11776,68𝐾𝑁 (𝐸𝑠𝑡𝑖𝑚𝑎𝑑𝑜) → 𝑃𝐾𝑖(𝑣𝑎𝑛𝑜) = −13248,77 𝐾𝑁 (𝐸𝑠𝑡𝑖𝑚𝑎𝑑𝑜) 

 
Lo cual quiere decir que la sección está comprimida y en un principio no necesitaría más 

armadura activa. Falta restar las pérdidas instantáneas y las diferidas. Con lo cual, asumiremos 
y siempre del lado de la seguridad 2T  18c  ɸ0,6”; 

 
Para aceros Y1860S7, la tensión máxima será; 
 

                           𝜎𝑚á𝑥. = 0,75 ∗ 1860 = 1395 ≅ 1400 
𝑁

𝑚𝑚2                          [2] 

 
𝐴𝑝.𝑚í𝑛. = 18 ∗ 2 ∗ 140 = 5040 𝑚𝑚2 𝑑𝑒 𝑎𝑟𝑚𝑎𝑑𝑢𝑟𝑎 𝑎𝑐𝑡𝑖𝑣𝑎. 
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Se tiene 2T  18c  ɸ0,6” ; 
 

AP.tendón = 140 𝑚𝑚2 ∗ 18 → 2520 𝑚𝑚2 → AP.total = 5040 𝑚𝑚2 
 

P0.tendón = 3528 KN → P0.total = 36 ∗ 1400 ∗ 140 = 7056 𝐾𝑁 
 

 
Figura 66. Posición de los cables. 

 
6.8. Cálculo de pérdidas;                                                                                         [6] 

 
6.8.1. Pérdidas instantáneas. Rozamiento; (ΔP1) (En un tendón.); 

 

∆P1 = 7056� 1− e−(0,22∗0,954+0,0025∗25)� =
1682,40 𝐾𝑁

2
= 841,20 𝐾𝑁 (𝑉𝑎𝑛𝑜) 

 

∆P1 = 7056� 1 − e−(0,22∗1,908+0,0025∗50)� =
2963,65 𝐾𝑁

2
= 1481,83 𝐾𝑁 (𝐴𝑝𝑜𝑦𝑜) 

 
6.8.2. Pérdidas instantáneas. Penetración de cuñas; (ΔP2) (En un tendón.); 

 

la =
5 ∗ 1,9 ∗ 105 ∗ 2520

3528 ∗ 103 − 3528 ∗ 103 ∗ e−�0,22∗0,954+2,5∗10−6
0,22 ∗la�

 

 
Si; la = 25 m.→ la = 3,580 m. 
Si; la = 24 m.→ la = 3,580 m. 
 
La serie parece converger para valores menores de (la = 25,00 m. ), por lo que en la 

sección considerada ya no hay pérdidas por penetración de cuñas. 
 

6.8.3. Pérdidas instantáneas. Acortamiento elástico; (Δ P3) (En toda la sección.); 
 

∆P3 = σcp∗
n − 1

2n
∗

Ap ∗ Ep
Ecj

→ σcp → P0 − ∆P1 − ∆P2 = 7056 − 1682,40 = 5373,60 KN (Vano) 

 
P0 − ∆P1 − ∆P2 = 7056− 2963,65 = 4092,35 KN (Apoyo) 

 

σcp(vano) =
5373,60 

9,94
+

27276 ∗ (−1,92)
16,05

+
5373,60  ∗ (−1,92) ∗ (−1,92)

16,05
= −1488,10

KN
m2 

 

∆P3(vano) = −1,49 ∗
1
4
∗

5040 ∗ 190000
31928,43

= −11,17 KN 
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σcp(apoyo) =
4092,35 

9,94
+

(−52782) ∗ 1,18
16,05

+
4092,35 ∗ 1,18 ∗ 1,18

16,05
= −3113,81 

KN
m2 

 

∆P3(apoyo) = −3,11 ∗
1
4
∗

5040 ∗ 190000
31928,43

= −23,32 KN 

 

 
 

6.8.4. Pérdidas diferidas; (Δ P.dif.); 
 

∆Pdif.(vano) =
n ∗ φ(t,t0) ∗ σcp + Ep ∗ εcs(t,t0) + χ ∗ ∆σcpr

1 + n ∗ Ap
Ac
∗ �1 + Ac∗yp2

Ic
� ∗ (1 + χ ∗ φ(t,t0))

∗ Ap =
118,73
1,030

∗ 5040 = 580,97KN 

 

∆Pd.(apoyo) =
n ∗ φ(t,t0) ∗ σcp + Ep ∗ εcs(t,t0) + χ ∗ ∆σcpr

1 + n ∗ Ap
Ac
∗ �1 + Ac∗yp2

Ic
� ∗ (1 + χ ∗ φ(t,t0))

∗ Ap =
77,02
1,017

∗ 5040 = 381,69KN 

 

n =
Ep
Ecj

=
190000

31928,43
= 5,95 → φ = 2,50 → εcj = 4,2 ∗ 10−4 → χ = 0,8 → ρf = 8% 

 

∆σcpr= ρf ∗
Pkj
Ap

= 0,08 ∗
5384,77 

5040
∗ 103 = 85,47 (vano) → ∆σcpr= 65,33 (apoyo) 

 
Pkj(vano) = P0 − ∆P1 − ∆P2 − ∆P3 = 5373,60 + 11,17 = 5384,77 KN 



PROYECTO DE UN PUENTE EMPUJADO Y ESTUDIO MEDIANTE ANÁLISIS NO LINEAL DEL COMPORTAMIENTO 
DIFERIDO Y EN ESTADO LÍMITE ÚLTIMO. 

 

51 
 

Pkj(apoyo) = P0 − ∆P1 − ∆P2 − ∆P3 = 4092,35 + 23,32 = 4115,67 KN 
 

σcp(vano) =
5384,77 

9,94
+

31392,07 ∗ (−1,92)
16,05

+
5384,77 ∗ (−1,92) ∗ (−1,92)

16,05
= −1976,79 

KN
m2 

 
P = P0 − Pinst. → M → Peso Propio + Cargas Permanentes 

 

σcp(apoyo) =
4115,67

9,94
+

(−60747,07) ∗ 1,18
16,05

+
4115,67 ∗ 1,18 ∗ 1,18

16,05
= −3695,04 

KN
m2 

 
Resumen de pérdidas; 
 

Instantáneas 

∆P1 1682,40 KN (vano) 23,84 % 
∆P1 2963,65 KN (apoyo) 42 % 
∆P2 0 0 % 
∆P3 -11,17 KN (vano) -0,16 % 
∆P3 -23,32 KN (apoyo) -0,33 % 

 
Diferidas 

∆Pdif. 580,97 KN (vano) 8,23 % 
∆Pdif. 381,69 KN (apoyo) 5,41 % 

 
Pki = P0 − ∆P1 − ∆P2 − ∆P3 = 5384,77 KN (vano) 

Pki = P0 − ∆P1 − ∆P2 − ∆P3 = 4115,67 KN (apoyo) 
Pk∞ = P0 − ∆P1 − ∆P2 − ∆P3 − ∆Pdif. = 4803,80 KN (vano) 

Pk∞ = P0 − ∆P1 − ∆P2 − ∆P3 − ∆Pdif. = 3733,98 KN (apoyo) 
 

6.8.5. Comprobación de la sección a fisuración;                                               [6] 
 

6.8.5.1. Comprobación cordón inferior. Servicio.  (PK∞) (En vano); 
 

−
0,9 ∗ 4803,80 

9,94
−

29591,02 ∗ (−2,07)
16,05

−
0,9 ∗ 4803,80 ∗ (−1,92) ∗ (−2,07)

16,05
≤ 3795 

 
−434,95 + 3816,41 − 1070,59 ≤ 2660 → 2310,87 ≤ 2660 → 𝑂.𝐾! 

 
6.8.5.2. Comprobación cordón superior. Servicio.  (PK∞); 

 

−
0,9 ∗ 4803,80

9,94
−

29591,02 ∗ 1,33
16,05

−
0,9 ∗ 4803,80 ∗ (−1,92) ∗ 1,33

16,05
≥ −27000 

 
−434,95 − 2452,09 + 687,87 ≥ −27000 → −2199,17 ≥ −27000 → 𝑂.𝐾! 

 
6.8.5.3. Comprobación cordón superior. vacio.  (PKi); 

 

−
1,1 ∗ 5384,77 

9,94
−

27276 ∗ 1,33
16,05

−
1,1 ∗ 5384,77 ∗ 1,33 ∗ (−1,92)

16,05
≤ 2660 

 
−595,90− 2260,25 + 942,41 ≤ 2660 → −1913,74 ≤ 2660 → 𝑂.𝐾! 

 
6.8.5.4. Comprobación cordón inferior. vacio.  (PKi); 

 

−
1,1 ∗ 5384,77 

9,94
−

27276 ∗ (−2,07)
16,05

−
1,1 ∗ 5384,77 ∗ (−2,07) ∗ (−1,92)

16,05
≥ −27000 
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−595,90 + 3517,84− 1466,75 ≥ −27000 → 1455,19 ≥ −27000 → 𝑂.𝐾! 
 

6.8.5.5. Comprobación cordón superior. Servicio.  (PK∞) (En apoyo); 
 

−
0,9 ∗ 3733,98 

9,94
−

(−58272,41) ∗ 1,33
16,05

−
0,9 ∗ 3733,98 ∗ 1,33 ∗ 1,18

16,05
≤ 2660 

 
−338,09 + 4828,80− 328,60 ≤ 2660 → 4162,11 ≤ 2660 → 𝑁𝑜 𝑐𝑢𝑚𝑝𝑙𝑒! 

 
Aunque no cumple hemos sido muy conservadores en algunas cosas como por ejemplo; 
 𝑓𝑐𝑡,𝑘 = 0,7 ∗ 𝑓𝑐𝑡,𝑚 = 2,66 𝑀𝑝𝑎. Así que podemos tomar  𝑓𝑐𝑡,𝑘 = 𝑓𝑐𝑡,𝑚 = 3,80 𝑀𝑝𝑎. ó disminuir 

un poco el número de cordones por tendón para descomprimir un poco más la sección y así 
evitar la microfisuración por compresión excesiva. 

 
6.8.5.6. Comprobación cordón inferior. Servicio.  (PK∞); 

 

−
0,9 ∗ 3733,98

9,94
−

(−58272,41) ∗ (−2,07)
16,05

−
0,9 ∗ 3733,98 ∗ (−2,07) ∗ 1,18

16,05
≥ −27000 

 
−338,09− 7515,51 + 511,44 ≥ −27000 → −7342,16 ≥ −27000 → 𝑂.𝐾! 

 
6.8.5.7. Comprobación cordón inferior. vacio.  (PKi); 

 

−
1,1 ∗ 4115,67

9,94
−

(−52782) ∗ (−2,07)
16,05

−
1,1 ∗ 4115,67 ∗ 1,18 ∗ (−2,07)

16,05
≤ 2660 

 
−455,46− 6807,40 + 688,99 ≤ 2660 → −6573,87 ≤ 2660 → 𝑂.𝐾! 

 
6.8.5.8. Comprobación cordón superior. vacio.  (PKi); 

 

−
1,1 ∗ 4115,67

9,94
−

(−52782) ∗ 1,33
16,05

−
1,1 ∗ 4115,67 ∗ 1,18 ∗ 1,33

16,05
≥ −27000 

 
−455,46 + 4373,84− 442,68 ≥ −27000 → 3475,70 ≥ −27000 → 𝑂.𝐾! 

 
 
7. DISEÑO DE LA ARMADURA PASIVA. FLEXIÓN. 

 
7.1.  Valores de cálculo de los esfuerzos y resistencias;                                            [7] 

 
𝑀𝑑(𝑣𝑎𝑛𝑜) = 1,35(𝑀𝑝𝑝 + 𝑀𝑐𝑝) + 1,5�𝑀𝑠𝑐+𝑀𝑄� = 1,35 ∗ 31392,09 + 1,5 ∗ 10345,12 = 57897 𝐾𝑁.𝑀 

 
𝑀𝑑(𝑎𝑝𝑜𝑦𝑜) = 1,35(𝑀𝑝𝑝 + 𝑀𝑐𝑝) + 1,5�𝑀𝑠𝑐+𝑀𝑄� = 1,35 ∗ 60747,09 + 1,5 ∗ 12822,96 = 101243 𝐾𝑁.𝑀 

 
7.2. Valores de cálculo de los esfuerzos y resistencias; 

 
𝑓𝑐𝑑 =

45
1,5

= 30 
𝑁

𝑚𝑚2 (𝐻𝑜𝑟𝑚𝑖𝑔ó𝑛) → 𝑓𝑝𝑦𝑑 =
0,9 ∗ 1860

1,15
= 1455,65 

𝑁
𝑚𝑚2 (𝑎.𝑎𝑐𝑡𝑖𝑣𝑎) → 𝑓𝑦𝑑 = 500

𝑁
𝑚𝑚2 (𝑎.𝑝𝑎𝑠𝑖𝑣𝑎) 
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7.3. Comprobación de la sección por rotura dúctil;                                                      [7] 
 

7.3.1. Axil de tracción último de la armadura activa; 
 
En el vano tenemos;   
 

 
Figura 67. Área de hormigón comprimido.  

 
Suponiendo que la rotura será dúctil y que las compresiones se reparten en la losa superior; 
 
Se tiene; 
 

𝑓𝑐𝑑 ∗ 𝑏 ∗ 𝑥 = 𝐴𝑝𝑓𝑝𝑦𝑑 → 𝑥 =
(252 ∗ 140 ∗ 1455,65)

30 ∗ 12,5 ∗ 103
= 136,95𝑚𝑚.→ 𝑥 = 0,8𝑦 → 𝑦 = 0,171 𝑚. 

 
Con lo que la cabeza de compresiones no sobrepasa la losa superior. 
 

7.3.2. Momento último (vano); 
 

𝑀𝑢 = 𝐴𝑝𝑓𝑝𝑦𝑑 ��𝑑 −
𝑦
2�
� = 51355 ��3,25−

0,171
2 �� = 162509 𝐾𝑁.𝑚 → 𝑀𝑑(𝑣𝑎𝑛𝑜) < 𝑀𝑢 → 𝑂.𝐾! 

 
Por lo que no haría falta más refuerzos en la sección analizada que el armado mínimo. 
 
En la sección de apoyo tenemos; 
 
Se tiene; 
 

𝑓𝑐𝑑 ∗ 𝑏 ∗ 𝑥 = 𝐴𝑝𝑓𝑝𝑦𝑑 → 𝑥 =
(360 ∗ 140 ∗ 1455,65)

30 ∗ 5 ∗ 103
= 489,10𝑚𝑚.→ 𝑥 = 0,8𝑦 → 𝑦 = 0,611 𝑚. 

 
Con lo que la cabeza de compresiones no sobrepasa la losa inferior. 
 

7.3.3. Momento último (apoyo); 
 

𝑀𝑢 = 𝐴𝑝𝑓𝑝𝑦𝑑 ��𝑑 −
𝑦
2�
� = 73365 ��3,25−

0,611
2 �� = 216023 𝐾𝑁.𝑚 → 𝑀𝑑(𝑎𝑝𝑜𝑦𝑜) < 𝑀𝑢 → 𝑂.𝐾! 

 
Por lo que no haría falta más refuerzo en la sección analizada que el armado mínimo. 
 

7.3.4. Dimensionamiento armadura mínima; 
 

Tomaremos; 
 

                                     As.mín. = 0,0028 ∗ 𝐴𝑐 → As`.mín. =
30
10

∗ 0,0028 ∗ 𝐴𝑐 → 𝐴𝑐 = 9,94 𝑚2               [4]  
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Por lo tanto; 
 

As.mín. = 0,0028 ∗ 9,94 = 278,32 𝑐𝑚2 → As`.mín. =
30
10

∗ 0,0028 ∗ 9,94 = 83,49 𝑐𝑚2 

 
Optaremos por colocar barras de 20 mm. de diámetro alrededor de toda la sección, 

separadas cada 25 cm. una de otra, tanto en el perímetro exterior como en el interior. 
 
7.4. Verificación de la hipótesis de rotura dúctil; 

 

 
 

𝜀𝑝0 + ∆𝜀𝑝 ≥ 𝜀𝑝𝑦 →
∆𝜀𝑝
𝑑 − 𝑥

=
0,0035
𝑥

→ ∆𝜀𝑝 = 0,0035 ∗
3,25 − 0,214

0,214
= 0,0497 

 

𝜀𝑝∞ =
𝜎𝑝∞
𝐸𝑝

=
0,75 ∗ 1400

190000
= 0,0055 → 𝜀𝑝𝑦 =

𝑓𝑝𝑦𝑑
𝐸𝑝

=
1455,65
190000

= 0,0078 

 
𝜀𝑝 = 𝜀𝑝∞ + ∆𝜀𝑝 = 0,0055 + 0,0497 = 0,0552 > 0,0078 = 𝜀𝑝𝑦 → 𝑂.𝐾! 

 

 
 

𝜀𝑝0 + ∆𝜀𝑝 ≥ 𝜀𝑝𝑦 →
∆𝜀𝑝
𝑑 − 𝑥

=
0,0035
𝑥

→ ∆𝜀𝑝 = 0,0035 ∗
3,25 − 0,764

0,764
= 0,0114 

 

𝜀𝑝∞ =
𝜎𝑝∞
𝐸𝑝

=
0,75 ∗ 1400

190000
= 0,0055 → 𝜀𝑝𝑦 =

𝑓𝑝𝑦𝑑
𝐸𝑝

=
1455,65
190000

= 0,0078 

 
𝜀𝑝 = 𝜀𝑝∞ + ∆𝜀𝑝 = 0,0055 + 0,0114 = 0,0169 > 0,0078 = 𝜀𝑝𝑦 → 𝑂.𝐾! 

 
Ambos comportamientos son dúctiles. 
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8. DISEÑO DE LA ARMADURA PASIVA. CORTANTE. 

 
8.1. Valores de cálculo de los esfuerzos y resistencias;                                                [4] 

 
Se comprobará el cortante en la sección de apoyo de la viga; 
 
Por peso propio; 
 

 
PP = 9,94 ∗ 25 = 248,5 

𝐾𝑁
𝑚. 𝑙

→ VPP.máx.(x=87,5_287,5) = 12546,34 𝐾𝑁 

 
Por cargas permanentes; 
 

 
 

CP = 37,5 
𝐾𝑁
𝑚. 𝑙

→ VCP.máx.(x=87,5_287,5) = 1893,31 𝐾𝑁 

 
Por sobrecarga de uso; 
 

 
 

SC = 4 
𝐾𝑁
𝑚2 ∗ 12,5 𝑚 = 50 

𝐾𝑁
𝑚. 𝑙

→ VSC.máx.(x=87,5_287,5) = 2524,41 𝐾𝑁 

 
Por carga móvil; 
 
En posición infinitamente próxima al apoyo; 
 

VQ.(x=87,5_287,5) = 600 𝐾𝑁 
 
Cortante debido al postensado; 
 

 
Figura 68. Cortante en el apoyo.  
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VP(serv.) = [ �𝑃𝑘∞]� = [�84672KN] →�Vrd = 1,35(14439,65) + 1,5(2524,41 + 600) − 84672 
 

Vrd = −60491,86𝐾𝑁 (Vrd = −30245,93𝐾𝑁 𝑐𝑎𝑑𝑎 𝑠𝑒𝑐𝑐𝑖ó𝑛. ) < 0 
 
8.2. Comprobación de la sección a cortante; 

 
                                                VRd ≤ Vu1; VRd ≤ Vu2                                                   [4]   

 

Vu1 = 𝑘 ∗ 𝑓1𝑐𝑑 ∗ 𝑏0 ∗ 𝑑 ∗
cotgθ + cotgα

1 + cotg2θ
→ 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑖ó𝑛 𝑜𝑏𝑙𝑖𝑐𝑢𝑎 𝑑𝑒𝑙 𝑎𝑙𝑚𝑎. 

 

 𝑓𝑐𝑡,𝑘 = 𝑓𝑐𝑡,𝑚 = 3,8 𝑀𝑝𝑎.→ 𝜎𝑐𝑑 =
𝑃
𝐴𝑐

=
30245,93𝐾𝑁

1,9𝑚2 = 15918,91
𝐾𝑁
𝑚2 = 15,92𝑀𝑝𝑎 

 

cotgθ = �1 −
𝜎𝑐𝑑

 𝑓𝑐𝑡,𝑘
= �1 +

15,92
3,8 = 2,278 → 𝑘 = 2,5 ��1 −

𝜎𝑐𝑑
 𝑓𝑐𝑑

�� = 2,5 ��1 −
15,92

30 �� = 1,173 

 
𝑏0 = 𝑏 − 𝑛Ʃɸ𝑣𝑎𝑖𝑛𝑎𝑠 = 0,55 − (0,5 ∗ 0,1 ∗ 1) = 0,50 𝑚.→ 𝑛 = 0,5 (𝐴. 𝑎𝑐𝑡𝑖𝑣𝑎 𝑎𝑑ℎ𝑒𝑟𝑒𝑛𝑡𝑒)  

 
Vu1 = 1,173 ∗ 0,60 ∗ 30 ∗ 500 ∗ 3400 ∗

2,278
6,189 = 13212 𝐾𝑁 > VRd → 𝑛𝑜 𝑒𝑠 𝑛𝑒𝑐𝑒𝑠𝑎𝑟𝑖𝑜 𝑎𝑟𝑚𝑎𝑟 𝑎 𝑐𝑜𝑟𝑡𝑎𝑛𝑡𝑒. 

 

ξ = �1 + �200
d � = �1 +� 200

3400�
= 1,24 → ρ1 =

As + AP

𝑏0𝑑
≤ 0,02 =

9426 + 5040
500 ∗ 3400

= 0,00851 → fck = 45 
N

mm2 

 

                   Vu2 = ��0,12 ∗ ξ ∗ (100ρ1 ∗ fck)
1
3 + 0,15𝜎´𝑐𝑑 �� ∗ 𝑏0 ∗ 𝑑                      [4]   

 

Vu2 = ��0,12 ∗ 1,24 ∗ (100 ∗ 0,00851 ∗ 45)
1
3 + 1,35��500 ∗ 3400 = 3148𝐾𝑁 

 

𝜎´𝑐𝑑 =
𝑁𝑑
𝐴𝑐

< 0,30fcd = 0,30 ∗ 30 = 9 𝑀𝑝𝑎 

 
Vu2 = 3148 KN > VRd → 𝑛𝑜 𝑒𝑠 𝑛𝑒𝑐𝑒𝑠𝑎𝑟𝑖𝑜 𝑎𝑟𝑚𝑎𝑟 𝑎 𝑐𝑜𝑟𝑡𝑎𝑛𝑡𝑒. 

 
8.3. Dimensionamiento de la armadura mínima de cortante; 

 

At,min = 0,02 ∗ fcd ∗ b0 ∗
sen(α)

fyαd
= 0,02 ∗ 30 ∗ 500 ∗

1
400

= 0,75
mm2

mm
 

 
Colocaremos  estribos 1ɸ10 cada 30 cm.  

 

 
Figura 69. Armadura por cortante en las almas. 
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8.4.  Verificación a cortante durante el empuje; 
  

VP(constr.) = [�𝑃𝑘𝑖]� = [�79380KN]� 
 

Vrd = 1,35(12546,34 ) − 79380 = −62442𝐾𝑁 
 

Vrd = −62442𝐾𝑁 (Vrd = −31221𝐾𝑁 𝑐𝑎𝑑𝑎 𝑠𝑒𝑐𝑐𝑖ó𝑛. ) < 0 
 
No es necesario armar a cortante, solo dispondremos de la armadura mínima ya calculada 

en el aparatado anterior. 
 

8.5. Dimensionamiento de la armadura en la zona de anclajes; (MK4);                         [8] 
 
Se compensará las tensiones de compresión en zona de apoyo y las tensiones de tracción 

en el anclaje;  
 

 
Figura 70. Bielas y tirantes en el anclaje.  

 
8.5.1. Tensiones de compresión en el área de apoyo (en el instante del tesado); 

 

                             σco =
P0
Ab

=
3528 ∗ 103

314 ∗ 314
= 35,78 

N
mm2 (Tensión en el contacto)             [8]   

 
Ab → para un apoyo de 19 cordones 0,6" es (314 ∗ 314)mm2(MK4). 

 
Nd ≤ Ac1 ∗ f3cd → Ac1 → Área de la placa. 

 

                           f3cd = �
Ac

Ac1
∗ fcd = �550 ∗ 550

314 ∗ 314
∗ 30 = 52,55

N
mm2                            [8]    

 
Nd ≤ 314 ∗ 314 ∗ 52,55 = 5181 KN → 3528 ≤ 5181 KN → O. K! 

 
Nd ≤ A2 ∗ fcd = 550 ∗ 550 ∗ 30 = 9075 KN ≥ 3528 KN → O. K! 

 
8.5.2. Tensiones de tracción transversales y armaduras de refuerzo; 

 

                   Tad = 0,25 ∗ Nd ∗
(a − a1)

a
= As ∗ fyd → fyd ≤ 400 

N
mm2                        [8]   

 

0,25 ∗ 3528 ∗ 103 ∗
550 − 314

550
= As ∗ 400 → As =

378,46 ∗ 103

400
= 946,15 mm2  

 
Colocaremos 7ɸ10 cada 7 cm. (1100 mm2), 2 ramas. 
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8.6. Dimensionamiento de la armadura transversal en las alas;                                   [9] 
 

8.6.1. Flexión; el ala es de sección variable cuyo canto queda definido por la 
siguiente ecuación; 

 

h = 0,25 +
x

16,10
 

 

 
 

Tomando 1 m. de viga, los esfuerzos sobre la sección de arranque del ala son los siguientes; 
Peso propio (𝑔1 = 25 KN

m3); 
 

𝑃𝑃 = � 25[0,25 � +
3,22

0

� 𝑥
16,10

� 𝑑𝑥 = 25 ∗ (0,25𝑥 +
𝑥2

32,20
� 𝑑𝑥
3,22

0
= 

 

𝑃𝑃 = 25 ∗ (0,25 ∗ 3,22) +
3,222

32,20
= 28,15 𝐾𝑁 

 

𝑀𝑃𝑃 = � 25(0,25 +
3,22

0

𝑥
16,10

)(3,22 − 𝑥)𝑑𝑥 = 41,50 𝐾𝑁.𝑚 

 
Carga permanente (𝑔2 = 3 KN

m2) → 𝑀𝐶𝑃 = 3 ∗ 3,22 ∗ 1 ∗ 1,61 = 15,55 𝐾𝑁.𝑚 
 
Sobrecarga ��𝑆𝑐 = 4 KN

m2�� → 𝑀𝑆𝐶 = 4 ∗ 3,22 ∗ 1 ∗ 1,61 = 20,74 𝐾𝑁.𝑚 
 
Carga puntual (𝑄 = 600 KN) repartidos en una distancia de de 3,22 m.; 
 

𝑀𝑄 = 600 𝐾𝑁.𝑚 
 

La combinación de esfuerzos nos da el siguiente momento de cálculo; 
 

𝑀𝑑 = 1,35 ∗ (41,50 + 15,55) + 1,5 ∗ (20,74 + 600) = 1008,13 𝐾𝑁.𝑚 
 

8.6.2. Dimensionamiento a flexión; 
 

𝑈0 = 0,85 ∗ 𝑓𝑐𝑑 ∗ 𝑏 ∗ 𝑑 = 0,85 ∗ 30 ∗ 1000 ∗ 420 = 10710 
𝐾𝑁
𝑚. 𝑙

→ 𝑑 = 0,42 𝑚. 
 

𝑀𝐿𝑖𝑚. = 0,375 ∗ 𝑈0 ∗ 𝑑 = 0,375 ∗ 10710 ∗ 1000 ∗ 420 = 1687 
𝐾𝑁.𝑚
𝑚. 𝑙
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Se tiene que;  
 

𝑀𝑑 < 𝑀𝐿𝑖𝑚. → 𝑌𝐿𝑖𝑚. = �1 −�1 −
2𝑀𝑑

𝑈0𝑑
� ∗ 𝑑 = 0,1080 𝑚. 

 

𝑍 = 𝑑 −  
𝑌𝐿𝑖𝑚.

2
= 0,42−  

0,1080
2

= 0,366 𝑚.→ 𝑈𝑠1 =
𝑀𝑑

𝑍
=

1008,13
0,366

= 2754 
𝐾𝑁
𝑚. 𝑙

 

 

𝐴𝑠 =
2754 ∗ 1,15 ∗ 103

500 ∗ 102
= 63,34 

𝑐𝑚2

𝑚. 𝑙
 

 
Colocaremos ɸ25 cada 15 cm. (dobles); 

 

𝐴𝑠 = 63,83 
𝑐𝑚2

𝑚. 𝑙
 

 
8.6.3. Cortante en las alas;                                                                                            [9] 

 
𝑉𝑑 = 1,35 ∗ (28,15 + 9,66) + 1,5 ∗ (12,88 + 600) = 970,40 𝐾𝑁 

 
El ala tiene canto variable, luego hay una reducción de esfuerzo por la inclinación de la 

cabeza comprimida; 
 

 
𝑁𝑠𝑑 ∗ 𝑠𝑒𝑛𝛼𝑠 + 𝑁𝑐𝑑 ∗ 𝑠𝑒𝑛𝛼𝑐 + 𝑉𝑟𝑑 = 𝑉𝑑 → 𝑉𝑟𝑑 = 𝑉𝑑 − 𝑉𝑐𝑑  

 
Por otra parte; 
 

𝑀𝑑 = 𝑍 ∗ 𝑁𝑠𝑑 ∗ 𝑐𝑜𝑠𝛼𝑠 = 𝑍 ∗ 𝑁𝑐𝑑 ∗ 𝑐𝑜𝑠𝛼𝑐  
 

Luego; 
 

𝑉𝑐𝑑 =
𝑀𝑑

𝑍
(𝑡𝑎𝑛𝛼𝑠 + 𝑡𝑎𝑛𝛼𝑐) → 𝑠𝑒 𝑎𝑐𝑒𝑝𝑡𝑎 𝑞𝑢𝑒 

𝑡𝑎𝑛𝛼𝑠
𝑍

≅
𝑡𝑎𝑛𝛼
𝑑

 

 
Se tendrá; 
 

𝑉𝑐𝑑 =
𝑀𝑑

𝑍
𝑡𝑎𝑛𝛼𝑠 +

𝑀𝑑

𝑑
𝑡𝑎𝑛𝛼 → 𝑒𝑛 𝑒𝑠𝑡𝑒 𝑐𝑎𝑠𝑜 𝛼𝑠 = 0 → 𝛼 ≅ 3,554° 

 

𝑉𝑐𝑑 =
𝑀𝑑

𝑑
𝑡𝑎𝑛𝛼 =

1008,13
0,42

∗ tan(3,554) = 149,09 𝐾𝑁 

 
𝑉𝑟𝑑 = 970,40 − 149,09 = 821,31 𝐾𝑁 

 
Si comprobamos los tirantes sin armadura de cortante tenemos; 
 

Vu2 = �0,12 ∗ ξ ∗ (100ρ1 ∗ fck)
1
3 − 0,15 ∗ σ´cd� ∗ 𝑏0 ∗ 𝑑 → 𝑑𝑜𝑛𝑑𝑒; 
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ξ = �1 + �200
d
� = �1 + �200

450
� = 1,67 

 

ρ1 =
As + AP

𝑏0𝑑
=

788,45
100 ∗ 45

= 0,17521 → σ´cd = 0 

 

Vu2 = 0,12 ∗ 1,67 ∗ (100 ∗ 0,17521 ∗ 45)
1
3 ∗ 1000 ∗ 450 = 831,45 𝐾𝑁 > 𝑉𝑟𝑑 

 
Por lo que no es necesario armadura de cortante en las alas. 
 

 
Figura 71. Detalle de peraltes en las alas.  

 
8.6.4. Rasante ala-alma;                                                                                                 [9] 

 
Simplificadamente (del lado de la seguridad) podemos evaluar el rasante ala-alma 

suponiendo que la losa superior en la sección de centro de luz está trabajando a su máxima 
capacidad.  

La diferencia de compresión en losa superior entre la sección de centro de luz y la sección 
de apoyo, se puede repartir uniformemente en la distancia entre ambas secciones. Resulta; 

 

Fd =
(0,25 + 0,45)

2
∗ 3,22 ∗ 0,85 ∗ 30 = 28,74 MN → Sd =

Fd
𝑎𝑟

=
28,74

25
= 1150 

KN
m

 

 
Se debe verificar; 
 

Sd ≤ Su1 = 0,5 ∗ f1cd ∗ ℎ0 = 0,5 ∗ 30 ∗ 250 = 3,75 
MN
m

→ 𝑂.𝐾! 
 

Sd ≤ Su2 = 𝐴𝛼 ∗ fyα → fyα = 400 𝑀𝑝𝑎.→ 𝑂.𝐾! 
 

𝐴𝛼 = 28,75 𝑐𝑚
2

𝑚
→A repartir entre armadura superior e inferior. 

 
Esta armadura es inferior a la calculada para la flexión transversal por lo que se dispondrá la 

calculada anteriormente. Colocaremos ɸ25 cada 15 cm.; 
 

𝐴𝑠 = 31,92 
𝑐𝑚2

𝑚. 𝑙
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8.6.5. Determinación armadura transversal en el tablero superior entre almas; 
 
Tomando nuevamente 1 m. de longitud de viga y suponiendo un esquema de viga 

biempotrada de 6,07 m. de luz; 
Peso propio; 
 

𝑃𝑃 = (25 
𝐾𝑁
𝑚3 ∗ 0,40 ∗ 1 ∗ 1) = 10 

𝐾𝑁
𝑚

 

 

𝑀− =  
𝑤𝑙2

12
=

10 ∗ 6,072

12
= −30,70 

𝐾𝑁.𝑚
𝑚. 𝑙

→ 𝑀+ =  
𝑤𝑙2

24
=

10 ∗ 6,072

24
= 15,35 

𝐾𝑁.𝑚
𝑚. 𝑙

 

 
Carga permanente; 

 

𝐶𝑃 = 3 
𝐾𝑁
𝑚2  

 

𝑀− =  
𝑤𝑙2

12
=

3 ∗ 6,072

12
= −9,21 

𝐾𝑁.𝑚
𝑚. 𝑙

→ 𝑀+ =  
𝑤𝑙2

24
=

3 ∗ 6,072

24
= 4,61 

𝐾𝑁.𝑚
𝑚. 𝑙

 

 
Sobrecarga de uso; 
 

𝑆𝐶 = 4 
𝐾𝑁
𝑚2  

 

𝑀− =  
𝑤𝑙2

12
=

4 ∗ 6,072

12
= −12,28 

𝐾𝑁.𝑚
𝑚. 𝑙

→ 𝑀+ =  
𝑤𝑙2

24
=

3 ∗ 6,072

24
= 6,14 

𝐾𝑁.𝑚
𝑚. 𝑙

 

 
Sobrecarga puntual; 
 

𝑄 = 600 𝐾𝑁 → 𝑀− =  −150 
𝐾𝑁.𝑚
𝑚. 𝑙

→ 𝑀+ =   150 
𝐾𝑁.𝑚
𝑚. 𝑙

 

 
La combinación de estos esfuerzos nos daría; 
 

𝑀𝑑
− = 1,35 ∗ (30,70 + 9,21) + 1,5 ∗ (12,28 + 150) = −297,30 

𝐾𝑁.𝑚
𝑚. 𝑙

 

 
𝑀𝑑

+ = 1,35 ∗ (15,35 + 4,61) + 1,5 ∗ (6,14 + 150) = 261,16 
𝐾𝑁.𝑚
𝑚. 𝑙

 

 
8.6.6. Dimensionamiento a flexión; 

 
𝑈0 = 0,85 ∗ 𝑓𝑐𝑑 ∗ 𝑏 ∗ 𝑑 = 0,85 ∗ 30 ∗ 1000 ∗ 375 = 9562,50 

𝐾𝑁
𝑚. 𝑙 → 𝑑 = 0,375 𝑚. 

 

𝑀𝐿𝑖𝑚. = 0,375 ∗ 𝑈0 ∗ 𝑑 = 0,375 ∗ 9562,50 ∗ 1000 ∗ 375 = 1344,43 
𝐾𝑁.𝑚
𝑚. 𝑙  

 
Se tiene que;  

𝑀𝑑 < 𝑀𝐿𝑖𝑚. → 𝑌𝐿𝑖𝑚. = �1 −�1 −
2𝑀𝑑

−

𝑈0𝑑
� ∗ 𝑑 = 0,0325 𝑚. 

 

𝑍 = 𝑑 −  
𝑌𝐿𝑖𝑚.

2 = 0,375−  
0,0325

2 = 0,3588 𝑚.→ 𝑈𝑠1 =
𝑀𝑑

−

𝑍 =
297,30
0,3588 = 829 

𝐾𝑁
𝑚. 𝑙 
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𝐴𝑠 =
829 ∗ 1,15 ∗ 10

500 = 19,06 
𝑐𝑚2

𝑚. 𝑙  

 
Colocaremos ɸ25 cada 25 cm.;  

 
𝐴𝑠 = 19,64 

𝑐𝑚2

𝑚. 𝑙  

 
Para (𝑀𝑑

+); 
 

𝑌𝐿𝑖𝑚. = �1 −�1 −
2𝑀𝑑

+

𝑈0𝑑
� ∗ 𝑑 = 0,0284 𝑚.→ 𝑍 = 𝑑 −  

𝑌𝐿𝑖𝑚.

2 = 0,3608 𝑚. 

 

𝑈𝑠1 =
𝑀𝑑

+

𝑍 = 724 
𝐾𝑁
𝑚. 𝑙 → 𝐴𝑠 = 16,65 

𝑐𝑚2

𝑚. 𝑙  

 
Colocaremos ɸ20 cada 16 cm.; 

 
𝐴𝑠 = 18,84 

𝑐𝑚2

𝑚. 𝑙  

 
Dispondremos superiormente corrida la armadura determinada para el ala (ɸ25 cada 16 

cm), una barra de las dobles. En la parte inferior colocaremos ɸ20 cada 16 cm. 
 

 
Figura 72. Esquema de armaduras. 

 
8.7. Dimensionamiento a torsión;                                                                                      [9] 

 
Según el artículo 45.2.1 E.H.E, el espesor eficaz (he) de la pared de la sección de cálculo es; 
 

𝐴 = 5,54 ∗ 3,4 = 18,82 𝑚2 → 𝑢 = 2(5,54 + 3,4) = 17,88 𝑚.→ ℎ𝑒 ≤
𝐴
𝑢

=
18,82
17,88

= 1,05 𝑚. 

 
ℎ0 = 0,40 𝑚. 

 
Como ℎ𝑒 > ℎ0; el valor real del espesor mínimo de la pared que se adopta ℎ𝑒 = ℎ0 = 0,4𝑚 
Según el artículo 45.2 E.H.E; 
 

𝑇𝑢1 = 𝛼 ∗ 𝑓1𝑐𝑑 ∗ 𝐴𝑒 ∗ ℎ𝑒 ∗  
𝑐𝑜𝑡𝜃

1 + 𝑐𝑜𝑡2𝜃
→ 𝑓1𝑐𝑑 = 0,6 ∗ 𝑓𝑐𝑑 = 0,6 ∗

45
1,5

= 18 
𝑁

𝑚𝑚2 
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𝛼 = 1,5 → 𝐴𝑟𝑚𝑎𝑑𝑢𝑟𝑎 𝑒𝑛 𝑙𝑎𝑠 𝑑𝑜𝑠 𝑐𝑎𝑟𝑎𝑠, 𝑒𝑥𝑡𝑒𝑟𝑖𝑜𝑟 𝑒 𝑖𝑛𝑡𝑒𝑟𝑖𝑜𝑟 𝑑𝑒 𝑙𝑎𝑠 𝑝𝑎𝑟𝑒𝑑𝑒𝑠. 
𝜃; es el ángulo entre las bielas de compresión del hormigón y el eje de la pieza. Se adoptará 

el valor que cumpliese; 
 

0,4 ≤ 𝑐𝑜𝑡𝜃 ≤ 2,5 →  𝑐𝑜𝑡𝜃 = �1 −
𝜎𝑥𝑑
𝑓𝑐𝑡𝑚

→ 𝑓𝑐𝑡𝑚 = 0,3 ∗ (452)
1
3 = 3,8 

𝑁
𝑚𝑚2 

 

𝜎𝑥𝑑 = −
𝑃𝑘∞
𝐴𝑐

= −
7675,74 𝐾𝑁

9,94 𝑚2 ∗
103

1𝐾
∗

1𝑚2

10002𝑚𝑚2 = −0,77 
𝑁

𝑚𝑚2 

 

𝑐𝑜𝑡𝜃 = �1 +
0,77
3,8

= 1,097 → ℎ𝑒 = 0,40 𝑚.→ 𝐴𝑒 = 5 ∗ 3 = 15 𝑚2 

 

𝑇𝑢1 = 1,5 ∗ 18 ∗ 15 ∗ 106 ∗ 400 ∗  
1,097

1 + 1,0972
= 80654,11 𝐾𝑁.𝑚 

 
8.7.1. Esfuerzos de cálculo; en este caso solo provocan esfuerzos de torsión las 

cargas que pueden ser excéntricas respecto del plano medio de la sección; 
sobrecarga repartida y carga puntual. El coeficiente de seguridad que se 
considera es 𝛾𝑄 = 1,5. 

 

 
Figura 73. Torsión en estribos y pilas. [7] 

 

𝑇𝑆𝐶 = 25 
𝐾𝑁
𝑚

∗ 6,25 𝑚 ∗ 0,90 𝑚 = 140,63 𝐾𝑁.𝑚 → 𝑇𝑄 = 600 𝐾𝑁 ∗ 0,90 𝑚 = 540 𝐾𝑁.𝑚 

 
𝑇𝑑 = 1,5(140,63 + 540) = 1020,95 𝐾𝑁.𝑚 << 𝑇𝑢1, 𝑝𝑜𝑟 𝑙𝑜 𝑞𝑢𝑒 𝑛𝑜 𝑎𝑔𝑜𝑡𝑎 𝑙𝑎 𝑠𝑒𝑐𝑐𝑖ó𝑛. 

 
8.7.2. Dimensionamiento de las armaduras transversales; 

 
ℎ𝑒 = 0,40 𝑚.→ 𝐴𝑒 = 5 ∗ 3 = 15 𝑚2 → 𝑢𝑒 = 17,88 𝑚. 
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El dimensionamiento se lleva a cabo imponiendo que el esfuerzo de agotamiento por 
tracción de la armadura transversal sea igual al esfuerzo torsor de cálculo; 

 
𝑇𝑑 = 𝑇𝑢2 =

2 ∗ 𝐴𝑒 ∗ 𝐴𝑡
𝑆𝑡

∗ 𝑓𝑦𝑡,𝑑 ∗ 𝑐𝑜𝑡𝜃 

 
𝐴𝑡
𝑆𝑡

=
𝑇𝑑

2 ∗ 𝐴𝑒 ∗ 𝑓𝑦𝑡,𝑑 ∗ 𝑐𝑜𝑡𝜃
=

1020,95
2 ∗ 15000000 ∗ 400 ∗ 𝑐𝑜𝑡𝜃 = 0,78 

𝑐𝑚2

𝑚. 𝑙  

 
Colocaremos ɸ8 a 50 cm.; 

𝐴𝑠 = 1
𝑐𝑚2

𝑚. 𝑙  

 

 
Figura 74. Armadura transversal por torsión. [7] 

 
8.7.3. Dimensionamiento de la armadura longitudinal;                                           [9] 

 
𝑇𝑑 = 𝑇𝑢3 =

2 ∗ 𝐴𝑒 ∗ 𝐴1
𝑢𝑒

∗ 𝑓𝑦1,𝑑 ∗ 𝑡𝑎𝑛𝜃 

 

𝐴1 =
𝑇𝑑 ∗ 𝑢𝑒 ∗ 𝑐𝑜𝑡𝜃
2 ∗ 𝐴𝑒 ∗ 𝑓𝑦1,𝑑

=
1020,95 ∗ 17880 ∗ 1,097

2 ∗ 15000000 ∗ 400 = 16,69 
𝑐𝑚2

𝑚. 𝑙  

 
Esta armadura ya está cubierta por la armadura de piel puesta anteriormente; ɸ20 a 25 cm. 
 
8.8. Interacción cortante-torsión;                                                                                     [9] 

 
Se considera que no produce agotamiento por interacción cortante-torsión en las bielas 

comprimidas si se satisface; 
 

��
𝑇𝑑
𝑇𝑢1

��𝛽 + ��
𝑉𝑟𝑑
𝑉𝑢1

��𝛽 ≤ 1 → 𝛽 = 2 ∗ ��1 −
ℎ𝑒
𝑏
�� = 2 ∗ ��1 −

400
5000

�� = 1,84 

  
𝑇𝑑 ,𝑉𝑟𝑑; son respectivamente los esfuerzos torsor y cortante efectivo de cálculo que actúan 

de forma concomitante. En los apoyos (x=87,5 m. ó x=287,5 m.) la situación pésima se produce 
con la siguiente combinación de acciones; 

 

 
Figura 75. Acciones por torsión. [7] 
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Que provoca los siguientes valores de cálculo; 
 

𝑃𝑃 = 25 
𝐾𝑁
𝑚3 ∗ 9,94 𝑚2 = 248,5 

𝐾𝑁
𝑚

→ 𝐶𝑃 = 3 
𝐾𝑁
𝑚2 ∗ 12,5 𝑚 = 37,5 

𝐾𝑁
𝑚

 

 

𝑆𝐶 = 4 
𝐾𝑁
𝑚2 ∗ 6,25 𝑚 = 25

𝐾𝑁
𝑚

  

 

𝑇𝑃𝑃+𝐶𝑃 = 143
𝐾𝑁
𝑚

∗ 6,25 ∗ 0,90 = 804,38𝐾𝑁.𝑚 → 𝑇𝑆𝐶 = 140,63𝐾𝑁.𝑚 → 𝑇𝑄 = 540𝐾𝑁.𝑚 

 
𝑇𝑑 = 1,5(804,38 + 140,63 + 540) = 2227,51𝐾𝑁.𝑚 → 𝑉𝑟𝑑 = 12055,23 𝐾𝑁 

 

��
2227,51

80654,11
��1,84 + ��

12055,23
13770

��1,84 = 0,78 ≤ 1 

 
No se produce agotamiento por compresión oblicua del hormigón bajo solicitaciones 

tangentes, verificándose por tanto el estado límite último. 
 
9. DISEÑO DEL DIAFRAGMA. 

Estos elementos se apoyarán en los estribos y en las pilas. La dimensionaremos como una 
viga de gran canto, aunque la E.H.E defina viga de gran canto a los elementos de sección 
generalmente uniformes ó constantes (Regiones D. Método de bielas y tirantes); 

 

 
                                         Figura 76. Diafragma en los apoyos.                                           [10] 

 
9.1. Cargas; 

 

𝑃𝑃 = 25 
𝐾𝑁
𝑚3 ∗ 21,29 𝑚2 = 532,25 

𝐾𝑁
𝑚

→ 𝐶𝑃 = 3 
𝐾𝑁
𝑚2 ∗ 12,5 𝑚 = 37,5 

𝐾𝑁
𝑚

 

 

𝑆𝐶 = 4 
𝐾𝑁
𝑚2 ∗ 12,5 𝑚 = 50

𝐾𝑁
𝑚

→ 𝑄 =
600 𝐾𝑁
12,5 𝑚

= 48
𝐾𝑁
𝑚

 

 

𝑃𝑑 = 1,5(667,75) = 1001,63 
𝐾𝑁
𝑚. 𝑙
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9.2. Anchura mínima;                                                                                                         [10] 
 
Esta viene condicionada por el agotamiento en compresión de los nudos y bielas; 

 

𝜎𝑐,𝑚á𝑥. =
𝑅𝑑

𝑎0 ∗ 𝑏0
→ 𝑅𝑑 = 0,5 ∗ 𝑃𝑑 ∗ 𝐿 = 0,5 ∗ 1001,63 ∗ 4,20 = 2103,41 𝐾𝑁 

 

𝜎𝑐,𝑚á𝑥. =
2103,41
0,8 ∗ 𝑏0

→
𝑅𝑑

𝑎0 ∗ 𝑏0
≤ 𝑓1𝑐𝑑 = 0,70𝑓𝑐𝑑 = 0,7 ∗ 30 = 21000 

𝐾𝑁
𝑚2  

 

𝑏𝑖 ≥
2103,41

0,8 ∗ 21000
= 125 𝑚𝑚. 

 
Imponiendo que la esbeltez geométrica, entendida como el cociente entre la longitud de 

pandeo y el ancho de la viga, sea menor que 12, se obtiene el ancho de la viga que evita la 
comprobación del pandeo fuera del plano de la viga (𝑏 > 𝑙0

12
) ; 

 
Donde 𝑙0 es la longitud de pandeo. Al tratarse de un modelo formado por barras 

articuladas, este valor coincide con la longitud de la biela, que en este caso alcanza su máximo 
en 3280 mm.; 

𝑏 >
3280

12
= 273 𝑚𝑚 → 𝑇𝑜𝑚𝑎𝑟𝑒𝑚𝑜𝑠 𝑏 = 0,30 𝑚. 

 
9.3. Armadura;  

 
𝑈𝑠 = 0,20 ∗ 𝑃𝑑 ∗ 𝐿 = 0,20 ∗ 1001,63 ∗ 4,20 = 841 𝐾𝑁 

 

𝐴𝑠 ∗ 𝑓𝑦𝑑 = 𝑇 = 841 → 𝐴𝑠 =
841000 ∗ 1,15

400
= 24,17 

𝑐𝑚2

𝑚. 𝑙
 

 
Colocaremos 8ɸ 20 ��𝐴𝑠 = 25,12 𝑐𝑚

2

𝑚.𝑙
�� 

 

 
Figura 77. Diafragma en los apoyos, separación entre barras. [8] 

 
Se ha de disponer de una armadura mínima de 0,01 % de cuantía en cada dirección y cada 

cara del elemento (armadura secundaria); 
 

                                                  𝐴𝑠𝑒𝑐. = 0,001 ∗ 300 ∗ 1000 = 3 
𝑐𝑚2

𝑚. 𝑙
                                    [10] 

 

Colocaremos ɸ 10 a 25 cm. ��𝐴𝑠 = 3,16 𝑐𝑚
2

𝑚.𝑙
�� 
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En las zonas de apoyo de acuerdo al artículo 61 de la E.H.E, cargas concentradas sobre 
macizos, si no se dispone de armadura de confinamiento la fuerza máxima de compresión será 
el menor de los siguientes valores; 
 

𝑁𝑢 = 𝐴𝑐1 ∗ 𝑓2𝑐𝑑 = 𝐴𝑐1 ∗ 0,7 ∗ 𝑓𝑐𝑑 = 800 ∗ 300 ∗ 0,7 ∗ 30 = 5040 𝐾𝑁 
 

𝑁𝑢 = 𝐴𝑐1 ∗ 𝑓1𝑐𝑑 = 𝐴𝑐1 ∗ 0,85 ∗ ��1 −
𝑓𝑐𝑘
250

�� ∗ 𝑓𝑐𝑑 = 800 ∗ 300 ∗ 0,85 ∗ ��1 −
45

250
�� ∗ 30 = 5018,41 𝐾𝑁 

 
𝑁𝑢 es superior en cualquier caso a la reacción máxima en apoyos (1001,63 KN). Por lo tanto 

no es necesario reforzar esta zona de apoyos. 

 
Figura 78. Diafragma en los apoyos, armadura de piel, abertura de paso.  

 
10. PREDIMENSIONAMIENTO DE LAS PILAS. 

 

 
                                                   Figura 79. Acciones a considerar.                                      [11] 
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                                                      Figura 80. Altura de la pila.                                        [11] 

 
10.1. Criterios de diseño; 

 
𝑒 = 1,20 𝑚.→ (𝐴𝑠𝑢𝑚𝑖𝑑𝑜) → 𝑏 = 5,00 𝑚. (𝐴𝑠𝑢𝑚𝑖𝑑𝑜 = 𝑎𝑛𝑐ℎ𝑜 𝑖𝑛𝑓𝑒𝑟𝑖𝑜𝑟 𝑑𝑒 𝑙𝑎 𝑣𝑖𝑔𝑎) 

 

𝐴 = 𝑏 ∗ 𝑒 ≥
𝑁𝑚á𝑥.

𝜎𝑎𝑑𝑚.
→ 𝐴 = 1,20 ∗ 5,00 = 6 𝑚2 → 𝑁𝑚á𝑥. = 17924,64 𝐾𝑁 

 
Hormigón (HA-30); 
 

𝑓𝑐𝑑. =
30
1,5

= 20 
𝑁

𝑚𝑚2 →
17924,64
0,7 ∗ 20

= 1,28 𝑚2 << 𝐴 → 𝑂.𝐾! 

 
10.2. Reacciones de apoyo. Esfuerzos; 

 
• Fuerzas verticales debidas a todas las cargas. 
• Fuerzas horizontales; viento, tráfico (frenado, aceleración), resistencias  a la 

deformación, sismo. 
• Momentos flexores. 

 
10.3. Desplazamientos relativos de la pila; 

 

 
                                           Figura 81. Desplazamiento de la pila.                                    [11] 
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𝛿 = 𝛿𝑐 + 𝛿𝑃 + 𝛿𝑎.𝑝 
 
𝛿𝑐= desplazamiento debido al giro y traslación de la cimentación. 
𝛿𝑃= desplazamiento debido a la deformabilidad de la pila. 
𝛿𝑎.𝑝= desplazamiento debido a la deformabilidad del apoyo. 
 

10.3.1. Desplazamiento debido a la pila; 
 

𝛿𝑃 =
𝐹
𝐾𝑝

→ 𝑎𝑛á𝑙𝑖𝑠𝑖𝑠 𝑟𝑒𝑎𝑙𝑖𝑧𝑎𝑑𝑜 𝑒𝑛 𝑙𝑜𝑠 𝑎𝑝𝑎𝑟𝑎𝑡𝑜𝑠 𝑑𝑒 𝑎𝑝𝑜𝑦𝑜. 

 
Resumen (𝛿𝑃) en pilas; 
 

𝐹𝐹.𝑃𝑖𝑙𝑎𝑠 = 76,02 𝐾𝑁 → 𝛿𝑃 =
76,02

11259,08 = 0,00675 𝑚. = 6,75 𝑚𝑚 → ��
𝐿

1111,11�
� → 𝑂.𝐾! 

 
10.4. Inestabilidad de la pila (Pandeo); 

 
Consideramos la viga pared empotrada en su base y con el movimiento horizontal impedido 

en el extremo de unión con la viga (unión trabada). A este esquema estático le corresponde un 
𝛼 = 0,7; por lo tanto; 

 
𝑙0 = 𝛼 ∗ 𝑙 = 0,7 ∗ 7,5𝑚. = 5,25 𝑚. 

 

𝑖𝑐 = �𝐼
𝐴 = � 5 ∗ 1,203

12 ∗ 5 ∗ 1,2 = 0,346 𝑚.→ 𝜆 =
5,25 
0,346 = 15,17 (𝑒𝑠𝑏𝑒𝑙𝑡𝑒𝑧 𝑚𝑒𝑐á𝑛𝑖𝑐𝑎). 

 
La estructura es intraslacional ya que bajo solicitaciones de cálculo presenta 

desplazamientos transversales cuyos efectos pueden ser despreciados desde el punto de vista 
de la estabilidad  del conjunto. 

 
11. ANÁLISIS NO LINEAL DEL PUENTE EMPUJADO. 

11.1. Descripción del modelo numérico CONS. 
 
Antes que nada mencionar la enorme dificultad de simular el proceso de empuje con el 

programa CONS, (es decir en el momento de la construcción) y solo se ha considerado el 
puente construido simultáneamente para hacer el análisis no lineal diferido. Por otra parte, la 
duración del empuje no es muy grande, y los efectos diferidos son limitados. Por último, la 
retracción apenas producirá  curvaturas, ya que toda la sección esta comprimida 
uniformemente.  

 
El modelo numérico CONS desarrollado por Marí [12] está basado en una idealización de las 

estructuras mediante elementos lineales tipo barra con 6 grados de libertad por nodo, 
discretizando la sección transversal en filamentos. Permite considerar el comportamiento no 
lineal de los materiales y la geometría, así como el comportamiento diferido y el proceso 
evolutivo de construcción. Asume que la hipótesis de planeidad de las secciones y no considera 
las deformaciones producidas por cortante.  La no linealidad de los materiales por fisuración y 
plastificación, así como los efectos estructurales producidos por las deformaciones diferidas, 
son considerados en el análisis estructural. 
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La deformación total en cualquier punto de la estructura ε(t) es suma de las deformaciones 
de tipo mecánico y no mecánico: 

Las tensiones de tipo mecánico son las directamente producidas por cargas aplicadas, 
mientras que en las deformaciones de tipo no mecánico se engloban las producidas por las 
deformaciones diferidas de retracción εsh(t) y fluencia εcr(t) así como las deformaciones 
térmicas εT(t) y las aging strain εa(t). 

 
El diagrama de tensión-deformación del hormigón considerado es el que se muestra en la 

siguiente figura; 

 
Figura 82. Diagrama tensión-deformación del hormigón adoptado en el CONS.  

 
El diagrama tensión-deformación para la rama negativa (tracciones en hormigón) se 

modifica para considerar la tensión stiffening.  
 

La evolución de las propiedades mecánicas del hormigón con el tiempo, envejecimiento, se 
considera siguiendo lo establecido por el MC-90. 

 
Para el acero de armar, se considera una relación de tensión-deformación de tipo bilineal. 
 
Para el acero activo se utiliza una ecuación constitutiva a partir de un gráfico multilineal, 

asumiendo siempre que la descarga y la recarga ocurren con el módulo de deformación inicial. 
De manera habitual se adopta dos puntos para definir dicho diagrama: el asociado al límite 
elástico del acero activo y el correspondiente a fpu (tensión máxima en rotura). 

  
Para la determinación de la deformación de fluencia del hormigón,  el programa de acuerdo 

al principio de superposición de las acciones, debería resolver la integral de la expresión 3, 
integral de Volterra.  

Siendo   ),( ττ −tc  la función de fluencia  reducida, función de la edad de carga τ , y 

siendo  )(τσ  la tensión en el hormigón en el instante de evaluación. 
 

( ) ( ) ( )m nmt t tε ε ε= +    [12] 

( ) ( ) ( ) ( ) ( )a
nm

cr sh Tt t t t tε ε ε ε ε= + + +    [12] 

( )( ) ( , )
t

cr o
t c t dσ τε τ τ τ

τ
∂

= − ⋅
∂∫    [13] 
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En la resolución de un problema estructural general, no es posible conocer a “priori” la 
historia de tensiones (o deformaciones) en cada punto de la estructura, por lo que el análisis 
numérico debe realizarse discretizando el tiempo en intervalos ∆t, en los que se producen 
incrementos o decrementos de tensión. 

 
Cualquiera que sea la función de la integral de la ecuación 4, se puede transformar en una 

relación incremental utilizando fórmulas de cuadratura de diferentes niveles.  
 
La función de fluencia reducida es aproximada en CONS por una serie de Dirichlet:  

Siendo los valores m , iλ  and )(τia coeficientes que deben ser ajustados a partir de 

ensayos. Los coeficientes )(τia son parámetros de envejecimiento que dependen de la edad 
del hormigón en el instante de aplicación de la carga. Los parámetros son coeficientes que 
gobiernan la forma de la función mientras que los valores de m indican el número de términos 
de la serie. En éste trabajo se considera que usando tres términos de la serie (m=3) y λi = 10-i 
la precisión de la respuesta es suficiente. Los modelos de retracción y fluencia adoptados son 
los incluidos en el CEB-FIP Model Code de 1990 [13]. 

 
La utilización de series de Dirichlet  permite obtener los incrementos de deformación de 

fluencia en un instante de tiempo dado, a partir de los datos almacenados del instante 
anterior, no siendo necesario almacenar todo el historial de tensiones y deformaciones. A nivel 
numérico se traduce en una solución a los problemas de almacenaje de datos. 

  
El cálculo estructural se realiza mediante un análisis paso a paso en el tiempo.  El dominio 

temporal se divide en intervalos de tiempo y se realiza un proceso de avance paso a paso en el 
que los incrementos de desplazamientos y deformaciones se van acumulando sobre los 
obtenidos en escalones anteriores. En cada escalón de tiempo se actualizan las propiedades de 
los materiales, la matriz de rigidez y el vector de cargas, a la vez que se evalúan los 
incrementos de deformaciones diferidas que han tenido lugar durante el más reciente 
intervalo de tiempo. 

 
Métodos iterativos como Newton-Raphson o  Newton-Raphson Modificado o control de 

desplazamientos, combinado con análisis de tipo incremental son las herramientas 
implementadas para abordar la solución del problema no-lineal. 

 
El modelo permite obtener desplazamientos en nodos, fuerzas internas en elementos, 

tensiones y deformaciones en cada filamento en que se descompone la sección, reacciones 
etc. El análisis exclusivamente seccional se realiza mediante un elemento ménsula de longitud 
unidad sometido a flexión en su extremo libre. El modelo descrito ha sido comprobado 
experimentalmente por Marí y Valdés [14], y ha servido como herramienta de cálculo en el 
análisis de puentes y pilas esbeltas por Marí [15] y [16] y Chacón et. al [17]. 

 
Para poder reproducir el comportamiento de sección fisurada aislada el programa CONS ha 

sido modificado para no considerar la resistencia a tracción del hormigón así como el 
fenómeno de tension stiffening. El programa modificado ha sido la herramienta utilizada en el 
estudio paramétrico de tipo seccional que se describe a modo de conclusiones en el capítulo 
3.1. 

[ ])t(
m

1i
i

ie1)(a)t,(c τ−λ−

=

−τ=τ−τ ∑    [13] 
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En el programa CONS el pretensado se introduce como una acción o sistema de cargas 
obtenido por equilibrio del cable. Independientemente del trazado del cable el programa 
discretiza en segmentos rectilíneos que cubren un solo elemento y concentran la interacción 
en los puntos de quiebro. El modelo permite la aplicación de la fuerza de pretensado desde un 
extremo o desde los dos, considerando las pérdidas instantáneas de fuerza, pero admitiendo 
que la misma es constante en la longitud de un segmento. 

 

 
Figura 83.  Elemento pretensado de CONS. 

 
11.2. Análisis no lineal del puente; 

 
 Se ha realizado un estudio mediante análisis no lineal del puente empujado. Con este 

análisis se pretende estudiar el comportamiento diferido y en rotura de la estructura, sin 
abordar el proceso de empuje. 

 
La razón por la que el estudio no lineal se ha independizado del sistema constructivo, se 

basa en el hecho de que durante este proceso el puente se encuentra en rango elástico debido 
al fuerte pretensado constructivo dispuesto, siendo las curvaturas pequeñas.  

 
Sin embargo el comportamiento de esta tipología de puentes para estados avanzados de 

carga es interesante por dos motivos: 
 

• Determinación de la carga última real de la estructura por la capacidad de 
redistribución que éstos pueden presentan. En esta tipología de puentes, 
tanto la sección como el pretensado constructivo están muy condicionados 
por el proceso de empuje ya que todas las secciones se encuentran solicitadas 
a máximos momentos positivos y máximos negativos. El pretensado 
constructivo se dispone centrado, garantizando una fuerte compresión en la 
estructura para evitar fisuración durante el empuje. El pretensado parabólico 
de servicio está también condicionado por los momentos negativos y la 
excentricidad del cable en apoyo (menor que la excentricidad del cable en 
centro de luz). Esto hace que en función de la  ductilidad de las secciones 
exista capacidad de redistribución en función de la combinación de cargas que 
produzca la rotura. 

•  Comportamiento de la estructura a nivel sección para evaluar su 
comportamiento tras fisurar y su grado de ductilidad. Las sección presenta una 
cuantía de pretensado muy elevada dispuesta de manera centrada, siendo su 
momento de fisuración muy alto. Consideremos una viga continua de 8 vanos 
tal y como lo muestra al figura 84, sección transversal de hormigón estructural 
constante según la figura 86. Todas las secciones de hormigón, armadura 
activa y pasiva se modelarán por filamentos equivalentes como se muestran 
en las figuras 88 y 89. El recubrimiento es de 0.05m. Las cargas se dispondrán 
según el modelo a analizar en construcción ó en servicio.  
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Para la fase en servicio la viga longitudinalmente se discretizará en 150 barras de 2.5m. de 
longitud y 6 grados de libertad por nodo. La sección transversal tendrá 116 filamentos 
distribuidos de la siguiente manera; 2 divisiones a lo largo del eje (y), 6 divisiones para la losa 
superior, 8 divisiones para las almas y la losa inferior a lo largo del eje (z), como se muestra en 
la figura 87. 

 
En esta fase se observarán los cambios a medida que se introducen las cargas permanentes, 

sobrecargas de uso y la carga de rotura para verificar ó encontrar posibles cambios producidos 
en cualquier etapa. Hemos visto que la situación más desfavorable en servicio la 
encontraremos cuando (PP+CP+SC)+Q están dispuestas de la siguiente manera;  

 

 
Figura 84. Viga continua, máximos negativos.  

 

 
Figura 85. Viga continua, máximos positivos.  

 

 
Figura 86. Sección transversal. [9] 

 
 

 
Figura 87. Discretización en filamentos. [9] 



PROYECTO DE UN PUENTE EMPUJADO Y ESTUDIO MEDIANTE ANÁLISIS NO LINEAL DEL COMPORTAMIENTO 
DIFERIDO Y EN ESTADO LÍMITE ÚLTIMO. 

 

74 
 

 
Figura 88. Discretización armadura pasiva. [9] 

 

 
Figura 89. Discretización armadura activa. [9] 

 
A partir del programa CONS se han realizado los siguientes estudios; 
 

• Obtención de los diagramas momento curvatura de las secciones de positivos y 
negativos.  

• Estudio hasta rotura de la estructura bajo la configuración de cargas que produce 
máximos momentos negativos.  

• Estudio hasta rotura de la estructura bajo la configuración de cargas que produce 
máximos momentos positivos. 

 
11.3. Diagramas momento curvatura. 

 
Mediante el programa CONS se obtenido los diagramas momento curvatura de la sección 

de positivos y negativos. Para la elaboración de estos diagramas se han utilizado las ecuaciones 
constitutivas de los materiales afectadas por los correspondientes coeficientes de minoración. 
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En la sección de negativos el momento para el que aparece la primera fisura es de 17400 
T·m. El acero pasivo plastifica para un momento de 23180T·m mientras que el acero activo lo 
hace para un valor de 27152 T·m. La sección rompe para un momento de 27700 T·m. 

 
Se observa cómo el valor de fisuración es muy elevado debido al fuerte pretensado. La 

armadura pasiva dispuesta; 
 

 As.mín. = 0,0028 ∗ 𝐴𝑐 → As`.mín. =
30
10

∗ 0,0028 ∗ 𝐴𝑐 → 𝐴𝑐 = 9,94 𝑚2 

 

As.mín. = 0,0028 ∗ 9,94 = 278,32 𝑐𝑚2 → As`.mín. =
30
10

∗ 0,0028 ∗ 9,94 = 83,49 𝑐𝑚2 

 
Se  colocarán barras de 20 mm. de diámetro alrededor de toda la sección, separadas cada 

25 cm. una de otra, tanto en el perímetro exterior como en el interior. 
 
 Esta armadura plastifica rápidamente ya que el incremento de tensión producido al 

liberarse las tracciones del hormigón es muy elevado. 
 

 
 
En la sección de positivos el momento de fisuración es menor como era de esperar. La 

primera fisura se produce para un momento de 12560 T·m. La armadura pasiva plastifica para 
un momento de 16600 T·m. El momento para el que se produce la plastificación de la 
armadura activa es de 17600 T·M.  La sección rompe para un momento de 19500 T·m. 

 
Se observa cómo el momento último de la sección es mayor en la sección de negativos que 

en la de positivos ya que en la de negativos el acero de armadura activa dispuesta es mayor. 
 
Ambos comportamientos son dúctiles. 
 
Estudio 1: Estudio hasta rotura de la estructura bajo la configuración de cargas que produce 

máximos momentos negativos. 
 
Las etapas de cálculo en este estudio son; 
 

ETAPA Situación de carga Edad inicio etapa 
1 Peso propio puente y pretensado de construcción 105 días 
2 Paso del tiempo de 30 días (retracción mas fluencia) 105 días 
3 Activación del pretensado de servicio 135 días 
4 Paso del tiempo de 30 días (retracción mas fluencia) 135 días 
5 Activación de las cargas muertas (37.5 kN/ml) 165 días 
6 Paso del tiempo de 30 días (retracción mas fluencia) 165 días 
7 Incremento de la carga permanente en un 0.35 195 días 
8 Disposición de sobrecarga e incremento hasta rotura 195 días 
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La carga máxima mayorada asociada a la combinación de cargas que produce máximo 

momento negativo es de 151620 kN (15162 T).  
 
Del análisis no lineal se obtiene una carga máxima de 290700 KN, es decir casi el doble de 

carga. Los momentos últimos de las secciones críticas asociados a este nivel de carga son de 
27100 T·m y de 18228 T·m. 

 
Al comparar estos momentos obtenidos de un análisis no lineal con los obtenidos en un 

análisis lineal y elástico se observa que para momentos positivos existe un remanente del 
orden del 29% y para momentos negativos existe un remanente del orden del 32% como era 
de esperarse. 
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Estudio 2: Estudio hasta rotura de la estructura bajo la configuración de cargas produce 
máximos momentos positivos. 

 
Las etapas de cálculo en este estudio son; 
 

ETAPA Situación de carga Edad inicio etapa 
1 Peso propio puente y pretensado de construcción 105 días 
2 Paso del tiempo de 30 días (retracción mas fluencia) 105 días 
3 Activación del pretensado de servicio 135 días 
4 Paso del tiempo de 30 días (retracción mas fluencia) 135 días 
5 Activación de las cargas muertas (37.5 kN/ml) 165 días 
6 Paso del tiempo de 30 días (retracción mas fluencia) 165 días 
7 Incremento de la carga permanente en un 0.35 195 días 
8 Disposición de sobrecarga e incremento hasta rotura 195 días 
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Figura 90. Leyes de momentos bajo cargas permanentes y bajo cargas de cálculo en la 

hipótesis de máximos momentos positivos. 
 

 
Figura 91. Curva factor de sobrecarga-desplazamiento a corto plazo, hipótesis de máximo 

momento positivo. 
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Figura 92. Curva factor de sobrecarga a los 10000 días-desplazamiento. Hipótesis de 

máximo momento positivo. 
 

 
Figura 93. Curva Factor de sobrecarga-desplazamiento a corto plazo, hipótesis de máximo 

momento negativo. 
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Figura 94. Evolución de las tensiones en los tendones de pretensado con el tiempo. 

 

 
Figura 95. Tensiones en las armaduras pasivas superior e inferior. 

 

 
Figura 96. Tensiones en el hormigón, en la fibra superior del vano central. 

0 2000 4000 6000 8000 10000
Tiempo (días)

1100

1200

1300

1400

Te
ns

ió
n 

en
 e

l p
re

te
ns

ad
o 

su
pe

rio
r (

N/
m

m
2) Evolucion de las tensiones 

del pretensado con el tiempo

Tendones de construcción

Tendones de servicio

0 2000 4000 6000 8000 10000
Tiempo (días)

-160

-140

-120

-100

-80

-60

Te
ns

ió
n 

  (
N/

m
m

2)

Evolucion de las tensiones en las  
armaduras pasivas con el tiempo

Armadura superior vano central

Armadura inferior vano central

0 2000 4000 6000 8000 10000
Tiempo (días)

-7.00

-6.00

-5.00

Te
ns

ió
n 

 (N
/m

m
2)

Evolucion de las tensiones en el  
hormigón comprimido  con el tiempo

Fibra superior vano central



PROYECTO DE UN PUENTE EMPUJADO Y ESTUDIO MEDIANTE ANÁLISIS NO LINEAL DEL COMPORTAMIENTO 
DIFERIDO Y EN ESTADO LÍMITE ÚLTIMO. 

 

81 
 

12. CONCLUSIONES. 

En esta tesina se ha realizado un estudio sobre puentes empujados, con dos partes 
claramente diferenciadas., una orientada proyectar el puente con todo detalle y otra orientada 
analizar su comportamiento no lineal y diferido. 

En la primera parte se ha proyectado completamente un puente empujado de 8 vanos, los 
6 vanos centrales de 50 m y los extremos de 37,5 m;  se ha diseñado el pretensado necesario 
para la construcción, a partir de los esfuerzos obtenidos de la consideración de todas las fases 
constructivas. El diseño ha incluido el predimensionamiento de la sección transversal, la 
decisión sobre la longitud del tramo  en cada fase de empuje y de la nariz, los aparatos de 
apoyo sobre las pilas y  el dimensionado de estas y de la cimentación, entre otros muchos 
detalles constructivos. 

En la segunda parte, partiendo de los datos del puente proyectado, se ha realizado un 
análisis no lineal, instantáneo y diferido, para conocer la influencia del paso del tiempo en los 
estados tensionales y en la capacidad última de la estructura. Se ha considerando así mismo el 
comportamiento no lineal de los materiales y su influencia en las distribuciones de esfuerzos y 
otros aspectos, conforme se va aumentando la carga hasta la rotura de la estructura. 

 
Las conclusiones más importantes del trabajo son las siguientes; 
 
En cuanto a la fase de diseño del puente; 
 

• El proceso constructivo por empuje da lugar a que todas las secciones del puente 
pasen alternativamente por esfuerzos de ambos signos, lo que requiere un 
pretensado centrado para contrarrestar las tracciones en las fibras superiores e 
inferiores de todas las secciones. 

• Igualmente, el proceso constructivo es determinante en el canto, área e inercia de 
la sección del puente, pues da lugar a solicitaciones más desfavorables durante la 
construcción que las de servicio. Ello hace que el canto del puente daba ser mayor 
que con otros tipos de construcción. En este caso el canto, de 3,40m., resulta ser   
aproximadamente L/15, muy superior al canto típico de un puente continuo de 
sección cajón construido vano a vano que podría ser alrededor de L/20 ó L/25. 

•  El fuerte pretensado necesario y las dimensiones de la sección transversal hacen 
que no sea necesaria armadura de cortante, habiendo dispuesto la mínima. 

• La longitud de la nariz de empuje diseñada ha sido de 30,00m., valor al que se ha 
llegado tras un estudio que ha permitido equilibrar la reducción de esfuerzos (y de 
coste) en el tablero de hormigón con el coste de la nariz.   

• Los aparatos de apoyo son del tipo neopreno zunchado con las siguientes 
características; 2𝑁𝑍  800 ∗ 800 ∗ 16(20 + 4). 

• La fuerza de empuje analizada es la correspondiente a la fuerza de frenado y su 
efecto directo sobre las pilas al imprimir en ellas desplazamientos relativos 
estudiados en detalle en el apartado correspondiente a los aparatos de apoyo y 
predimensionamiento de la pila.  

 
En cuanto al análisis y comportamiento no lineal del puente; 
 

• Debido a la enorme dificultad de simular el proceso de empuje con el programa 
CONS, se ha considerado el puente construido simultáneamente para hacer el 
análisis no lineal diferido. Ello se justifica en base a  la siguiente consideración 
teórica: Cada sección del puente se ve sometida a variaciones continuas de 
esfuerzos  durante el empuje, cambiando de signo a lo largo del mismo. Ello hace 
que la fluencia  debida a  las tensiones de un  signo se compense parcialmente con 
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la debida a tensiones del signo opuesto. Por otra parte, la duración del empuje no 
es muy grande, con lo que los efectos diferidos son limitados. Por último, la 
retracción apenas producirá  curvaturas, ya que toda la sección esta comprimida 
uniformemente.  

• Los diagramas Momento-curvatura ponen de manifiesto que la sección fisura para 
momentos próximos a la plastificación de las armaduras (del orden del 75% o más), 
lo cual es debido a la gran cantidad de fuerza de pretensado requerida para la fase 
constructiva.  

• Igualmente, el diagrama Momento-Curvatura pone de manifiesto que al fisurar la 
sección se produce una reducción muy importante de la rigidez, lo que ha debido 
ser tratado con especial cuidado para evitar problemas numéricos de divergencia. 
Para ello en el proceso de análisis no lineal se ha utilizado una estrategia de control 
de desplazamiento y también una reducción de los esfuerzos desequilibrados a 
introducir en cada iteración.  

• Mediante un dimensionamiento adecuado y el uso de materiales apropiados es 
posible conseguir estructuras de hormigón armado y pretensado suficientemente 
dúctiles y capaces de redistribuir las leyes de esfuerzos durante el comportamiento 
no-lineal antes de la rotura.  

• Se observa que el puente tiene una seguridad a rotura, bajo sobrecarga, enorme, 
debido al gran pretensado necesario para la construcción. La carga última es 1,35 
(PP*CP) +11,7 SC+Q).  

• Se observa que apenas varía la capacidad última con el paso del tiempo. Es decir las 
deformaciones de fluencia y retracción y la relajación del acero no afectan a la 
capacidad resistente. El puente sigue teniendo una seguridad a rotura bajo 
sobrecargas enorme, debido al gran pretensado necesario para la construcción. La 
carga última es 1,35 (PP*CP) +11,5 SC+Q).  

• Se observa prácticamente la misma carga última que bajo la hipótesis de máximo 
momento positivo.  

• Se observan las pérdidas diferidas, que a los 10000 días son del 15,7% de la tensión 
inicial (y siguen aumentando).  Ello concuerda bastante con el cálculo de perdidas 
realizado manualmente para la verificación de tensiones.  

• Las tensiones en las armaduras pasivas superior e inferior, se observan que 
aumentan por efecto de la fluencia, en mayor cuantía en la armadura superior, en 
la zona comprimida.  

• Se observa que por efecto de la fluencia se relajan las tensiones en un 20% 
aproximadamente. 

 
13. RECOMENDACIONES 

A continuación se ofrecen algunas recomendaciones para futuros trabajos; 
 

• Sería deseable verificar si la hipótesis realizada sobre la escasa influencia del 
proceso constructivo en el comportamiento diferido es correcta. Ello conllevaría un 
ingente trabajo de modelización numérica a través del programa CONS o de un 
programa comercial, que no ha podido hacerse en este trabajo. 

• Sería deseable realizar un estudio de optimización de los parámetros clave, como 
son la longitud de la nariz, la longitud de los tramos a empujar y las dimensiones de 
la sección, que permitiera obtener la solución de menor coste global. En este coste 
podrían  incluirse el coste del tablero, del parque de fabricación, del proceso de 
empuje,  de las pilas y aparatos de apoyo, del tiempo de duración de la 
construcción y de la nariz  de empuje. 
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15. ANEJO 1. PLANOS. 

 

 
Figura 97. Trazado del cable armadura activa, tramos de 37,5 m. 

 
 
 

 
Figura 98. Trazado del cable armadura activa, tramos de 50 m. 
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                           Figura 99. Armadura vano (centro luz).                                                                       Figura 100. Armadura apoyo (pila). 

 

                                       
  Figura 101. Diafragma en los apoyos (pilas y estribos).             Figura 102. Sección transversal.                                Figura 103. Armadura por torsión. 
 

                                     
Figura 104. Armadura en zonas de anclaje de armadura activa. 
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16. ANEJO 2. ENTRADA DE DATOS EN EL PROGRAMA CONS. 

16.1. Modelo introducido en CONS en servicio con carga hasta rotura  bajo momentos 
negativos máximos; 

 
PE5 Puente empujado de 37.5+50+50+50+50+50+50+37.5 de sección cajón. Sobrecarga máximos negativos y carga hasta 

rotura 
151 9 150 1 1 1 1 1 1 0 3 8 1 1 1 0 0   
1 0 0 0 
16 37.5 0 0 
36 87.5 0 0 
76 187.5 0 0 
96 237.5 0 0 
116 287.5 0 0 
136 337.5 0 0 
151 375.0 0 0 
1  16  36  56  76  96  116  136  151 
1  24  10 
1 -6.25 1.33      
2 -3.03 1.33      
3 -2.48 1.33      
4 2.48 1.33      
5 3.03 1.33      
6 6.25 1.33      
7 -6.25 1.08      
8 -3.03 0.88      
9 -2.48 0.88      
10 2.48 0.88      
11 3.03 0.88      
12 6.25 1.08      
13 -2.65 -1.24      
14 -2.09 -1.24      
15  2.09 -1.24      
16  2.65 -1.24 
17 -1.25 -1.67 
18  1.25   -1.67 
19  -2.50   -2.07 
20  -2.09   -2.07  
21 -1.25 -2.07 
22  1.25 -2.07 
20   2.09   -2.07  
24   2.50   -2.07 
1 1 2 8 7 1 1   6 
2 2 5 11 8 1 1 6 
3 5 6 12 11 1 1 6 
4 8 9 14 13 1 1 8 
5 10 11 16 15 1 1 8 
6 13 14 20 19 1 1 8 
7   14  17  21  20  1   1   8 
8   17  18  22  21  1   1   8 
9   18  15  23  22  1   1   8 
10  15  16  24  23  1   1   8 
1  2 
 1  0.01 0      1.28  0  50000  
 1  0.01 0     -2.02  0  50000  
10000.00    20000.00     0.0100     0.2000     0.10000 
1 1 2 1 1 1 0 0 50000 0 0 100 
2 2 3 1 1 1 0 0 50000 0 0 100 
3 3 4 1 1 1 0 0 50000 0 0 100 
4 4 5 1 1 1 0 0 50000 0 0 100 
5 5 6 1 1 1 0 0 50000 0 0 100 
6 6 7 1 1 1 0 0 50000 0 0 100 
7 7 8 1 1 1 0 0 50000 0 0 100 
8 8 9 1 1 1 0 0 50000 0 0 100 
9 9 10 1 1 1 0 0 50000 0 0 100 
10 10 11 1 1 1 0 0 50000 0 0 100 
11 11 12 1 1 1 0  0 50000 0 0 100 
12 12 13 1 1 1 0 0 50000 0 0 100 
13 13 14 1 1 1 0 0 50000 0 0 100 
14 14 15 1 1 1 0 0 50000 0 0 100 
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15 15 16 1 1 1 0 0 50000 0 0 100 
16 16 17 1 1 1 0 0 50000 0 0 100 
17 17 18 1 1 1 0 0 50000 0 0 100 
18 18 19 1 1 1 0 0 50000 0 0 100 
19 19 20 1 1 1 0 0 50000 0 0 100 
20 20 21 1 1 1 0 0 50000 0 0 100 
21 21 22 1 1 1 0 0 50000 0 0 100 
22 22 23 1 1 1 0 0 50000 0 0 100 
23 23 24 1 1 1 0 0 50000 0 0 100 
24 24 25 1 1 1 0 0 50000 0 0 100 
25 25 26 1 1 1 0 0 50000 0 0 100 
26 26 27 1 1 1 0 0 50000 0 0 100 
27 27 28 1 1 1 0 0 50000 0 0 100 
28 28 29 1 1 1 0 0 50000 0 0 100 
29 29 30 1 1 1 0 0 50000 0 0 100 
30 30 31 1 1 1 0 0 50000 0 0 100 
31 31 32 1 1 1 0 0 50000 0 0 100 
32 32 33 1 1 1 0 0 50000 0 0 100 
33 33 34 1 1 1 0 0 50000 0 0 100 
34 34 35 1 1 1 0 0 50000 0 0 100 
35 35 36 1 1 1 0 0 50000 0 0 100 
36 36 37 1 1 1 0 0 50000 0 0 100 
37 37 38 1 1 1 0 0 50000 0 0 100 
38 38 39 1 1 1 0 0 50000 0 0 100 
39 39 40 1 1 1 0 0 50000 0 0 100 
40 40 41 1 1 1 0 0 50000 0 0 100 
41 41 42 1 1 1 0 0 50000 0 0 100 
42 42 43 1 1 1 0 0 50000 0 0 100 
43 43 44 1 1 1 0 0 50000 0 0 100 
44 44 45 1 1 1 0 0 50000 0 0 100 
45 45 46 1 1 1 0 0 50000 0 0 100 
46 46 47 1 1 1 0 0 50000 0 0 100 
47 47 48 1 1 1 0 0 50000 0 0 100 
48 48 49 1 1 1 0 0 50000 0 0 100 
49 49 50 1 1 1 0 0 50000 0 0 100 
50 50 51 1 1 1 0 0 50000 0 0 100 
51 51 52 1 1 1 0 0 50000 0 0 100 
52 52 53 1 1 1 0 0 50000 0 0 100 
53 53 54 1 1 1 0 0 50000 0 0 100 
54 54 55 1 1 1 0 0 50000 0 0 100 
55 55 56 1 1 1 0 0 50000 0 0 100 
56 56 57 1 1 1 0 0 50000 0 0 100 
57 57 58 1 1 1 0 0 50000 0 0 100 
58 58 59 1 1   1 0 0 50000 0 0 100 
59 59 60 1 1 1 0 0 50000 0 0 100 
60 60 61 1 1 1 0 0 50000 0 0 100 
61 61 62 1 1 1 0 0 50000 0 0 100 
62 62 63 1 1 1 0 0 50000 0 0 100 
63 63 64 1 1 1 0 0 50000 0 0 100 
64 64 65 1 1 1 0 0 50000 0 0 100 
65 65 66 1 1 1 0 0 50000 0 0 100 
66 66 67 1 1 1 0 0 50000 0 0 100 
67 67 68 1 1 1 0 0 50000 0 0 100 
68 68 69 1 1 1 0 0 50000 0 0 100 
69 69 70 1 1 1 0 0 50000 0 0 100 
70 70 71 1 1 1 0 0 50000 0 0 100 
71  71  72  1   1   1   0   0   50000   0   0   100 
72 72 73 1 1 1 0 0 50000 0 0 100 
73 73 74 1 1 1 0 0 50000 0 0 100 
74 74 75 1 1 1 0 0 50000 0 0 100 
75 75 76 1 1 1 0 0 50000 0 0 100 
76 76 77 1 1 1 0 0 50000 0 0 100 
77 77 78 1 1 1 0 0 50000 0 0 100 
78 78 79 1 1 1 0 0 50000 0 0 100 
79  79  80  1   1   1   0   0   50000 0 0 100  
80 80 81 1 1 1 0 0 50000 0 0 100 
81 81 82 1 1 1 0 0 50000 0 0 100 
82 82 83 1 1 1 0 0 50000 0 0 100 
83 83 84 1 1 1 0 0 50000 0 0 100 
84 84 85 1 1 1 0 0 50000 0 0 100 
85 85 86 1 1 1 0 0 50000 0 0 100 
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86 86 87 1 1 1 0 0 50000 0 0 100 
87 87 88 1 1 1 0 0 50000 0 0 100 
88 88 89 1 1 1 0 0 50000 0 0 100 
89 89 90 1 1 1 0 0 50000 0 0 100 
90 90 91 1 1 1 0 0 50000 0 0 100 
91 91 92 1 1 1 0 0 50000 0 0 100 
92 92 93 1 1 1 0 0 50000 0 0 100 
93 93 94 1 1 1 0 0 50000 0 0 100 
94 94 95 1 1 1 0 0 50000 0 0 100 
95 95 96 1 1 1 0 0 50000 0 0 100 
96 96 97 1 1 1 0 0 50000 0 0 100 
97 97 98 1 1 1 0 0 50000 0 0 100 
98 98 99 1 1 1 0 0 50000 0 0 100 
99 99 100 1 1 1 0 0 50000 0 0 100 
100 100 101 1 1 1 0 0 50000 0 0 100 
101 101 102 1 1 1 0 0 50000 0 0 100 
102 102 103 1 1 1 0 0 50000 0 0 100 
103 103 104 1 1 1 0 0 50000 0 0 100 
104 104 105 1 1 1 0 0 50000 0 0 100 
105 105 106 1 1 1 0 0 50000 0 0 100 
106 106 107 1 1 1 0 0 50000 0 0 100 
107 107 108 1 1 1 0 0 50000 0 0 100 
108 108 109 1 1 1 0 0 50000 0 0 100 
109 109 110 1 1 1 0 0 50000 0 0 100 
110 110 111 1 1 1 0 0 50000 0 0 100 
111 111 112 1 1 1 0 0 50000 0 0 100 
112 112 113 1 1 1 0 0 50000 0 0 100 
113 113 114 1 1 1 0 0 50000 0 0 100 
114 114 115 1 1 1 0 0 50000 0 0 100 
115 115 116 1 1 1 0 0 50000 0 0 100 
116 116 117 1 1 1 0 0 50000 0 0 100 
117 117 118 1 1 1 0 0 50000 0 0 100 
118 118 119 1 1 1 0 0 50000 0 0 100 
119 119 120 1 1 1 0 0 50000 0 0 100 
120 120 121 1 1 1 0 0 50000 0 0 100 
121 121 122 1 1 1 0 0 50000 0 0 100 
122 122 123 1 1 1 0 0 50000 0 0 100 
123 123 124 1 1 1 0 0 50000 0 0 100 
124 124 125 1 1 1 0 0 50000 0 0 100 
125 125 126 1 1 1 0 0 50000 0 0 100 
126 126 127 1 1 1 0 0 50000 0 0 100 
127 127 128 1 1 1 0 0 50000 0 0 100 
128 128 129 1 1 1 0 0 50000 0 0 100 
129 129 130 1 1 1 0 0 50000 0 0 100 
130 130 131 1 1 1 0 0 50000 0 0 100 
131 131 132 1 1 1 0 0 50000 0 0 100 
132 132 133 1 1 1 0 0 50000 0 0 100 
133 133 134 1 1 1 0 0 50000 0 0 100 
134 134 135 1 1 1 0 0 50000 0 0 100 
135 135 136 1 1 1 0 0 50000 0 0 100 
136 136 137 1 1 1 0 0 50000 0 0 100 
137 137 138 1 1 1 0 0 50000 0 0 100 
138 138 139 1 1 1 0 0 50000 0 0 100 
139 139 140 1 1 1 0 0 50000 0 0 100 
140 140 141 1 1 1 0 0 50000 0 0 100 
141 141 142 1 1 1 0 0 50000 0 0 100 
142 142 143 1 1 1 0 0 50000 0 0 100 
143 143 144 1 1 1 0 0 50000 0 0 100 
144 144 145 1 1 1 0 0 50000 0 0 100 
145 145 146 1 1 1 0 0 50000 0 0 100 
146 146 147 1 1 1 0 0 50000 0 0 100 
147 147 148 1 1 1 0 0 50000 0 0 100 
148 148 149 1 1 1 0 0 50000 0 0 100 
149 149 150 1 1 1 0 0 50000 0 0 100 
150 150 151 1 1 1 0 0 50000 0 0 100 
3    2     0     0 
145210   0.00764      161700   0.02000 
1    1    1   150    0.04564      28.      1 
1   150 
0    187.5    375     0     0     0    1.18    1.18    1.18   
2    1    1   150    0.02800      28.      1 
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1   150 
0    187.5   375    0     0     0   -1.92   -1.92   -1.92 
3    1    1   150     0.00504      105.      15 
1   12 
0     15.00     30.0     0.    0.    0.    0.00   -1.92    0.00  
13    18     
30.0     37.50  45.0     0     0     0     0.00    1.18    0.00    
19    32     
45.      62.5   80.0     0     0     0     0.00   -1.92    0.00    
33    38     
80.0     87.50  95.0     0     0     0     0.00    1.18    0.00    
39    52     
95.     112.5  130.0     0     0     0     0.00   -1.92    0.00    
53    58     
130.0   137.50 145.0     0     0     0     0.00    1.18    0.00    
59    72     
145.    162.5  180.0     0     0     0     0.00   -1.92    0.00    
73    78     
180.0   187.50 195.0     0     0     0     0.00    1.18    0.00    
79    92     
195.    212.5  230.0     0     0     0     0.00   -1.92    0.00    
93    98     
230.0   237.50 245.0     0     0     0     0.00    1.18    0.00    
99   112     
245.    262.5  280.0     0     0     0     0.00   -1.92    0.00    
113  118     
280.0   287.50 295.0     0     0     0     0.00    1.18    0.00    
119  132     
295.    312.50 330.0     0     0     0     0.00   -1.92    0.00    
133  138     
330.0   337.50 345.0     0     0     0     0.00    1.18    0.00    
139  150     
345.    360.0  375.0     0     0     0     0.00   -1.92    0.00      
3000   0  50000  9.94  30.46  70  1  1     
20000000  10000  43500  0.01    
0.1  0.1  0.1  100  100  1  1  0.01 
1  9  2  2  2  4 
66  3 
1  3  2  3  3  3  4  3  5  3  6  3  7  3  8  3  9  3       
66  5  76  5 
66  116  76  1   
66  2  76  1  
66  2  66  3  76  1  76 3 
8               
ETAPA1.Peso propio de todo el puente y activación pretensado construcción      
1  105       
1  1  0  2  0  0  2  1  0     
1    1.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20   
16   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20  
36   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
56   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
76   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
96   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
116  0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
136  0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
151  0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
66 76 
1    2      6391      6391       0 
2    2      3927      3927       0 
1 150 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.00  1.000  1.000  1  1  
ETAPA2.Paso del tiempo de 30 dias 
1  30.       
0  1  0 2  0  1  0  0  0   
66 76 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1  
ETAPA3.Pretensado de servicio 
1  0       
0  1  0  2  0  0  1  0  0 
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66 76 
3  3   705  705   0 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1  
ETAPA4.Paso del tiempo de 30 dias  
1  30.       
0  1  0  2  0  1  0  0  0 
66 76 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1  
ETAPA5.Disposición de la carga muerta de -37.5 kN/ml 
1  0       
0  1  0  2  0  0  0  0  1 
66 76 
1 150 0  0 -3.75 0 0 0 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1                     
ETAPA6.Paso del tiempo de 30 dias  
1  30.       
0  1  0  2  0  1  0  0  0 
66 76 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1  
ETAPA7.Incremento de carga permanente un 0.35*(24.85 + 3.75) 
1  0        
0  1  0  2  0  0  0  0  1             

   
66 76 
1 150 0  0  -10.01  0  0  0 
4  0  0  0  0  0  0  0  0  0 
1 10  0  0.25  1.000  1.000  0.8  0.8 
2 10  0  0.25  1.000  1.000  0.8  0.8 
3 10  0  0.25  1.000  1.000  0.8  0.8 
4 10  0  0.25  1.000  1.000  0.8  0.8 
ETAPA8.Incremento de sobrecarga uniformemente para configuracion max neg hasta rotura 
1  0     
0  1  0  2  0  0  0  0  3   
66 76 
16 35   0  0 -5 0 0 0 
56 95   0  0 -5 0 0 0   
116 135 0  0 -5 0 0 0   
50  3  0  1  66  3  -0.010  0  0  0 
65 0  0  -20  0  0  0 
66 0  0  -20  0  0  0 
67 0  0  -20  0  0  0 
1  30   0  1.0 1.000  1.6000  0.5  0.5    
2  30   0  1.0 1.000  0.5000  0.5  0.5    
3  30   0  1.0 1.000  0.5000  0.5  0.5    
4  30   0  1.0 1.000  0.5000  0.5  0.5    
5  30   0  1.0 1.000  0.5000  0.5  0.5    
6  30   0  1.0 1.000  0.5000  0.5  0.5    
7  30   0  1.0 1.000  0.5000  0.5  0.5    
8  30   0  1.0 1.000  0.5000  0.5  0.5    
9  30   0  1.0 1.000  0.5000  0.5  0.5    
10 30   0  1.0 1.000  0.5000  0.5  0.5    
11 30   0  1.0 1.000  0.5000  0.5  0.5    
12  30   0  1.0 1.000  0.5000  0.5  0.5    
13  30   0  1.0 1.000  0.5000  0.5  0.5    
14  30   0  1.0 1.000  0.5000  0.5  0.5    
15  30   0  1.0 1.000  0.5000  0.5  0.5    
16  30   0  1.0 1.000  0.5000  0.5  0.5    
17  30   0  1.0 1.000  0.5000  0.5  0.5    
18  30   0  1.0 1.000  0.5000  0.5  0.5    
19  30   0  1.0 1.000  0.5000  0.5  0.5    
20  30   0  1.0 1.000  0.5000  0.5  0.5    
21  30   0  1.0 1.000  0.5000  0.5  0.5    
22  30   0  1.0 1.000  0.5000  0.5  0.5    
23  30   0  1.0 1.000  0.5000  0.5  0.5    
24  30   0  1.0 1.000  0.5000  0.5  0.5    
25  30   0  1.0 1.000  0.5000  0.5  0.5    
26  30   0  1.0 1.000  0.5000  0.5  0.5    
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27  30   0  1.0 1.000  0.5000  0.5  0.5    
28  30   0  1.0 1.000  0.5000  0.5  0.5    
29  30   0  1.0 1.000  0.5000  0.5  0.5    
30  30   0  1.0 1.000  0.5000  0.5  0.5    
31  30   0  1.0 1.000  0.5000  0.5  0.5    
32  30   0  1.0 1.000  0.5000  0.5  0.5    
33  30   0  1.0 1.000  0.5000  0.5  0.5    
34  30   0  1.0 1.000  0.5000  0.5  0.5    
35  30   0  1.0 1.000  0.5000  0.5  0.5    
36  30   0  1.0 1.000  0.5000  0.5  0.5    
37  30   0  1.0 1.000  0.5000  0.5  0.5    
38  30   0  1.0 1.000  0.5000  0.5  0.5    
39  30   0  1.0 1.000  0.5000  0.5  0.5    
40  30   0  1.0 1.000  0.5000  0.5  0.5    
41  30   0  1.0 1.000  0.5000  0.5  0.5    
42  30   0  1.0 1.000  0.5000  0.5  0.5    
43  30   0  1.0 1.000  0.5000  0.5  0.5    
44  30   0  1.0 1.000  0.5000  0.5  0.5    
45  30   0  1.0 1.000  0.5000  0.5  0.5    
46  30   0  1.0 1.000  0.5000  0.5  0.5    
47  30   0  1.0 1.000  0.5000  0.5  0.5    
48  30   0  1.0 1.000  0.5000  0.5  0.5    
49  30   0  1.0 1.000  0.5000  0.5  0.5    
50  30   0  1.0 1.000  0.5000  0.5  0.5 
 
16.2. Modelo introducido en CONS en servicio, paso del tiempo con sobrecarga hasta 

rotura  bajo momentos positivos máximos; 
 
PET Puente empujado de 37.5+50+50+50+50+50+50+37.5 de sección cajón. Paso tiempo. Sobrecarga máximos positivos y 

carga hasta rotura 
151 9 150 1 1 1 1 1 1 0 3 8 1 1 1 0 0   
1 0 0 0 
16 37.5 0 0 
36 87.5 0 0 
76 187.5 0 0 
96 237.5 0 0 
116 287.5 0 0 
136 337.5 0 0 
151 375.0 0 0 
1  16  36  56  76  96  116  136  151 
1  24  10 
1 -6.25 1.33      
2 -3.03 1.33      
3 -2.48 1.33      
4 2.48 1.33      
5 3.03 1.33      
6 6.25 1.33      
7 -6.25 1.08      
8 -3.03 0.88      
9 -2.48 0.88      
10 2.48 0.88      
11 3.03 0.88      
12 6.25 1.08      
13 -2.65 -1.24      
14 -2.09 -1.24      
15  2.09 -1.24      
16  2.65 -1.24 
17 -1.25 -1.67 
18  1.25   -1.67 
19  -2.50   -2.07 
20  -2.09   -2.07  
21 -1.25 -2.07 
22  1.25 -2.07 
20   2.09   -2.07  
24   2.50   -2.07 
1 1 2 8 7 1 1   6 
2 2 5 11 8 1 1 6 
3 5 6 12 11 1 1 6 
4 8 9 14 13 1 1 8 
5 10 11 16 15 1 1 8 
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6 13 14 20 19 1 1 8 
7   14  17  21  20  1   1   8 
8   17  18  22  21  1   1   8 
9   18  15  23  22  1   1   8 
10  15  16  24  23  1   1   8 
1  2 
 1  0.01 0      1.28  0  50000  
 1  0.01 0     -2.02  0  50000  
10000.00    20000.00     0.0100     0.2000     0.10000 
1 1 2 1 1 1 0 0 50000 0 0 100 
2 2 3 1 1 1 0 0 50000 0 0 100 
3 3 4 1 1 1 0 0 50000 0 0 100 
4 4 5 1 1 1 0 0 50000 0 0 100 
5 5 6 1 1 1 0 0 50000 0 0 100 
6 6 7 1 1 1 0 0 50000 0 0 100 
7 7 8 1 1 1 0 0 50000 0 0 100 
8 8 9 1 1 1 0 0 50000 0 0 100 
9 9 10 1 1 1 0 0 50000 0 0 100 
10 10 11 1 1 1 0 0 50000 0 0 100 
11 11 12 1 1 1 0  0 50000 0 0 100 
12 12 13 1 1 1 0 0 50000 0 0 100 
13 13 14 1 1 1 0 0 50000 0 0 100 
14 14 15 1 1 1 0 0 50000 0 0 100 
15 15 16 1 1 1 0 0 50000 0 0 100 
16 16 17 1 1 1 0 0 50000 0 0 100 
17 17 18 1 1 1 0 0 50000 0 0 100 
18 18 19 1 1 1 0 0 50000 0 0 100 
19 19 20 1 1 1 0 0 50000 0 0 100 
20 20 21 1 1 1 0 0 50000 0 0 100 
21 21 22 1 1 1 0 0 50000 0 0 100 
22 22 23 1 1 1 0 0 50000 0 0 100 
23 23 24 1 1 1 0 0 50000 0 0 100 
24 24 25 1 1 1 0 0 50000 0 0 100 
25 25 26 1 1 1 0 0 50000 0 0 100 
26 26 27 1 1 1 0 0 50000 0 0 100 
27 27 28 1 1 1 0 0 50000 0 0 100 
28 28 29 1 1 1 0 0 50000 0 0 100 
29 29 30 1 1 1 0 0 50000 0 0 100 
30 30 31 1 1 1 0 0 50000 0 0 100 
31 31 32 1 1 1 0 0 50000 0 0 100 
32 32 33 1 1 1 0 0 50000 0 0 100 
33 33 34 1 1 1 0 0 50000 0 0 100 
34 34 35 1 1 1 0 0 50000 0 0 100 
35 35 36 1 1 1 0 0 50000 0 0 100 
36 36 37 1 1 1 0 0 50000 0 0 100 
37 37 38 1 1 1 0 0 50000 0 0 100 
38 38 39 1 1 1 0 0 50000 0 0 100 
39 39 40 1 1 1 0 0 50000 0 0 100 
40 40 41 1 1 1 0 0 50000 0 0 100 
41 41 42 1 1 1 0 0 50000 0 0 100 
42 42 43 1 1 1 0 0 50000 0 0 100 
43 43 44 1 1 1 0 0 50000 0 0 100 
44 44 45 1 1 1 0 0 50000 0 0 100 
45 45 46 1 1 1 0 0 50000 0 0 100 
46 46 47 1 1 1 0 0 50000 0 0 100 
47 47 48 1 1 1 0 0 50000 0 0 100 
48 48 49 1 1 1 0 0 50000 0 0 100 
49 49 50 1 1 1 0 0 50000 0 0 100 
50 50 51 1 1 1 0 0 50000 0 0 100 
51 51 52 1 1 1 0 0 50000 0 0 100 
52 52 53 1 1 1 0 0 50000 0 0 100 
53 53 54 1 1 1 0 0 50000 0 0 100 
54 54 55 1 1 1 0 0 50000 0 0 100 
55 55 56 1 1 1 0 0 50000 0 0 100 
56 56 57 1 1 1 0 0 50000 0 0 100 
57 57 58 1 1 1 0 0 50000 0 0 100 
58 58 59 1 1   1 0 0 50000 0 0 100 
59 59 60 1 1 1 0 0 50000 0 0 100 
60 60 61 1 1 1 0 0 50000 0 0 100 
61 61 62 1 1 1 0 0 50000 0 0 100 
62 62 63 1 1 1 0 0 50000 0 0 100 



PROYECTO DE UN PUENTE EMPUJADO Y ESTUDIO MEDIANTE ANÁLISIS NO LINEAL DEL COMPORTAMIENTO 
DIFERIDO Y EN ESTADO LÍMITE ÚLTIMO. 

 

96 
 

63 63 64 1 1 1 0 0 50000 0 0 100 
64 64 65 1 1 1 0 0 50000 0 0 100 
65 65 66 1 1 1 0 0 50000 0 0 100 
66 66 67 1 1 1 0 0 50000 0 0 100 
67 67 68 1 1 1 0 0 50000 0 0 100 
68 68 69 1 1 1 0 0 50000 0 0 100 
69 69 70 1 1 1 0 0 50000 0 0 100 
70 70 71 1 1 1 0 0 50000 0 0 100 
71  71  72  1   1   1   0   0   50000   0   0   100 
72 72 73 1 1 1 0 0 50000 0 0 100 
73 73 74 1 1 1 0 0 50000 0 0 100 
74 74 75 1 1 1 0 0 50000 0 0 100 
75 75 76 1 1 1 0 0 50000 0 0 100 
76 76 77 1 1 1 0 0 50000 0 0 100 
77 77 78 1 1 1 0 0 50000 0 0 100 
78 78 79 1 1 1 0 0 50000 0 0 100 
79  79  80  1   1   1   0   0   50000 0 0 100  
80 80 81 1 1 1 0 0 50000 0 0 100 
81 81 82 1 1 1 0 0 50000 0 0 100 
82 82 83 1 1 1 0 0 50000 0 0 100 
83 83 84 1 1 1 0 0 50000 0 0 100 
84 84 85 1 1 1 0 0 50000 0 0 100 
85 85 86 1 1 1 0 0 50000 0 0 100 
86 86 87 1 1 1 0 0 50000 0 0 100 
87 87 88 1 1 1 0 0 50000 0 0 100 
88 88 89 1 1 1 0 0 50000 0 0 100 
89 89 90 1 1 1 0 0 50000 0 0 100 
90 90 91 1 1 1 0 0 50000 0 0 100 
91 91 92 1 1 1 0 0 50000 0 0 100 
92 92 93 1 1 1 0 0 50000 0 0 100 
93 93 94 1 1 1 0 0 50000 0 0 100 
94 94 95 1 1 1 0 0 50000 0 0 100 
95 95 96 1 1 1 0 0 50000 0 0 100 
96 96 97 1 1 1 0 0 50000 0 0 100 
97 97 98 1 1 1 0 0 50000 0 0 100 
98 98 99 1 1 1 0 0 50000 0 0 100 
99 99 100 1 1 1 0 0 50000 0 0 100 
100 100 101 1 1 1 0 0 50000 0 0 100 
101 101 102 1 1 1 0 0 50000 0 0 100 
102 102 103 1 1 1 0 0 50000 0 0 100 
103 103 104 1 1 1 0 0 50000 0 0 100 
104 104 105 1 1 1 0 0 50000 0 0 100 
105 105 106 1 1 1 0 0 50000 0 0 100 
106 106 107 1 1 1 0 0 50000 0 0 100 
107 107 108 1 1 1 0 0 50000 0 0 100 
108 108 109 1 1 1 0 0 50000 0 0 100 
109 109 110 1 1 1 0 0 50000 0 0 100 
110 110 111 1 1 1 0 0 50000 0 0 100 
111 111 112 1 1 1 0 0 50000 0 0 100 
112 112 113 1 1 1 0 0 50000 0 0 100 
113 113 114 1 1 1 0 0 50000 0 0 100 
114 114 115 1 1 1 0 0 50000 0 0 100 
115 115 116 1 1 1 0 0 50000 0 0 100 
116 116 117 1 1 1 0 0 50000 0 0 100 
117 117 118 1 1 1 0 0 50000 0 0 100 
118 118 119 1 1 1 0 0 50000 0 0 100 
119 119 120 1 1 1 0 0 50000 0 0 100 
120 120 121 1 1 1 0 0 50000 0 0 100 
121 121 122 1 1 1 0 0 50000 0 0 100 
122 122 123 1 1 1 0 0 50000 0 0 100 
123 123 124 1 1 1 0 0 50000 0 0 100 
124 124 125 1 1 1 0 0 50000 0 0 100 
125 125 126 1 1 1 0 0 50000 0 0 100 
126 126 127 1 1 1 0 0 50000 0 0 100 
127 127 128 1 1 1 0 0 50000 0 0 100 
128 128 129 1 1 1 0 0 50000 0 0 100 
129 129 130 1 1 1 0 0 50000 0 0 100 
130 130 131 1 1 1 0 0 50000 0 0 100 
131 131 132 1 1 1 0 0 50000 0 0 100 
132 132 133 1 1 1 0 0 50000 0 0 100 
133 133 134 1 1 1 0 0 50000 0 0 100 
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134 134 135 1 1 1 0 0 50000 0 0 100 
135 135 136 1 1 1 0 0 50000 0 0 100 
136 136 137 1 1 1 0 0 50000 0 0 100 
137 137 138 1 1 1 0 0 50000 0 0 100 
138 138 139 1 1 1 0 0 50000 0 0 100 
139 139 140 1 1 1 0 0 50000 0 0 100 
140 140 141 1 1 1 0 0 50000 0 0 100 
141 141 142 1 1 1 0 0 50000 0 0 100 
142 142 143 1 1 1 0 0 50000 0 0 100 
143 143 144 1 1 1 0 0 50000 0 0 100 
144 144 145 1 1 1 0 0 50000 0 0 100 
145 145 146 1 1 1 0 0 50000 0 0 100 
146 146 147 1 1 1 0 0 50000 0 0 100 
147 147 148 1 1 1 0 0 50000 0 0 100 
148 148 149 1 1 1 0 0 50000 0 0 100 
149 149 150 1 1 1 0 0 50000 0 0 100 
150 150 151 1 1 1 0 0 50000 0 0 100 
3    2     0     0 
145210   0.00764      161700   0.02000 
1    1    1   150    0.04564      28.      1 
1   150 
0    187.5    375     0     0     0    1.18    1.18    1.18   
2    1    1   150    0.02800      28.      1 
1   150 
0    187.5   375    0     0     0   -1.92   -1.92   -1.92 
3    1    1   150     0.00504      105.      15 
1   12 
0     15.00     30.0     0.    0.    0.    0.00   -1.92    0.00  
13    18     
30.0     37.50  45.0     0     0     0     0.00    1.18    0.00    
19    32     
45.      62.5   80.0     0     0     0     0.00   -1.92    0.00    
33    38     
80.0     87.50  95.0     0     0     0     0.00    1.18    0.00    
39    52     
95.     112.5  130.0     0     0     0     0.00   -1.92    0.00    
53    58     
130.0   137.50 145.0     0     0     0     0.00    1.18    0.00    
59    72     
145.    162.5  180.0     0     0     0     0.00   -1.92    0.00    
73    78     
180.0   187.50 195.0     0     0     0     0.00    1.18    0.00    
79    92     
195.    212.5  230.0     0     0     0     0.00   -1.92    0.00    
93    98     
230.0   237.50 245.0     0     0     0     0.00    1.18    0.00    
99   112     
245.    262.5  280.0     0     0     0     0.00   -1.92    0.00    
113  118     
280.0   287.50 295.0     0     0     0     0.00    1.18    0.00    
119  132     
295.    312.50 330.0     0     0     0     0.00   -1.92    0.00    
133  138     
330.0   337.50 345.0     0     0     0     0.00    1.18    0.00    
139  150     
345.    360.0  375.0     0     0     0     0.00   -1.92    0.00      
3000   0  50000  9.94  30.46  70  1  1     
20000000  10000  43500  0.01    
0.1  0.1  0.1  100  100  1  1  0.01 
1  9  2  2  2  4 
66  3 
1  3  2  3  3  3  4  3  5  3  6  3  7  3  8  3  9  3       
66  5  76  5 
66  116  76  1   
66  2  76  1  
66  2  66  3  76  1  76 3 
8               
ETAPA1.Peso propio de todo el puente y activación pretensado construcción      
1  105       
1  1  0  2  0  0  2  1  0     
1    1.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20   
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16   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20  
36   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
56   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
76   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
96   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
116  0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
136  0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
151  0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
66 76 
1    2      6391      6391       0 
2    2      3927      3927       0 
1 150 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.00  1.000  1.000  1  1  
ETAPA2.Paso del tiempo de 30 dias 
1  30.       
0  1  0 2  0  1  0  0  0   
66 76 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1  
ETAPA3.Pretensado de servicio 
1  0       
0  1  0  2  0  0  1  0  0 
66 76 
3  3   705  705   0 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1  
ETAPA4.Paso del tiempo de 30 dias  
1  30.       
0  1  0  2  0  1  0  0  0 
66 76 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1  
ETAPA5.Disposición de la carga muerta de -37.5 kN/ml 
1  0       
0  1  0  2  0  0  0  0  1 
66 76 
1 150 0  0 -3.75 0 0 0 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1                     
ETAPA6.Paso del tiempo de hasta 10000 dias  
20  9835.       
0  1  0  2  0  1  0  0  0 
66 76 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  0.5  0.5  
ETAPA7.Incremento de carga permanente un 0.35*(24.85 + 3.75) 
1  0        
0  1  0  2  0  0  0  0  1             

   
66 76 
1 150 0  0  -10.01  0  0  0 
4  0  0  0  0  0  0  0  0  0 
1 10  0  0.25  1.000  1.000  0.8  0.8 
2 10  0  0.25  1.000  1.000  0.8  0.8 
3 10  0  0.25  1.000  1.000  0.8  0.8 
4 10  0  0.25  1.000  1.000  0.8  0.8 
ETAPA8.Incremento de sobrecarga uniformemente para configuracion max pos hasta rotura 
1  0     
0  1  0  2  0  0  0  0  4   
66  76 
15   35    0  0 -5 0 0 0 
56   75    0  0 -5 0 0 0   
96  115    0  0 -5 0 0 0   
136 150    0  0 -5 0 0 0   
50  3  0  1  66  3  -0.010  0  0  0 
65 0  0  -20  0  0  0 
66 0  0  -20  0  0  0 
67 0  0  -20  0  0  0 
1  30   0  1.0 1.000  2.0000  0.5  0.5    
2  30   0  1.0 1.000  0.8500  0.5  0.5    
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3  30   0  1.0 1.000  1.1500  0.5  0.5    
4  30   0  1.0 1.000  1.0000  0.5  0.5    
5  30   0  1.0 1.000  1.0000  0.5  0.5    
6  30   0  1.0 1.000  1.0000  0.5  0.5    
7  30   0  1.0 1.000  1.0000  0.5  0.5    
8  30   0  1.0 1.000  0.5000  0.5  0.5    
9  30   0  1.0 1.000  0.5000  0.5  0.5    
10 30   0  1.0 1.000  0.5000  0.5  0.5    
11 30   0  1.0 1.000  0.5000  0.5  0.5    
12  30   0  1.0 1.000  0.5000  0.5  0.5    
13  30   0  1.0 1.000  0.5000  0.5  0.5    
14  30   0  1.0 1.000  0.5000  0.5  0.5    
15  30   0  1.0 1.000  0.5000  0.5  0.5    
16  30   0  1.0 1.000  0.5000  0.5  0.5    
17  30   0  1.0 1.000  0.5000  0.5  0.5    
18  30   0  1.0 1.000  0.5000  0.5  0.5    
19  30   0  1.0 1.000  0.5000  0.5  0.5    
20  30   0  1.0 1.000  0.5000  0.5  0.5    
21  30   0  1.0 1.000  0.5000  0.5  0.5    
22  30   0  1.0 1.000  0.5000  0.5  0.5    
23  30   0  1.0 1.000  0.5000  0.5  0.5    
24  30   0  1.0 1.000  0.5000  0.5  0.5    
25  30   0  1.0 1.000  0.5000  0.5  0.5    
26  30   0  1.0 1.000  0.5000  0.5  0.5    
27  30   0  1.0 1.000  0.5000  0.5  0.5    
28  30   0  1.0 1.000  0.5000  0.5  0.5    
29  30   0  1.0 1.000  0.5000  0.5  0.5    
30  30   0  1.0 1.000  0.5000  0.5  0.5    
31  30   0  1.0 1.000  0.5000  0.5  0.5    
32  30   0  1.0 1.000  0.5000  0.5  0.5    
33  30   0  1.0 1.000  0.5000  0.5  0.5    
34  30   0  1.0 1.000  0.5000  0.5  0.5    
35  30   0  1.0 1.000  0.5000  0.5  0.5    
36  30   0  1.0 1.000  0.5000  0.5  0.5    
37  30   0  1.0 1.000  0.5000  0.5  0.5    
38  30   0  1.0 1.000  0.5000  0.5  0.5    
39  30   0  1.0 1.000  0.5000  0.5  0.5    
40  30   0  1.0 1.000  0.5000  0.5  0.5    
41  30   0  1.0 1.000  0.5000  0.5  0.5    
42  30   0  1.0 1.000  0.5000  0.5  0.5    
43  30   0  1.0 1.000  0.5000  0.5  0.5    
44  30   0  1.0 1.000  0.5000  0.5  0.5    
45  30   0  1.0 1.000  0.5000  0.5  0.5    
46  30   0  1.0 1.000  0.5000  0.5  0.5    
47  30   0  1.0 1.000  0.5000  0.5  0.5    
48  30   0  1.0 1.000  0.5000  0.5  0.5    
49  30   0  1.0 1.000  0.5000  0.5  0.5    
50  30   0  1.0 1.000  0.5000  0.5  0.5 
 
16.3. Modelo introducido en CONS en servicio con carga hasta rotura  bajo momentos 

positivos máximos; 
 
PE6 Puente empujado de 37.5+50+50+50+50+50+50+37.5 de sección cajón. Sobrecarga máximos positivos y carga hasta 

rotura 
151 9 150 1 1 1 1 1 1 0 3 8 1 1 1 0 0   
1 0 0 0 
16 37.5 0 0 
36 87.5 0 0 
76 187.5 0 0 
96 237.5 0 0 
116 287.5 0 0 
136 337.5 0 0 
151 375.0 0 0 
1  16  36  56  76  96  116  136  151 
1  24  10 
1 -6.25 1.33      
2 -3.03 1.33      
3 -2.48 1.33      
4 2.48 1.33      
5 3.03 1.33      
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6 6.25 1.33      
7 -6.25 1.08      
8 -3.03 0.88      
9 -2.48 0.88      
10 2.48 0.88      
11 3.03 0.88      
12 6.25 1.08      
13 -2.65 -1.24      
14 -2.09 -1.24      
15  2.09 -1.24      
16  2.65 -1.24 
17 -1.25 -1.67 
18  1.25   -1.67 
19  -2.50   -2.07 
20  -2.09   -2.07  
21 -1.25 -2.07 
22  1.25 -2.07 
20   2.09   -2.07  
24   2.50   -2.07 
1 1 2 8 7 1 1   6 
2 2 5 11 8 1 1 6 
3 5 6 12 11 1 1 6 
4 8 9 14 13 1 1 8 
5 10 11 16 15 1 1 8 
6 13 14 20 19 1 1 8 
7   14  17  21  20  1   1   8 
8   17  18  22  21  1   1   8 
9   18  15  23  22  1   1   8 
10  15  16  24  23  1   1   8 
1  2 
 1  0.01 0      1.28  0  50000  
 1  0.01 0     -2.02  0  50000  
10000.00    20000.00     0.0100     0.2000     0.10000 
1 1 2 1 1 1 0 0 50000 0 0 100 
2 2 3 1 1 1 0 0 50000 0 0 100 
3 3 4 1 1 1 0 0 50000 0 0 100 
4 4 5 1 1 1 0 0 50000 0 0 100 
5 5 6 1 1 1 0 0 50000 0 0 100 
6 6 7 1 1 1 0 0 50000 0 0 100 
7 7 8 1 1 1 0 0 50000 0 0 100 
8 8 9 1 1 1 0 0 50000 0 0 100 
9 9 10 1 1 1 0 0 50000 0 0 100 
10 10 11 1 1 1 0 0 50000 0 0 100 
11 11 12 1 1 1 0  0 50000 0 0 100 
12 12 13 1 1 1 0 0 50000 0 0 100 
13 13 14 1 1 1 0 0 50000 0 0 100 
14 14 15 1 1 1 0 0 50000 0 0 100 
15 15 16 1 1 1 0 0 50000 0 0 100 
16 16 17 1 1 1 0 0 50000 0 0 100 
17 17 18 1 1 1 0 0 50000 0 0 100 
18 18 19 1 1 1 0 0 50000 0 0 100 
19 19 20 1 1 1 0 0 50000 0 0 100 
20 20 21 1 1 1 0 0 50000 0 0 100 
21 21 22 1 1 1 0 0 50000 0 0 100 
22 22 23 1 1 1 0 0 50000 0 0 100 
23 23 24 1 1 1 0 0 50000 0 0 100 
24 24 25 1 1 1 0 0 50000 0 0 100 
25 25 26 1 1 1 0 0 50000 0 0 100 
26 26 27 1 1 1 0 0 50000 0 0 100 
27 27 28 1 1 1 0 0 50000 0 0 100 
28 28 29 1 1 1 0 0 50000 0 0 100 
29 29 30 1 1 1 0 0 50000 0 0 100 
30 30 31 1 1 1 0 0 50000 0 0 100 
31 31 32 1 1 1 0 0 50000 0 0 100 
32 32 33 1 1 1 0 0 50000 0 0 100 
33 33 34 1 1 1 0 0 50000 0 0 100 
34 34 35 1 1 1 0 0 50000 0 0 100 
35 35 36 1 1 1 0 0 50000 0 0 100 
36 36 37 1 1 1 0 0 50000 0 0 100 
37 37 38 1 1 1 0 0 50000 0 0 100 
38 38 39 1 1 1 0 0 50000 0 0 100 
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39 39 40 1 1 1 0 0 50000 0 0 100 
40 40 41 1 1 1 0 0 50000 0 0 100 
41 41 42 1 1 1 0 0 50000 0 0 100 
42 42 43 1 1 1 0 0 50000 0 0 100 
43 43 44 1 1 1 0 0 50000 0 0 100 
44 44 45 1 1 1 0 0 50000 0 0 100 
45 45 46 1 1 1 0 0 50000 0 0 100 
46 46 47 1 1 1 0 0 50000 0 0 100 
47 47 48 1 1 1 0 0 50000 0 0 100 
48 48 49 1 1 1 0 0 50000 0 0 100 
49 49 50 1 1 1 0 0 50000 0 0 100 
50 50 51 1 1 1 0 0 50000 0 0 100 
51 51 52 1 1 1 0 0 50000 0 0 100 
52 52 53 1 1 1 0 0 50000 0 0 100 
53 53 54 1 1 1 0 0 50000 0 0 100 
54 54 55 1 1 1 0 0 50000 0 0 100 
55 55 56 1 1 1 0 0 50000 0 0 100 
56 56 57 1 1 1 0 0 50000 0 0 100 
57 57 58 1 1 1 0 0 50000 0 0 100 
58 58 59 1 1   1 0 0 50000 0 0 100 
59 59 60 1 1 1 0 0 50000 0 0 100 
60 60 61 1 1 1 0 0 50000 0 0 100 
61 61 62 1 1 1 0 0 50000 0 0 100 
62 62 63 1 1 1 0 0 50000 0 0 100 
63 63 64 1 1 1 0 0 50000 0 0 100 
64 64 65 1 1 1 0 0 50000 0 0 100 
65 65 66 1 1 1 0 0 50000 0 0 100 
66 66 67 1 1 1 0 0 50000 0 0 100 
67 67 68 1 1 1 0 0 50000 0 0 100 
68 68 69 1 1 1 0 0 50000 0 0 100 
69 69 70 1 1 1 0 0 50000 0 0 100 
70 70 71 1 1 1 0 0 50000 0 0 100 
71  71  72  1   1   1   0   0   50000   0   0   100 
72 72 73 1 1 1 0 0 50000 0 0 100 
73 73 74 1 1 1 0 0 50000 0 0 100 
74 74 75 1 1 1 0 0 50000 0 0 100 
75 75 76 1 1 1 0 0 50000 0 0 100 
76 76 77 1 1 1 0 0 50000 0 0 100 
77 77 78 1 1 1 0 0 50000 0 0 100 
78 78 79 1 1 1 0 0 50000 0 0 100 
79  79  80  1   1   1   0   0   50000 0 0 100  
80 80 81 1 1 1 0 0 50000 0 0 100 
81 81 82 1 1 1 0 0 50000 0 0 100 
82 82 83 1 1 1 0 0 50000 0 0 100 
83 83 84 1 1 1 0 0 50000 0 0 100 
84 84 85 1 1 1 0 0 50000 0 0 100 
85 85 86 1 1 1 0 0 50000 0 0 100 
86 86 87 1 1 1 0 0 50000 0 0 100 
87 87 88 1 1 1 0 0 50000 0 0 100 
88 88 89 1 1 1 0 0 50000 0 0 100 
89 89 90 1 1 1 0 0 50000 0 0 100 
90 90 91 1 1 1 0 0 50000 0 0 100 
91 91 92 1 1 1 0 0 50000 0 0 100 
92 92 93 1 1 1 0 0 50000 0 0 100 
93 93 94 1 1 1 0 0 50000 0 0 100 
94 94 95 1 1 1 0 0 50000 0 0 100 
95 95 96 1 1 1 0 0 50000 0 0 100 
96 96 97 1 1 1 0 0 50000 0 0 100 
97 97 98 1 1 1 0 0 50000 0 0 100 
98 98 99 1 1 1 0 0 50000 0 0 100 
99 99 100 1 1 1 0 0 50000 0 0 100 
100 100 101 1 1 1 0 0 50000 0 0 100 
101 101 102 1 1 1 0 0 50000 0 0 100 
102 102 103 1 1 1 0 0 50000 0 0 100 
103 103 104 1 1 1 0 0 50000 0 0 100 
104 104 105 1 1 1 0 0 50000 0 0 100 
105 105 106 1 1 1 0 0 50000 0 0 100 
106 106 107 1 1 1 0 0 50000 0 0 100 
107 107 108 1 1 1 0 0 50000 0 0 100 
108 108 109 1 1 1 0 0 50000 0 0 100 
109 109 110 1 1 1 0 0 50000 0 0 100 
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110 110 111 1 1 1 0 0 50000 0 0 100 
111 111 112 1 1 1 0 0 50000 0 0 100 
112 112 113 1 1 1 0 0 50000 0 0 100 
113 113 114 1 1 1 0 0 50000 0 0 100 
114 114 115 1 1 1 0 0 50000 0 0 100 
115 115 116 1 1 1 0 0 50000 0 0 100 
116 116 117 1 1 1 0 0 50000 0 0 100 
117 117 118 1 1 1 0 0 50000 0 0 100 
118 118 119 1 1 1 0 0 50000 0 0 100 
119 119 120 1 1 1 0 0 50000 0 0 100 
120 120 121 1 1 1 0 0 50000 0 0 100 
121 121 122 1 1 1 0 0 50000 0 0 100 
122 122 123 1 1 1 0 0 50000 0 0 100 
123 123 124 1 1 1 0 0 50000 0 0 100 
124 124 125 1 1 1 0 0 50000 0 0 100 
125 125 126 1 1 1 0 0 50000 0 0 100 
126 126 127 1 1 1 0 0 50000 0 0 100 
127 127 128 1 1 1 0 0 50000 0 0 100 
128 128 129 1 1 1 0 0 50000 0 0 100 
129 129 130 1 1 1 0 0 50000 0 0 100 
130 130 131 1 1 1 0 0 50000 0 0 100 
131 131 132 1 1 1 0 0 50000 0 0 100 
132 132 133 1 1 1 0 0 50000 0 0 100 
133 133 134 1 1 1 0 0 50000 0 0 100 
134 134 135 1 1 1 0 0 50000 0 0 100 
135 135 136 1 1 1 0 0 50000 0 0 100 
136 136 137 1 1 1 0 0 50000 0 0 100 
137 137 138 1 1 1 0 0 50000 0 0 100 
138 138 139 1 1 1 0 0 50000 0 0 100 
139 139 140 1 1 1 0 0 50000 0 0 100 
140 140 141 1 1 1 0 0 50000 0 0 100 
141 141 142 1 1 1 0 0 50000 0 0 100 
142 142 143 1 1 1 0 0 50000 0 0 100 
143 143 144 1 1 1 0 0 50000 0 0 100 
144 144 145 1 1 1 0 0 50000 0 0 100 
145 145 146 1 1 1 0 0 50000 0 0 100 
146 146 147 1 1 1 0 0 50000 0 0 100 
147 147 148 1 1 1 0 0 50000 0 0 100 
148 148 149 1 1 1 0 0 50000 0 0 100 
149 149 150 1 1 1 0 0 50000 0 0 100 
150 150 151 1 1 1 0 0 50000 0 0 100 
3    2     0     0 
145210   0.00764      161700   0.02000 
1    1    1   150    0.04564      28.      1 
1   150 
0    187.5    375     0     0     0    1.18    1.18    1.18   
2    1    1   150    0.02800      28.      1 
1   150 
0    187.5   375    0     0     0   -1.92   -1.92   -1.92 
3    1    1   150     0.00504      105.      15 
1   12 
0     15.00     30.0     0.    0.    0.    0.00   -1.92    0.00  
13    18     
30.0     37.50  45.0     0     0     0     0.00    1.18    0.00    
19    32     
45.      62.5   80.0     0     0     0     0.00   -1.92    0.00    
33    38     
80.0     87.50  95.0     0     0     0     0.00    1.18    0.00    
39    52     
95.     112.5  130.0     0     0     0     0.00   -1.92    0.00    
53    58     
130.0   137.50 145.0     0     0     0     0.00    1.18    0.00    
59    72     
145.    162.5  180.0     0     0     0     0.00   -1.92    0.00    
73    78     
180.0   187.50 195.0     0     0     0     0.00    1.18    0.00    
79    92     
195.    212.5  230.0     0     0     0     0.00   -1.92    0.00    
93    98     
230.0   237.50 245.0     0     0     0     0.00    1.18    0.00    
99   112     
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245.    262.5  280.0     0     0     0     0.00   -1.92    0.00    
113  118     
280.0   287.50 295.0     0     0     0     0.00    1.18    0.00    
119  132     
295.    312.50 330.0     0     0     0     0.00   -1.92    0.00    
133  138     
330.0   337.50 345.0     0     0     0     0.00    1.18    0.00    
139  150     
345.    360.0  375.0     0     0     0     0.00   -1.92    0.00      
3000   0  50000  9.94  30.46  70  1  1     
20000000  10000  43500  0.01    
0.1  0.1  0.1  100  100  1  1  0.01 
1  9  2  2  2  4 
66  3 
1  3  2  3  3  3  4  3  5  3  6  3  7  3  8  3  9  3       
66  5  76  5 
66  116  76  1   
66  2  76  1  
66  2  66  3  76  1  76 3 
8               
ETAPA1.Peso propio de todo el puente y activación pretensado construcción      
1  105       
1  1  0  2  0  0  2  1  0     
1    1.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20   
16   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20  
36   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
56   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
76   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
96   0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
116  0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
136  0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
151  0.0000E+20   1.0000E+20   1.0000E+20   1.0000E+20   0.0000E+20   1.0000E+20 
66 76 
1    2      6391      6391       0 
2    2      3927      3927       0 
1 150 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.00  1.000  1.000  1  1  
ETAPA2.Paso del tiempo de 30 dias 
1  30.       
0  1  0 2  0  1  0  0  0   
66 76 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1  
ETAPA3.Pretensado de servicio 
1  0       
0  1  0  2  0  0  1  0  0 
66 76 
3  3   705  705   0 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1  
ETAPA4.Paso del tiempo de 30 dias  
1  30.       
0  1  0  2  0  1  0  0  0 
66 76 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1  
ETAPA5.Disposición de la carga muerta de -37.5 kN/ml 
1  0       
0  1  0  2  0  0  0  0  1 
66 76 
1 150 0  0 -3.75 0 0 0 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1                     
ETAPA6.Paso del tiempo de 30 dias  
1  30.       
0  1  0  2  0  1  0  0  0 
66 76 
1  0  0  0  0  0  0  0  0  0 
1 10  0  1.000  1.000  1.000  1  1  
ETAPA7.Incremento de carga permanente un 0.35*(24.85 + 3.75) 



PROYECTO DE UN PUENTE EMPUJADO Y ESTUDIO MEDIANTE ANÁLISIS NO LINEAL DEL COMPORTAMIENTO 
DIFERIDO Y EN ESTADO LÍMITE ÚLTIMO. 

 

104 
 

1  0        
0  1  0  2  0  0  0  0  1             

  
66 76 
1 150 0  0  -10.01  0  0  0 
4  0  0  0  0  0  0  0  0  0 
1 10  0  0.25  1.000  1.000  0.8  0.8 
2 10  0  0.25  1.000  1.000  0.8  0.8 
3 10  0  0.25  1.000  1.000  0.8  0.8 
4 10  0  0.25  1.000  1.000  0.8  0.8 
ETAPA8.Incremento de sobrecarga uniformemente para configuracion max pos hasta rotura 
1  0     
0  1  0  2  0  0  0  0  4   
66  76 
15   35    0  0 -5 0 0 0 
56   75    0  0 -5 0 0 0   
96  115    0  0 -5 0 0 0   
136 150    0  0 -5 0 0 0   
50  3  0  1  66  3  -0.010  0  0  0 
65 0  0  -20  0  0  0 
66 0  0  -20  0  0  0 
67 0  0  -20  0  0  0 
1  30   0  1.0 1.000  1.6000  0.5  0.5    
2  30   0  1.0 1.000  1.4000  0.5  0.5    
3  30   0  1.0 1.000  1.0000  0.5  0.5    
4  30   0  1.0 1.000  1.0000  0.5  0.5    
5  30   0  1.0 1.000  1.0000  0.5  0.5    
6  30   0  1.0 1.000  1.0000  0.5  0.5    
7  30   0  1.0 1.000  1.0000  0.5  0.5    
8  30   0  1.0 1.000  0.5000  0.5  0.5    
9  30   0  1.0 1.000  0.5000  0.5  0.5    
10 30   0  1.0 1.000  0.5000  0.5  0.5    
11 30   0  1.0 1.000  0.5000  0.5  0.5    
12  30   0  1.0 1.000  0.5000  0.5  0.5    
13  30   0  1.0 1.000  0.5000  0.5  0.5    
14  30   0  1.0 1.000  0.5000  0.5  0.5    
15  30   0  1.0 1.000  0.5000  0.5  0.5    
16  30   0  1.0 1.000  0.5000  0.5  0.5    
17  30   0  1.0 1.000  0.5000  0.5  0.5    
18  30   0  1.0 1.000  0.5000  0.5  0.5    
19  30   0  1.0 1.000  0.5000  0.5  0.5    
20  30   0  1.0 1.000  0.5000  0.5  0.5    
21  30   0  1.0 1.000  0.5000  0.5  0.5    
22  30   0  1.0 1.000  0.5000  0.5  0.5    
23  30   0  1.0 1.000  0.5000  0.5  0.5    
24  30   0  1.0 1.000  0.5000  0.5  0.5    
25  30   0  1.0 1.000  0.5000  0.5  0.5    
26  30   0  1.0 1.000  0.5000  0.5  0.5    
27  30   0  1.0 1.000  0.5000  0.5  0.5    
28  30   0  1.0 1.000  0.5000  0.5  0.5    
29  30   0  1.0 1.000  0.5000  0.5  0.5    
30  30   0  1.0 1.000  0.5000  0.5  0.5    
31  30   0  1.0 1.000  0.5000  0.5  0.5    
32  30   0  1.0 1.000  0.5000  0.5  0.5    
33  30   0  1.0 1.000  0.5000  0.5  0.5    
34  30   0  1.0 1.000  0.5000  0.5  0.5    
35  30   0  1.0 1.000  0.5000  0.5  0.5    
36  30   0  1.0 1.000  0.5000  0.5  0.5    
37  30   0  1.0 1.000  0.5000  0.5  0.5    
38  30   0  1.0 1.000  0.5000  0.5  0.5    
39  30   0  1.0 1.000  0.5000  0.5  0.5    
40  30   0  1.0 1.000  0.5000  0.5  0.5    
41  30   0  1.0 1.000  0.5000  0.5  0.5    
42  30   0  1.0 1.000  0.5000  0.5  0.5    
43  30   0  1.0 1.000  0.5000  0.5  0.5    
44  30   0  1.0 1.000  0.5000  0.5  0.5    
45  30   0  1.0 1.000  0.5000  0.5  0.5    
46  30   0  1.0 1.000  0.5000  0.5  0.5    
47  30   0  1.0 1.000  0.5000  0.5  0.5    
48  30   0  1.0 1.000  0.5000  0.5  0.5    
49  30   0  1.0 1.000  0.5000  0.5  0.5    



PROYECTO DE UN PUENTE EMPUJADO Y ESTUDIO MEDIANTE ANÁLISIS NO LINEAL DEL COMPORTAMIENTO 
DIFERIDO Y EN ESTADO LÍMITE ÚLTIMO. 
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ANEJOS A LA MEMORIA 



PUENTES LANZADOS



TIPOS DE PUENTES LANZADOS

A pesar de la denominación común de puentes lanzados existen, principalmente cuatro variedades de
colocación del puente en su posición final que corresponden a las siguientes técnicas:

— Lanzamiento por segmentos: El puente es fabricado en segmentos y cuando el hormigón
alcanza la resistencia suficiente se lanza el puente una distancia igual al segmento recién
construido.

— Lanzamiento completo: El puente es fabricado totalmente en un extremo; o más habitualmente
se fabrican sendas mitades del puente desde los dos extremos y tras ello se lanzan hasta la
ubicación definitiva.

— Giro del puente completo: Una vez fabricado todo el puente, o las dos mitades en las porciones
opuestas, se giran hasta la posición final.

— Traslación transversal: La translación transversal, o ripado, consiste en fabricar el puente en una
porción paralela a la deseada y trasladarlo con un movimiento transversal hasta dicha ubicación.



LANZAMIENTO POR SEGMENTOS



LANZAMIENTO COMPLETO. Esquema general.



LANZAMIENTO COMPLETO. Detalle de la fabricación.



GIRO COMPLETO.



TRASLACIÓN TRANSVERSAL



MÉTODO DE LANZAMIENTO POR SEGMENTOS

La fabricación de puentes de hormigón mediante este procedimiento requiere de los componentes
siguientes:

1) Planta de fabricación del tablero: Consta fundamentalmente del taller de ferralla, encofrado y
planta de hormigonado. Suele estar protegido de la intemperie.

2) Pico de lanzamiento: Su misión es disminuir el peso del puente en el proceso de lanzamiento. Es
una estructura metálica conectada a la sección transversal frontal del puente.

3) Pilas auxiliares: Si resulta necesario, y en general para vanos superiores a los 40 ó 50 m., se
disponen unas pilas provisionales a fin de acortar los vanos de mayor longitúd.

4) Apoyos de neopreno-teflón: Facilitan el proceso de lanzamiento debido a su reducido
coeficiente de rozamiento.

5) Dispositivos de lanzamiento: Proporcionan la fuerza de arrastre o de empuje para mover el
puente en cada fase de lanzamiento.



FASES DEL PROCESO



VISTA DEL CONJUNTO DE LOS ELEMENTOS

PLANTA DE FABRICACIÓN DEL TABLERO



PICO DE LANZAMIENTO

PILAS AUXILIARES



APOYOS DE NEOPRENO-TEFLÓN

DISPOSITIVOS DE LANZAMIENTO



FABRICACIÓN DEL TABLERO

Preparación de la ferralla: La armadura pasiva se prepara con antelación habitualmente en talleres
de ferralla en elementos de la misma longitud que el segmento de puente que se va a hormigonar.





Sistemas de encofrado: El encofrado suele ser metálico y está soportado exteriormente e
interiormente por estructuras auxiliares que deben permitir el proceso de separación de los moldes en
la etapa de desencofrado. El hormigonado se realiza habitualmente en dos fases con una junta en la
losa inferior, en el centro de las caras laterales o en la losa superior. Las juntas suelen estar situadas al
lado de la zona de diafragmas y en ellos el encofrado interior es diferente que en el resto del tablero.







Encofrado en la zona de diafragma.



Separación de moldes: En el encofrado exterior se lleva a cabo por separación hacia fuera de los
moldes o por giro desde unas articulaciones situadas en las esquinas inferiores. Los moldes interiores
se separan retirando los burlones y los perfiles metálicos de apoyo.





PICO DE LANZAMIENTO

Planta y alzados.





PICO DE LANZAMIENTO (cont.).

Conexión entre pico y sección transversal. Dispositivos de anclaje en la sección.

Vista compuesta







LANZAMIENTO RIGIDIZADO CON TIRANTES

Esquema del atirantamiento temporal.



LANZAMIENTO RIGIDIZADO CON TIRANTES

Fases del proceso de construcción.





TÉCNICAS DE LANZAMIENTO

Arrastre mediante cordones. Fases del proceso.



Arrastre mediante cordones. Detalle del dispositivo.



Empuje dorsal mediante gatos. Fases del proceso.





Empuje dorsal con anclaje del gato por rozamiento mecánico.



Empuje dorsal con anclaje del gato por presión hidráulica.



Arrastre con elevación del tablero







Sistema híbrido de arrastre y empuje.



ESQUEMAS DE POSTENSADO

En los puentes lanzados hay dos tipos fundamentales de postensado: el que se lleva a cabo durante la
construcción del puente con las sucesivas fases de lanzamiento y el que se realiza una vez que el
puente ya está situado en su posición final. Las misiones de cada uno de ellos son:

Postensado durante el lanzamiento: La misión de estos tendones es soportar el peso propio de la
estructura. Ya que durante el lanzamiento el momento flector cambia de valor, e incluso de signo, en
cada sección transversal, el objetivo de este postensado es mantener el puente en compresión
compuesta.

Postensado final: Una vez concluido el lanzamiento del puente los tendones de postensado instalados
permiten soportar no solo la carga permanente, sino una parte de la sobrecarga de uso, usualmente no
mayor del 50%. Para soportar la parte restante se añaden otros cables de postensado.



POSTENSADO DURANTE EL LANZAMIENTO

Tendones rectos interiores acoplados.



Tendones rectos interiores solapados

Tendones externos rectos.



POSTENSADO FINAL

Postensado interior.





Postensado exterior. Geometrías de los cables.

Postensado exterior. Esquema de desviadores.





Disposiciones complejas de tendones de postensado en puentes lanzados



Disposiciones complejas de tendones de postensado en puentes lanzados. (cont.).



EJEMPLOS PRÁCTICOS

Puente sobre el rio Caroni (Venezuela) (1962-64)

Longitud del puente: 480 m.

Longitud de los vanos mayores: 96 m.

Anchura del tablero: 10 m.

Imagen del puente



Proceso de construcción: Lanzamiento completo





EJEMPLOS PRÁCTICOS (cont.).

Puente sobre el valle de Restel (Italia).

Anchura tablero: 9 m.

Longitud total: 320 m (10 vanos de 32 m).

Canto de la sección transversal: 2.5 m.



EJEMPLOS PRÁCTICOS (cont.).

Puente de Neckarburg.

Anchura del tablero: 31 m.

Longitud de vano = 30 ~ 33 m.

Canto de la sección transversal: 2.3 m.



EJEMPLOS PRÁCTICOS (cont.).

Puente Stoney Trail, Calgary (Canadá).

Anchura del tablero: 21 m.

Anchura total: 476 m.

Longitud del vano mayor: 102 m.

Vista general.



Dimensiones y esquema de lanzamiento.



Detalles de sección transversal y armadura.



Construcción de Puentes de 
concreto mediante el 
Sistema de Lanzamiento
por Incrementos Sucesivos





A mediados de los años 70´ durante un viaje de trabajo por Alemania, tuvimos la 

oportunidad de presenciar el movimiento de un puente en construcción por el Sistema de 

Lanzamiento.

Desde aquel momento se nos creó una obsesión: el reto técnico de poder realizar en 

México uno equivalente.

Cinco años después, en los inicios de los 80 ‘ y luchando contra el mayor obstáculo 

posible - la tradición de tantos años -, se empujaba con todo éxito en Tula, el primer 

puente de este tipo, logrando con ello en México, no sólo introducir esta tecnología, sino 

iniciar una nueva época de apertura a los sistemas modernos de construcción de 

puentes.

Por lo anterior deseo agradecer especialmente a quienes, desde un principio, me 

tuvieron la confianza, e hicieron posible iniciar el sistema en nuestro país.

I.C. Eduardo Barousse Subdirector General de Construcción , Ferronales.
I.C. Horacio Zambrano Director General de Carreteras Federales, S.C.T.
Dr. Leonardo Fernández Carlos Fernández Casado, S.A. Madrid, España
Dr. Javier Manterola Carlos Fernández Casado, S.A. Madrid, España
Dipl. -Ing Werner Eberspächer (+) Eberspächer  GmbH. Stuttgart, Alemania
Dipl. -Vwt. Wolfgang Eberspächer Eberspächer  GmbH. Stuttgart, Alemania

Se desea así mismo expresar el agradecimiento y colaboración a los contratistas 

ejecutores de las obras de este tipo que hasta la fecha se han construído: Constructora 

Maíz Mier, S.A., Preesforzados Nacionales, S.A  y  Grupo Mexicano de Desarrollo, S.A.

Juan del Avellano
Ingeniero Civil

Octubre 1993

Prefacio
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Introducción

E l  d ocumen to  que  a  

continuación se presenta tiene 

como objeto,  in t roduci r  a l  

ingeniero en forma muy general, 

al conocimiento del sistema de 

construcción de puentes  más 

tecnificado, simple y económico 

que existe actualmente en el 

mu ndo ,  es  dec i r  e l  de  

LANZAMIENTO POR 

INCREMENTOS SUCESIVOS 

(Empujado). 

Es te  proced imiento  fue  

desarrollado y perfeccionado 

en Alemania en los años 70’  e 

introducido en México por la 

e m p r e s a  M e x i c a n a  d e  

Presfuerzo, S.A de C.V en 1979 

en la construcción del puente 

“Río Tula” para la Dirección de 

Construcción de Vías Férreas, 

de la S.C.T.

Es relevante mencionar que a la 

fecha se han construido en el 

país con todo éxito, los 

siguientes puentes con este 

sistema:

Rio Tula :  496  m

Dir. General de Vías Férreas

Atoyac : 496 m

Dir. General de Vías Férreas

Badiraguato : 224 m

Dir. General de Carreteras 

Federales

La Marquesa : 340 m

Dir. General de Carreteras 

Federales

Atenquique I  y  II : 320  y  

438 m

Dir. General de Carreteras 

Federales

Huixquilucan : 318 m

Gob.  del Edo de México
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Idea Básica

La superestructura se fabrica en 

tramos de dovelas de una 

determinada longitud en un 

Parque de Prefabricación atrás 

de un estribo en el eje del 

puente.

Cada dovela subsecuente se 

cuela directamente contra la 

anterior en un molde fijo, de tal 

forma que, cuando el concreto 

ha endurecido y ha sido 

presforzado, la estructura 

resultante se avanza  por medio 

de unos dispositivos hidráulicos 

especiales.

A

B

C
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Habiendo comprendido la IDEA BASICA 

anterior, queremos ahora explicar el 

comportamiento estructural del puente en 

sus fases, tanto de construcción como 

terminado, a fin de definir el EQUIPO 

AUXILIAR necesario para su construcción, 

así como la definición  de sus componentes 

para la operación.

Durante el lanzamiento del puente, la 

superestructura está sujeta continuamente a 

cambios en la ley de momentos flexionantes 

correspondientes a los máximos de peso 

propio, de tal forma que cualquier sección 

transversal se mueve de zonas de momentos 

positivos a zonas de momentos negativos y 

viceversa, ocurriendo que los esfuerzos de 

tensión se presentan alternadamente en la 

parte superior e inferior de cada sección.

La consecuencia de este hecho es disponer 

de un presfuerzo constante y recto, alojado 

en las fibras superiores e inferiores de la 

estructura , que sea capaz de soportar la gran 

amplitud de momentos exigida por la 

envolvente, al moverse el puente por todas 

las pilas durante la construcción.

A este presfuerzo se le denomina 

CENTRICO.

Al terminar el empujado se le añadirán otras 

familias de cables de CONTINUIDAD, que 

compensarán los momentos negativos  de 

sobrecarga vehicular, no absorbidos por el 

presfuerzo CENTRICO.

La superestructura será de sección cajón, 

con una relación de esbeltez de 15 a 17, 

siendo el primer valor para claros mayores y 

el segundo valor para claros menores.

Procedimiento  Constructivo

a

M -

a

M +

Cables de continuidad

Cables céntricos en losa inferior

diafragma

Cables céntricos en losa superior
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Los claros más usuales utilizados en este 

sistema oscilan entre 30 y 60 m. Cabe 

mencionar que es muy ventajoso desde el 

punto de vista de diseño que todos los 

claros sean iguales, excepto los extremos 

que no deberán exceder al 75% de los 

claros tipos.

Por otra parte en la construcción se 

presenta un problema muy específico del 

sistema en cuestión, cuando un claro 

entero esta en voladizo durante las fases 

de empujado. En este caso el momento 

flexionante máximo será  precisamente 

PL/2, siendo P la carga de peso propio que 

constituye la carga más importante del 

puente. Esta situación es totalmente 

inadmisible para un planteamiento 

económico del procedimiento, por lo cual 

se dispondrá de un elemento metálico 

denominado NARIZ DE LANZAMIENTO, 

sujeto a la parte delantera de la estructura 

, cuya misión será evitar la ménsula de 

concreto en el vano, ya que la NARIZ 

alcanza la siguiente pila cuando el 

concreto de la superestructura no ha 

adquirido suficiente longitud para producir 

una ley de momentos flexionantes 

elevada.

E l  t a m a ñ o  d e  l a  N A R I Z  D E  

L A N Z A M I E N T O  s e  p l a n t e a  

económicamente entre 50% y 60% del 

claro libre, siendo el primer valor más 

usual para puentes de ferrocarril y el 

segundo valor para puentes carreteros.

75% L

Estribo 
Fijo

Estribo 
Móvil

L económico entre 30 y 60 m

75% LL L L L L L

banqueta

faldón
h

B

b

50 a 60% de L

 L

Nariz de lanzamiento metálica
w  = 1T/ml a 2 T/ml

L
H
__= 15 a 17
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Los elementos auxiliares necesarios para la 

construcción de un puente por este sistema 

son:

� Parque de Prefabricación
� Nariz de Lanzamiento
� Sistema de Empujado
� Apoyos Deslizantes

Se compone de tres partes o zonas:

Zona I : Donde se fabrica la parte inferior 

del cajón, o sea la losa de fondo

Zona II : Donde se fabrica la parte superior 

del cajón, o sea las almas y vuelos

Zona III: Es una transición entre la Zona II y 

el Estribo de Empuje, cuyo objeto es que el 

puente tenga suficiente longitud y 

contrapeso para que éste no vuelque antes 

de que la Nariz alcance la primera pila

Equipo Auxiliar Necesario

Parque de 
Fabricación

TAMAÑO DE DOVELAS ENTRE 15 Y 25 M

ESTRIBO
DE EMPUJE

ZONA IIIZONA II

ZONA I
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El tamaño de la dovela y en 

consecuencia el del molde 

suele variar entre 15 y 25 m, 

dependiendo esto realmente 

de la longitud total del puente. 

Si éste es muy largo, se 

justificará una mayor longitud 

de molde y viceversa.

Los moldes para la fabricación 

de la dovela, tanto en la Zona 

I, como en la Zona II, deberán 

ser 

autocolapsables y movibles a 

fin de facilitar las maniobras 

de encofrado y desencofrado 

sistemático en el Parque de 

Fabricación.

Es especialmente importante 

la suela metálica en la Zona I, 

que constituye el encofrado 

inferior del patín, cuya 

nivelación deberá realizarse 

con una precisión de 0.5 a 1 

mm. Este patín servirá 

MOLDES AUTOCOLAPSABLES EN ZONA II

Suela de corrimiento fija, 
precisión en nivelación
0.5 a 1 mm

MOLDES AUTOCOLAPSABLES EN ZONA I
7

para deslizar el puente, sobre 

los apoyos y cuanto mayor 

sea el error en la nivelación, 

mayor será la fuerza de 

empuje necesaria, por el 

incremento de rozamiento y , 

en el caso de que ambos 

patines sean diferentes, 

existirá una tendencia a la 

desviación lateral del puente 

durante el empujado.



entre las dos almas o vigas 

metálicas no debe cubrir más 

que las necesidades al pandeo 

de los patines superior e inferior.

En la parte delantera de la nariz, 

en la zona de aproximación  a 

las pilas, se instalarán unos 

gatos especiales, cuyo objetivo 

es recuperar la flecha de peso 

propio  que toma la ménsula al 

llegar a la pila. 

En la parte trasera se efectúa la 

unión de la nariz con el concreto 

de 

la superestructura. Esa unión 

deberá ser capaz de transmitir 

la f lexión y el  cortante 

producido por la reacción de la 

pila en la nariz. 

La flexión es de dos tipos: 

f l e x i ó n  n e g a t i v a  q u e  

corresponde al peso propio de 

la Nariz y que es la más 

pequeña. Flexión positiva, que 

corresponde a la reacción de la 

pila y que es la más importante.

Ambas flexiones se toman con 

p r e s f u e r z o  a  l a  

superestructura. El cortante se 

transmite a través de los 

dientes de concreto dejados en 

la superestructura.

Nariz de
Lanzamiento

Módulo 3 Módulo 2 Módulo 1

Ala vertical

Arriostramiento
transversal

Vista superior
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Es una estructura metálica 

no rma l ,  de  p re fe renc ia  

fabricada en varias secciones 

para facilitar su transporte a la 

obra. Deberá unirse “in situ” 

con tornillos calibrados o bien 

con soldadura que garantice 

a u s e n c i a  m o v i m i e n t o s  

relativos entre las secciones.

El patín inferior de las vigas 

metálicas debe ser previsto, en 

su parte exterior, de una ala 

v e r t i c a l  q u e  s i r v e  d e  

encarrilador del puente sobre 

los topes laterales de los 

apoyos deslizantes.

El arriostramiento transversal 



Dientes de concreto

Presfuerzo entre nariz metálica y concreto

Nariz de lanzamiento metálica

Dispositivo hidráulico
al frente de la nariz

Recuperación de flecha
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Sistema
de Empujado

Actualmente con la alta 

tecnología hidrául ica, el  

sistema de empujado está 

totalmente controlado y cabe 

mencionar en este documento, 

que su depuración operativa  

tiene al menos 20 años, por lo 

que nuestra sugerencia es no 

tratar de inventar algo diferente 

a lo existente y concentrar  los 

esfuerzos en una buena 

planeación de obra.

Los equipos modernos de 

empuje se componen de un 

cilindro vertical que levanta el 

puente, conectado a unos 

cilindros horizontales que lo 

empujan.       

El cilindro vertical asciende 4 ó 

5 mm, con lo que recibe una 

gran carga vertical y en 

consecuencia transmite una 

carga horizontal  por el 

rozamiento que existe con el 

concreto.

A continuación se ponen en 

m a r c h a  l o s  c i l i n d r o s  

horizontales que empujan 

hacia adelante movilizando al 

conjunto cilindro vertical más 

puente, del orden de 25 cm. Al 

terminar este ciclo el cilindro 

vertical desciende, se libera del 

puente y el conjunto horizontal 

Cilindro horizontal

Cilindro vertical

ESTRIBO

SUPERESTRUCTURA
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se retrae llevando consigo al 

cilindro vertical.

Este ciclo tarda aprox. 2 min y el 

lanzamiento de una dovela del 

puente  de  20 m es del orden de 

3 horas.

El equipo de lanzamiento 

permite, además de mover el 

p u e n t e  h a c i a  a d e l a n t e ,  

regresarlo a voluntad . Esta 

operación complementaria es 

absolutamente indispensable 

en la ejecución  de la obra, para 

poder corregir ciertos errores en 

el alineamiento, al aproximar la 

nariz a las pilas o ante cualquier 

maniobra falsa.



En todos los puntos donde el 

puente se apoya, ya sean pilas, 

estribos y la Zona III ,  en el 

Parque de Prefabricación , se 

d i s p o n d r á n   A p o y o s  

Deslizantes.

Estos apoyos están formados 

por un bloque de concreto 

fuertemente armado de 15 a 35 

c m  d e  e s p e s o r  y  

perfectamente nivelado, sobre 

el que se asienta una chapa de 

acero inoxidable especial 

tensada. Sobre esta chapa se 

d i s p o n e n  u n a s  

A L M O H A D I L L A S  d e  

neopreno-teflón de 10 a 13 mm 

de espesor. 

La parte de neopreno va en 

contacto con el concreto de la 

losa inferior y la de teflón con el 

acero inoxidable. En su 

movimiento, el puente arrastra 

la almohadilla hacia adelante 

hasta que la expulsa y puede 

volver a introducirse por detrás.

Lateralmente se provee en el 

apoyo una guía metálica y 

almohadillas verticales,  para 

encarrilar al puente en su 

movimiento longitudinal.

El coeficiente de rozamiento 

entre teflón y acero inoxidable 

suele ser del 5 %, sin embargo , 

al aplicarle al teflón  silicón y 

mantenerlo limpio de polvo y 

pequeñas incrustaciones, el 

rozamiento baja hasta 1%  ó   

2%.

Una vez que el proceso de 

lanzamiento ha terminado se 

levanta el puente con gatos 

e s p e c i a l e s  d e  t a m a ñ o  

reducido, apoyados en unos 

nichos en la parte superior de 

las pilas y se sustituyen los 

apoyos provisionales por 

definitivos.

Apoyos 
Deslizantes
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Situación definitiva del puente

longitudinales, tales como 

s i s m o ,  f r e n a j e  y  

d e f o r m a c i o n e s  p o r  

temperatura; de allí que se 

deberá revisar el estribo en 

cuestión para soportar estas 

s o l i c i t a c i o n e s ,  o  b i e n  

mediante algún art i f icio 

adicional complementar su 

capacidad. En forma práctica 

esto se resuelve mediante un 

s i s t e m a  d e  a n c l a s  

presforzadas que fijan el 

estribo al terreno natural 

aumentando su capacidad. 

En operación el puente será 

una estructura continua, 

apoyada sobre p i las y 

estribos, básicamente con dos 

restricciones, una longitudinal 

y otra transversal.

La restricción longitudinal se 

hará fijando el puente al 

estribo, normalmente al  de 

empuje, por comodidad y 

economía.

La fijación tendrá como 

objetivo transmitir al terreno 

l a s  f u e r z a s  a c t u a n t e s  

La restricción transversal 

tiene por objetivo impedir que 

la estructura se desplace en 

esa dirección , básicamente 

por las acciones del viento y 

sismo. Esta restricción se 

logra  mediante guías 

laterales integradas en los 

apoyos definitivos. A estos 

apoyos se les denomina 

unidireccionales , ya que 

permiten el movimiento 

longitudinal del puente para 

no inducir momentos a las 

p i l a s  y  r e s t r i n g e n  e l  

movimiento transversal.

Apoyos unidireccionales

Apoyos multidireccionales

ESTRIBO MOVIL
ESTRIBO FIJO

Dispositivo de fijación
del puente al estribo

0.75 de L 0.75 de LL L L L
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Ciclo de Trabajo

La enorme ventaja del sistema en 

c u e s t i ó n ,  e s  p r o b a b l e m e n t e  l a  

racionalización de todas las actividades 

involucradas en la ejecución del puente, ya 

que éstas pueden ser controladas 

separadamente por el constructor, sin que 

un frente determinado se convierta 

necesariamente en actividad crítica.

Para cumplir con la afirmación anterior nos 

permitimos sugerir la siguiente secuencia 

de actividades:

- Preparación del Equipo Auxiliar 

necesario, tal como moldes, nariz de 

lanzamiento, apoyos deslizantes y 

definitivos y el sistema de lanzamiento.

- Construcción del parque de 

prefabricación y estribo de empuje. 

- Construcción de las pilas, como frente 

independiente, iniciando 

necesariamente por el cadenamiento 

en el sentido del empujado del puente 

y acabando en el estribo opuesto al 

de empuje.

- Instalación del equipo auxiliar

- Iniciación  del ciclo semanal de 

fabricación de dovelas con las 

operaciones que se detallan en el 

esquema inferior

- Desmontaje de la nariz de 

lanzamiento

- Colado de diafragmas

- Tensado de cables de continuidad e 

inyectado de ductos

- Amarre longitudinal del puente

- Colocación de Apoyos Definitivos.

- Colocación de Juntas de Calzada o 

Dilatación

ACTIVIDAD

1
Aflojar moldes 
en zonas I y II

Tensado de cables

Operación de lanzamiento

Ajuste de moldes 
en zonas I y II

Colocación de acero de refuerzo 
y de presfuerzo zonas I y II

Colado zona I y II

Fraguado del concreto

2

3

4

5

6

7

L M M J V S D
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Estamos convencidos que el sistema de LANZAMIENTO POR INCREMENTOS 

SUCESIVOS, dentro de su rango de aplicación, es actualmente la mejor 

solución técnica y económica para construir puentes; sin embargo también 

hemos mencionado que, la elección del tipo de puente, está compuesta por un 

sinnúmero de variables, para encasillarse sólo a un procedimiento de 

construcción, es por ello que nuestra empresa estudia constantemente nuevas 

alternativas de ejecución para satisfacer ampliamente las demandas del 

constructor.

Conclusiones
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Incrementally Launched Bridges 
Bali - Hsintien Expressway, Contract C 805, Taiwan 

Incrementally Launched Bridge 

Client 
The Hwang Chang Construction 
Company, Taiwan. 
 
Project 
Bali - Hsintien Expressway, Contract  
C 805; incrementally launched steel 
box girder bridge, Taiwan.  
 
Services 
Construction engineering design and 
support services for the incrementally 
launched steel box girder bridge.  
 
Services period: 2006 - ongoing  
 
Background 
Expressway Contract C 805 includes  
a 900 m long steel box girder bridge, 
22.8 m wide & 2.8 m deep. C 805 is 
being constructed by the incremental 
launching method in two directions  
300 and 600 m long; in 45 m spans. 
 
Services provided to Hwang Chang 
Construction include: 
- computer simulation of the launching  
  operation to check stresses during  
  the launching and in the final state  
  under service 
- precamber calculations based on  
  the final construction procedure 

 
- design the fabrication platform and  
  platform foundations 
- shop drawings for the take over  
  structure 
- planning the incremental launching  
  operations 
- design and specifications for the  
  launching system 
- design of the temporary launching  
  bearings 
- design the bridge guidance system  
  during launching 
- design the earthquake restraining  
  system for the superstructure during  
  launching  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
- assist Hwang Chang prepare the  
  incremental launching operation  
  method statement 
- strengthen the steel deck to be 
  suitable for launching 
- design the launching nose 
- launching nose shop drawings  
- hydraulic specifications for the  
  launching nose 
- site supervision during the first  
  launching operation 
- consulting services during the  
  construction process 
- provide value engineering services  
  to optimize the construction costs 
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Incrementally Launched Bridges 
Taiwan High Speed Rail Project, Contract C 260,  

Incremental Launching Method 

Client 
THSRC; the Taiwan High Speed Rail 
Corporation; the BOT concessionaire 
company responsible for the 345 km 
high speed rail project between Taipei 
and Kaohsiung. 
 
Project 
Design and Construct C 260; for the 
joint venture of Bilfinger Berger and 
Continental Engineering. 
 
Services 
- Launching equipment design and  

fabrication 
- Formwork mould design 
- Casting yard design 
- Subcontractors consultant 
- Specialist consulting services 
 
Services period : 2001 – 2003 
 
Background 
The design and construct bridges in 
C 260 were located on the high speed 
railway alignment close to Taichung. 
 
Services were provided to plan and 
design the casting yards for several 
incrementally launched prestressed 
concrete bridges on C 260. 
 

Black Stone Construction was the 
specialist subcontractor appointed  
for the bridge construction works. 
 
The prestressed concrete box girders  
were designed to be constructed by 
the incremental launching method. 
 
Services were provided to design the 
casting yards; which included a highly 
automated formwork casting system. 
 
Specialist consulting services were 
provided to Black Stone to support  
the incremental launching activities 
for Contract C 260. 
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Incrementally Launched Bridges 
Second Freeway, Contract C 345, Taiwan  

Incrementally Launched Bridge 

Client 
Black Stone Construction, Taiwan.  
 
Project 
Second Freeway, Contract C 345, 
Taiwan. 
 
Services 
- Launching equipment design  

and fabrication 
- Formwork mould designs 
- Casting yard design 
- Construction planning 
- Construction consulting 
- Construction supervision 
 
Services period 
1999 - 2001 

 
Background 
Services were provided to the Black 
Stone contractor for construction of 
two parallel; single cell prestressed 
box girders for the Second Freeway  
C 345 between Yun Lin and Chia Yi. 
 
The Incrementally Launching Method 
( ILM ) was used for the construction; 
the 13 span girder was 560 m long, 
16.1 m wide and consisted of spans 
of 34 m + 11 x 44 m + 42 m.   
 
The 30 m long steel nose beam was 
stressed to the front side of the box 
girder during construction. 
 

 
The scope of work consisted of the 
construction stage and final stage 
analysis, prestressing instructions, 
temporary support design and the 
nose beam stressing. 
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Incrementally Launched Bridges 
Second Freeway, Contract C 323, Taiwan  

Incrementally Launched Bridge 

Client 
Taiwan Area National Expressway 
Engineering Bureau, ( TANEEB ). 
 
Project 
Second Freeway, Contract C 323. 
 
Services 
-  Special construction method 
-  Launching equipment design  

 and fabrication 
-  Construction planning 
-  Consultant to TANEEB 
-  Construction supervision 
 
Services period : 1997 – 2000  

Background 
Services were provided to TANEEB 
for the Second Freeway Contract  
C 323 constructed by the ILM; the 
Incrementally Launching Method. 
 
Services were also provided for the: 
-  design and fabrication of the  

bridge launching equipment 
-  supervision during the bridge 

launching operations 
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Incrementally Launched Bridges 
Second Freeway, Contract C 360, Taiwan  

Incrementally Launched Bridges 
Client 
Kung Hsin Contractors, Taiwan. 
 
Project 
Second Freeway, Contract C 360, 
Taiwan. 
 
Services 
-  Launching equipment design  

 and fabrication 
-  Formwork design 
-  Construction planning, consulting 

 and supervision 
-  Construction stage calculations 
 
Services period 
1996 – 1999  
 
Background 
Incremental launching equipment 
was designed for the construction of 
two parallel; single cell prestressed 
concrete box girders for the Second 
Freeway Contract C 360. 
 
The services included the: 
-  formwork design 
-  fabrication inspection 
 
Equipment services comprised of: 
-  design of casting yard formwork 
-  design of launching equipment 
-  specifications for the launching          

equipment 
-  design of launching bearings 
-  design of the steel nose beams 
 
Services also included for the:- 
-  construction planning 
-  construction consulting 
-  construction supervision 
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Incrementally Launched Bridges 
2nd Freeway / Taoyuan International Airport Interchange 

Incrementally Launched Bridge 
Client 
Taiwan Area National Expressway 
Engineering Bureau, ( TANEEB ). 
 
Project 
2nd Freeway / Taoyuan International 
Airport Interchange. 
 
Services 
-  Design consultant to TANEEB 
-  Strengthening & stress analysis 
-  Technology transfer 
 
Services period : 1996 
 
Background 
The original Airport Interchange had  
a trumpet type layout, however during 
the expansion of the 2nd Freeway, a 
new design was adopted. There are 
two loop ramps, one for south bound 
traffic and the other for north bound 
traffic onto the 2nd Freeway. 
 
Detailed design consultant services 
were provided to TANEEB for the  
single cell prestressed box girder  
interchange; and the details were: 
-  300 m long 
-  8.6 m wide 
-  small radius of 500 m 
-  8 spans 
-  56 m maximum span 
 
During the launch signs of distress 
were detected in the piercap of Pier 
No. 7 and construction was halted. 
This was resolved by replacing two 
bearings directly below the viaduct 
webs with one large bearing placed  
in the middle. 
 
The diaphragm was then designed  
to adopt this change and the pier  
was reinforced with a steel jacket  
extending down to the foundation. 
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Incrementally Launched Bridges 
First System Interchange, Taiwan  

Incrementally Launched Bridge 
Client 
Taiwan Area National Expressway 
Engineering Bureau, ( TANEEB ). 
 
Project 
First System Interchange, Taiwan. 
 
Services 
- Contractor consultant 
- Construction stage calculations 
- Casting yard designs 
- Camber calculations and bearing 

presets 
- Shop drawings 
 
Services period 
1991 – 1995  
 
Background 
Three structures were constructed  
for the First System Interchange  
using the ( ILM ); the Incrementally 
Launching Bridge Method which  
was designed with precast panel  
supported cantilevers. 
 
The First System Interchange had  
an overall deck length of 915 m and 
width of 16.4 m. 
 
Responsibilities also included the: 
-  basic design  
-  detailed design  
-  structural design  
-  construction engineering  
-  construction supervision. 
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Incrementally Launched Bridges 
Chang Shu Li Bridge, Second Freeway, Taiwan 

Balanced Cantilever Bridges  

Client 
The Taiwan Area National Expressway 
Engineering Bureau, ( TANEEB ). 
 
Project 
Chang Shu Li Bridge on the Second 
Freeway, Taiwan. 
 
Services 
- Preliminary and detail design  

consultant to Sinotech 
- Technology transfer 
Services period 
1991 - 1993  
 
Background 
The balanced cantilever method was 
selected for on the construction of the 
372 m long Chang Shu Li Bridge.  
 
The bridge being constructed in a  
segmental manner from fixed piers 
gradually advancing out, segment by 
segment until the completion of the 
whole bridge. 
 
The project scope was for two balanced 
cantilever bridges 372 m long, 16.4 m 
wide, with a maximum span of 50 m. 
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Incrementally Launched Bridges 
Tou Chien Bridge, Second Freeway, Taiwan  

Incrementally Launched Construction 

Client 
Taiwan Area National Expressway 
Engineering Bureau, ( TANEEB ). 
 
Project 
Construction support services and 
the design of the four sets of ILM 
equipment for the Second Freeway 
Tou Chien Bridge. 
 
Services 
- Consultant services  
- Construction supervision 
- Shop drawings 
- Construction stage design 
- Equipment design 
- Casting yard design  
- Bearing presets calculations 
 
Services period 
1990 – 1992  
 
Background 
The Tou Chien Bridge was the first  
freeway bridge in Taiwan that was 
constructed using the incremental 
launching method and the design  
of four sets of  ILM equipment was 
part of the services.  
 
Proceeding north on the Tou Chien 
Bridge, the road crosses the Tou 
Chien River, the Neiwan rail line, 
Highway No. 68 (Nanliao - Jhudong 
Expressway) to Jhulin Interchange; 
then climbing up with the terrain to  
enter the mountainous border area 
between Cyonglin and Guansi 
 
The 793 m long bridge comprised  
of 2 parallel prestressed concrete  
box girders each 16.5 m wide. 
 
The bridge had 18 spans, of which  
15 were a standard span of 46.5 m 
which was constructed using four 
incrementally launching viaduct  
structures; each 400 m in length. 
 
The feasibility study and the detail 
design was earlier undertaken for 
Tou Chien Bridge in 1986 to 1987. 
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Incrementally Launched Bridges 
Tou Chien Bridge, Second Freeway, Taiwan  

Incrementally Launched Design 

Client 
Taiwan Area National Expressway 
Engineering Bureau, ( TANEEB ). 
 
Project 
The feasibility study and the detail 
design for the Tou Chien Bridge. 
 
Services 
- Feasibility study 
- Detailed design 
 
Services period : 1986 – 1987 
 
Background 
The 793 m long bridge comprised  
of 2 parallel prestressed concrete  
box girders each 16.5 m wide. 
 
The bridge had 18 spans, of which  

15 were a standard span of 46.5 m 
which was constructed using four 
incrementally launching viaduct  
structures; each 400 m in length. 
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SUMMARY 

Bridge construction over deep valleys, water crossings with steep slopes, or environmentally 
protected regions can offer many challenges.   The incremental launching method (ILM) for 
bridge construction may offer advantages over conventional construction, including creating 
minimal disturbance to surroundings, providing a more concentrated work area for 
superstructure assembly, and possibly increased worker safety given the improved erection 
environment.  The ILM involves assembly of the bridge superstructure on one side of an obstacle 
to be crossed, and then movement (or launching) of the superstructure longitudinally into its 
final position.  Despite potential advantages for certain situations, the use of the ILM for bridge 
construction has been very limited in the United States.  The objective of the work summarized 
in this report was to provide bridge owners, designers, and contractors with information about 
the ILM, including applications, limitations and benefits.   
 
To clarify the ILM procedure and the current state of practice, a comprehensive literature search 
and survey were conducted.  Recommendations pertaining to best practices for planning, design, 
and construction activities, as well as applications and limitations for the ILM are also provided.  
Case studies are presented, which provide specific ILM bridge project information.  The use of 
the ILM for bridge construction will never be the most efficient way to construct every single 
bridge.  However, it is thought that a wider understanding of the applicability and potential 
benefits would allow potential owners, designers, and contractors to make well-informed 
decisions as to its use for their upcoming projects. 
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INTRODUCTION 

Bridges have been constructed using the incremental launching method (ILM) for many years. In 
this method of construction, the bridge superstructure is assembled on one side of the obstacle to 
be crossed and then pushed longitudinally (or “launched”) into its final position. The launching 
is typically performed in a series of increments so that additional sections can be added to the 
rear of the superstructure unit prior to subsequent launches. The launching method has also been 
applied to tied-arch or truss spans, although these are fully assembled prior to launching.  

The incremental launching method will never become the most economical procedure for 
constructing all bridges. The ILM requires a considerable amount of analysis and design 
expertise and specialized construction equipment. However, the ILM may often be the most 
reasonable way to construct a bridge over an inaccessible or environmentally protected obstacle.  

When used for the appropriate project, the ILM offers a number of significant advantages to both 
the owner and the contractor, including the following:  

• Minimal disturbance to surroundings including environmentally sensitive areas 
• Smaller, but more concentrated area required for superstructure assembly 
• Increased worker safety since all erection work is performed at a lower elevation  

 
The ILM can be used to construct a bridge over a wide range of challenging sites which feature 
limited or restricted access, including those with the following characteristics: 

• Deep valleys 
• Deep water crossings 
• Steep slopes or poor soil conditions making equipment access difficult 
• Environmentally protected species or cultural resources beneath the bridge 

 
It is estimated that over 1,000 bridges worldwide have been constructed using the incremental 
launching method. Swanson (1979) states that the first incrementally launched highway bridge in 
the United States was constructed near Covington, Indiana in 1977. One of the earliest published 
reports in North America, however, describes the construction of a railroad truss span for the 
Canadian Pacific Railway in 1907. Despite the advantages listed, the incremental launching 
method of construction has seen very limited application in the United States. The reason for this 
disparity is unclear and it is one of the goals of the proposed work to ascertain the reasons for 
and attempt to eliminate this potential “knowledge gap” for bridge owners, designers and 
contractors. Specifically, the project objective is to provide bridge owners, designers, and 
contractors with information and understanding about the ILM, including applications and 
benefits. 
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REVIEW OF CURRENT PRACTICE 

In order to better understand the current state of practice within the United States and the world, 
the research team conducted a comprehensive literature search 

In addition, a survey was conducted of all members of the AASHTO Subcommittee on Bridges 
and Structures (which included all state bridge engineers) to attempt to understand how much 
they understand about the incremental launching method and where the current study may be 
most useful to them in considering future projects. 

Literature Review 

The following information is provided as an overview of the technical literature available on the 
topic of incremental launching; the coverage is broad and includes historical background, studies 
(primarily analytical) that focus on detailed technical issues related to the launch process, 
structural monitoring of the launch process, and brief incremental launch project descriptions 
that provide overview information.   

Background 

It is estimated that over 1,000 bridges worldwide have been constructed by the incremental 
launching method (Gohler 2000), the vast majority of which have been post-tensioned concrete 
box girder bridges. Their main application has been in Europe, but the method has now spread 
around the world and the technology has been applied to steel I-girder and box girder bridges as 
well. 

In the early 1960s, the “modern” approach to launching concrete bridges was developed. The 
first concrete bridge constructed by launching was built over the River Caroni in Venezuela and 
was completed in 1963 (Podolny 1982; Baur 1977). The bridge was a post-tensioned concrete 
box girder bridge with a main span of 315 ft. The construction of this bridge was considered so 
successful that the launching method was utilized to construct a nearly identical bridge a few 
years later. 

The first steel bridge to be launched in the United States is believed to be a Kansas City Southern 
Railroad box girder bridge near Redland, OK in 1970 (Durkee 1972). The nine-span continuous 
bridge is 2,110 ft. long with a main span of 330 ft. This bridge was launched in two trains, one 
from each side of the river. Closure of the bridge was accomplished at mid-span of the main 
span. 

This method of construction can be applied to bridges made of either steel or concrete materials. 
The vast majority of concrete bridges built by the ILM were cast in stationary forms behind an 
abutment.  Each new segment is cast directly against the preceding one; then, once proper curing 
has taken place, the entire structure is launched to create sufficient room for casting the 
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subsequent segment. A steel bridge constructed by ILM is completely assembled (typically one 
span or more at a time), including steel cross frames and bracing, prior to launching operations. 

During the launching operation, the bridge superstructure is supported by a series of rollers or 
sliding bearings. These rollers are removed following the launching and the bridge is lowered to 
rest on permanent bearings identical to those used for a conventionally constructed bridge. The 
thrust required to launch the bridge forward can be provided by a variety of jacking systems, 
including hydraulic pistons or hollow-core strand jacks more commonly used for post-
tensioning. 

In order to reduce the cantilever moments and the amount of deflection that occurs during 
launching operations, one of two systems (and sometimes both) may typically be employed. The 
contractor can construct a tapered launching nose on the leading end of the girders. The 
launching nose reduces the dead load of the cantilever span and utilizes its tapered profile to 
assist in “lifting” the mass of the girders as they are launched forward onto the landing pier. In 
other cases, the contractor may elect to use a kingpost system utilizing temporary stays to reduce 
the deflection of the leading end of the girders during launching. 

It is more economical, and thus more common, to perform all launching operations from one end 
of the bridge. This permits the contractor to utilize only one set of jacking equipment and 
supporting rollers or sliding bearings. There have been examples, however, where the contractor 
has elected to launch the bridge superstructure from both ends of the bridge and join the two 
cantilevers somewhere near the center of the bridge. 

The launching of bridges made of concrete requires a somewhat different set of solutions than 
those required for steel bridges. The design of the post-tensioning system must consider not only 
the in-place dead load stresses, but also the considerable stress reversals that occur during 
launching. Although the steel superstructure is considerably lighter than concrete, there are a 
number of issues related to large contact stresses applied to the girder bottom flange as well as 
the torsional stiffness of an open section, such as an I-girder, that must be addressed by the 
designer.  

Historical Studies 

Perhaps some of the best known examples of bridges constructed by incremental launching are 
the Bailey Bridges, which were used by Allied military forces during World War II. The Bailey 
bridge system consists of three main components (truss panels, transoms or floorbeams, and 
stringers). Each unit, when assembled, creates a single, 10-foot-long section of bridge with a 12-
foot-wide roadway. After each such unit is complete, it is typically launched forward over rollers 
on the abutment and another section is built behind it. The two are then connected with pins 
pounded into holes in the corners of the panels. Additional load capacity can be developed by 
adding truss panels outboard of the first, stacked vertically, and sometimes both. The 
components are light enough to be assembled by infantry troops and launched by pushing with a 
truck or tracked vehicle (McLaughlin 2005). The success of this system is proven by the fact 
that, more than 60 years later, a number of temporary bridging systems currently in use around 
the world continue to borrow heavily from the Bailey Bridge concept.  
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The use of incremental launching is not limited to highway structures. In fact, the use of 
innovative construction methods to reduce the amount of “down time” for installation has been 
common in the railway industry almost since its inception. 

In October 1907, the Canadian Pacific Railway launched a 415-foot span through-truss bridge 
over the French River near Sudbury, Ontario (Monsarrat 1908). Due to the deep water at the site, 
the entire truss span was erected on the north approach embankment and launched into its final 
position using “two specially constructed steel pulley blocks having fourteen sheaves each, 
through which was reaved a 5/8 inch diameter steel wire cable and powered by a 32 horsepower 
Beatty hoisting engine capable of pulling 8,000 pounds on a single line.”  It should be noted that, 
although the equipment employed for bridge construction has been considerably improved in the 
past century, the basic launching technique has not really changed significantly. 

The first major steel-deck railway bridge in America was constructed by incremental launching 
and opened to traffic in June 1971. The bridge consists of a continuous box-girder structure with 
nine spans ranging from 175 to 330 feet in length. The bridge was launched from both directions 
and joined at the center of the 330-foot span. The bridge plans and specifications called for the 
box-girder sections to be erected using incremental launching. However, during bid preparation, 
limited time was invested in the consideration of specific details of the launching procedure, 
which proved to be costly later in the project. Sliding-type supports were found to have 
limitations and on future operations the contractor would give serious consideration to the use of 
articulated roller-type supports (Durkee 1972). 

A temporary roadbed and railway track were installed behind each abutment to accommodate 
“erection dollies,” or trucks on which the girder sections were erected and launched. During 
early launches, lateral deflection of the girder due to the sun’s heat caused considerable 
problems. A lateral misalignment of up to 6 inches was easily eliminated by pulling laterally on 
the leading end of the launching nose. Vertical girder deflections during launching closely 
matched predicted values.  

Detailed erection calculations included both review of maximum cantilever conditions as well as 
the continuous beam condition behind the cantilever portion. In addition, a detailed study of web 
buckling behavior was conducted (Durkee 1972). 

Analytical and Finite Element Modeling Studies 

An important issue pertaining to launched steel girders is the load carrying capacity due to 
concentrated forces. The load on a launched girder is unique because in addition to a bending 
moment, a traveling concentrated load exists, which is applied by the temporary roller bearing. 
The concentrated load, also called a patch load, is transferred from the bottom flange of the 
girder into the web. The support reaction “moves” along the girder each time the launched 
segment passes over a pier bearing. It is important that patch loading does not introduce residual 
deformation or damage to the web plate. The effects of patch loading must be understood in 
order to know what web thicknesses are required. Even small increases in web thickness can add 
great weight and extra costs.  
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In order to better understand the patch loading phenomenon, finite element models were carried 
out on three types of girders: normal, slender and stocky (Granath 2000(B)). The girders were 
modeled with varying bending moments along with traveling concentrated loads to determine the 
ultimate load-carrying capacity for each girder type. The results showed that, when no bending 
moment is applied at the girder ends, the girders could be damaged by a traveling patch load at a 
level of 59 to 68 percent of the ultimate load-carrying capacity. No damage, however, occurred 
to the girders at levels of 42 to 49 percent of the ultimate load-carrying capacity with a similar 
load configuration. The load-carrying capacity was reduced by irreversible deformations caused 
by traveling patch loads. To avoid damage and reduced capacity, the study suggests an 
establishment of serviceability limit state criteria in terms of the attained stress and/or strain 
levels in the web plate. The analyses also showed that the girders experienced damage in the 
form of accumulating plastic deformation at higher load levels. The authors recommended that 
finite element analysis be used to determine the stress distribution at launching bearings for each 
individual launch and that no yielding should be allowed in the web plate, since this may 
accumulate into residual deformations that could be potentially harmful.  

Granath (2000(A)) addresses the issue of establishing a service load level criteria for web plates 
by developing an easy, closed form design method for evaluating steel girders subject to patch 
loading. The method is based on the premise that no yielding is allowed in the web plate. The 
formulas presented in the study were developed by means of finite element methods and 
regression analyses. 

Granath (1998) also evaluated the distribution of support reactions against a steel girder on a 
launching shoe. Reported in this study are the results from laboratory experiments, finite element 
analysis, and analytical calculations. These three evaluation methods focused on the distribution 
of the reaction force when a steel girder is launched on a launch shoe with a slide bearing or 
when a girder is placed on a tilted launch shoe with a polythene slide top plate. The design 
calculations for the pertinent load were performed with equations valid for a uniform distribution 
of bearing stresses. The results of this study indicate that the support reaction was not uniformly 
distributed, but the distribution of pressures can be described with an analytical model and finite 
element models. 

Rosignoli (2002) presented a very detailed discussion of local launch stresses and instabilities in 
steel girder bridges. The author discussed the factors that contribute to a complex state of stress 
in the bottom flange of launched steel girder bridges. These factors include the following the 
movement of a precambered steel girder over launch bearings, thermal gradients in the structural 
steel, torsion and distortion resulting from misaligned launch bearings, local web compressive 
stresses generated by the dispersal of support reactions into girder webs, launch friction, and the 
gradient of the launch plane.  

Rosignoli states that a non-stiffened web panel subjected to a concentrated support reaction 
applied through the bottom flange is affected by three collapse modes that depend on load 
intensity and on the slenderness of the web panel. These modes are local web yielding directly 
above the load, local buckling in the lower part of the web for a vertical depth of about 50 times 
the plate thickness, and general web buckling of the web panel. The author suggests a number of 
equations for checking the adequacy of the girder sections subjected to launch bearing loads. 
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Rosignoli also suggests the design support reaction be increased by at least 30% above the 
maximum theoretical support reaction to account for the expected misalignment of launching 
bearings and geometric irregularities in the bottom flange due to fabrication and assembly 
tolerances.  

Bridge Design Studies  

An excessive amount of calculations can be compiled during the design of a launched bridge due 
to the infinite number of support scenarios during the launching sequence (Rosignoli 1999(B)). 
In practice however a finite number of calculations are completed using closely spaced support 
configurations to acquire, with adequate reliability, an envelope of forces. The transfer-matrix 
method is currently an established algorithm used for determining the bending moment and shear 
forces in a launched bridge. The transfer-matrix limits the risk of mistakes and can easily be 
implemented in a computer program, however, as the launch progresses, the number of 
redundant conditions increases and thusly increases the time and decreases the simplicity needed 
to obtain results. The development of the reduced-transfer-matrix method has allowed for an 
exact, simple, and economical way to solve continuous beams involved in launched bridges. The 
reduced-transfer-matrix uses repetitive manipulations of square matrices, which have very few 
varying terms. The algorithm takes advantage of the repetitiveness of launch bridge segments by 
multiplying small matrices of constant dimension. The reduced-transfer-matrix can be done 
quickly with only a small computer. 

The incremental launching of prestressed concrete bridges produces temporary stresses in the 
deck above fixed bearing locations (Rosignoli 1999(A)). Additionally, as the bridge is launched, 
the deck is needed to resist the same transitory stresses. The cross-sectional moment of inertia 
and web thickness size are affected by these temporary construction stresses and result in 
increased cost of materials. Comparing the cross-sectional dimensions of bridges built by 
incremental launching with other construction methods can allow statistical justification for 
launching prestress concrete bridges and help with presizing new structures. The decks of 
launched bridges have greater depths and uniform thickness over the length of the bridges 
relative to conventionally constructed bridges. The structural efficiency is improved by deeper 
deck depths; however, it also requires larger quantities of structural materials. The higher cost 
associated with increase in material quantities is balanced however, by lower technological cost, 
versatility of launching bridges in a wide range of spans and dimensions, and the increased 
quality of construction in a controlled environment. Since the material cost is directly related to 
the dead load of the precast deck, the cost can be reduced by using external prestressing, light 
weight concrete, high-performance concrete, or a prestressed composite section. 

Rosignoli (1998(C)) also notes that during launching there is a signification difference in stresses 
between that of the support nearest the cantilever end and the rear supports. Generally, in order 
to obtain a cross section at the front stress zone to meet the capacity of the cantilever the entire 
structure would be burdened. Conversely, if the rear stress zone cross section was optimized the 
front section would have inadequate capacity. Due to the cyclical nature of the optimization it 
becomes economical to introduce devices to reduce the stress caused by the cantilever. To 
reduce the front zone stresses, combinations of the three different design solutions have been 
implemented in the past: adding temporary supports or decreasing the clear distance of the 
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existing support, reduce the weight of the cantilever, and/or support the cantilever end. The 
implementation of a launching nose reduces the weight of the cantilever and provides temporary 
support prior to the cantilever reaching its maximum allowable stress. The launching nose acts as 
an extension of the deck and has become a standard design element in the last 30 years. The 
launching nose has proven to be safe, fast, and economical. The nose-deck system is controlled 
by three parameters: the ratio of nose length to cantilever span length, the ratio of nose weight to 
unit weight of front zone deck, and the ratio of flexural stiffness of nose to the stiffness of the 
front zone deck. Rosignoli presents a theoretical model for the optimizing the three parameters 
when designing the launch nose. The launching nose, in nearly all cases, will produce savings in 
structural material when optimized properly. 

Construction Process Studies  

Computer simulation has been performed to replicate the incremental bridge launching process 
(Marzouk 2007). Computer simulation is a useful to tool gain a better understanding of 
scheduling and the ILM process. Analyses can give a contractor a better understanding of time 
delays from limited resources, equipment breakdowns, and working environment issues. 
Incrementally launching bridges are becoming more common because they use significantly less 
temporary falsework than cast-in-place methods. Casting of incrementally launched concrete 
bridges involves three phases: 1) bottom flange and web fabrication, 2) top flange fabrication, 
and 3) the prestressing process. Two different launching procedures have been modeled with the 
computer simulation: single form launching and multiple form launching. 

Single form incremental launching is a method in which the fabrication of the segments to be 
launched is done at one station and then launched. Multiple form launching takes advantage of 
two separate form stations. In the multiple form launching method, more than one segment can 
be fabricated at the same time. This speeds up the fabrication process. 

A specific bridge project in Cairo, Egypt was used as a case study to model an incremental 
launching process. The bridge was built as a single form project in the field, but the computer 
simulation was done both with single form and multiple forms. The computer predicted the 
process would take about 397.1 days to complete fabrication using the single form method. This 
is slightly less than the actual time it took to complete the bridge in the field. The simulation was 
done again as a multiple forms project. The fabrication process was reduced to 374.43 days. The 
benefit of computer simulation is the factors could be changed to simulate different variations in 
the field. It was found that doubling the rebar crew gave a 37.39 day reduction in fabrication. 
Furthermore, if the entire crew is doubled the fabrication process can be completed in 330.14 
days. 

General Studies 

A significant number of steel bridges have been constructed in Europe using the launching 
method. Svensson (2001) points out that the cantilever moments during launching can be six 
times larger than the final support moments on a continuous structure and that the maximum 
cantilever reaction can be greater than twice the regular support reaction after construction. In 
order to prevent local web crippling under these high loadings, it is necessary to use either heavy 
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duty rollers or, as is in the practice in Germany, a sliding bearing which utilizes a Teflon-coated 
neoprene pad beneath the steel girder. Svensson presents a series of examples of steel bridges 
that have been successfully launched including I-girder systems, box girder systems, and, in a 
few cases, steel arch spans all using various types of support systems. 

Incremental launching of bridges is a method that has been used by Russian contractors for over 
twenty years (Zhuravov 1996). ILM is a preferred method for projects with limited construction 
space. Bridges can be entirely launched from one abutment or they can be launched 
simultaneously from both abutments and locked at the midspan.  

The most common launching method in Russia involves using jacks to push the bridge 
horizontally across piers with special sliding devices on supports to lessen friction forces. The 
pushing device is made up of hydraulic jacks and clamps. The superstructure is first clamped 
with a set of steel plates. The jacks then launch the bridge with the help of the clamps. When the 
cycle is complete, the clamps are released and re-attached to their initial position. One cycle can 
push the bridge up to 1.5 m and takes about 10–20 minutes. Sliding devices reduce the friction 
forces on the steel bridge as it crosses the supports. Sliding devices are made up of common 
elastomeric bearings, a stainless steel sheet covering, and sliding panels of plywood sheathed 
with PTFE antifriction material. The plywood sliding panels are placed between the steel girder 
of the bridge and the stainless steel sheet. The bearings are used to distribute stresses evenly 
across the girder.  

Launching processes are computer simulated to anticipate the behaviors of the launch. The 
launch is then monitored to ensure stresses and deformations to not exceed set limitations. 
Bridges can be launched from one abutment or from both abutments. When launching takes 
place at both abutments, the two bridge segments are locked using a full-penetration weld at the 
closure joint. After the launch is complete, the superstructure is raised on jacks, permanent 
bearings replace the sliding devices, and the superstructure is lowered to its final position.  

Textbooks 

Three books have been published in the past which present a very comprehensive investigation 
of the design and construction of bridges constructed by incremental launching. These references 
are highly recommended for owners, designers and contractors desiring a thorough knowledge of 
the ILM. The books also make reference to several bridges that have previously been built by 
use of the ILM. The detail presented for these bridges, however, is insufficient to provide 
summary information for this report. A list of the bridges mentioned is provided in Appendix A 
for future consideration by bridge owners. The three books are listed with a brief bulleted 
summary of their content.  

Incrementally Launched Bridges: Design and Construction (Gohler 2000) 
• Overview of ILM 
• Historical development 
• Evaluation of ILM used for various crossings 
• Design criteria and considerations for design 
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• Construction considerations 
 

Bridge Launching (Rosiginoli 2002) 
• Overview of ILM for prestressed concrete bridges 
• Evolution of ILM for concrete bridges 
• History of analytical knowledge 
• Obstacles encountered prior to and during launch 
• Details and components for effectively launching bridges 
• Design and construction philosophies for prestress, composite, and prestress 

composite bridges 
 

Launched Bridges: Prestressed Concrete Bridges Built on the Ground and Launched into 
their Final Position (Rosignoli 1998(A)) 

• Detailed analytical and conceptual information pertaining to the following: 
o Design 
o Organization 
o Economics of construction techniques 
o Construction methods 
o Launching techniques 
o Additional effects (i.e. thermal, time, etc.) 

• Alternate launch methods (i.e., rotation, side translation, etc.) 
• Trends and ongoing research 

 
 
Brief Project Summaries  

An article by Bergeron (2002) describes the launching of the four-lane Clifford Hollow Bridge in 
Moorefield, West Virginia. This 1522-ft. long, continuous I-girder bridge consists of six spans 
with two 210-ft. end spans and four 275-ft. interior spans requiring nearly 5.2 million pounds of 
steel. The original design, which was to erect the superstructure with conventional sequential 
construction of the girders with the use of cranes from below, was redesigned to use the 
incremental launching method due to constraints imposed by high piers and restricted access to 
the jobsite. After learning of the success of previous incremental launching projects, the bridge 
was redesigned to be launched. A series of 400-ft. long sections of the steel superstructure, 
consisting of steel plate girders, bolts and cross-bracing were preassembled and launched 
utilizing four hydraulic jacks that pushed each segment across the land-based track rollers on the 
higher abutment until the leading cantilever nose reached the temporary rollers on the piers. A 
cable-stay to the end of the bridge section was provided by a kingpost frame in the assembly 
area. Emergency brakes that are comprised of chains at the abutment were used for moving the 
section back up the track if needed. The launching required some modification to the girder 
designs to accommodate the launching stresses. The modification of the original design 
increased the weight of the girders but the longitudinal and transverse stiffeners were eliminated, 
offsetting the additional steel cost by reducing fabrication labor. The launching process turned 
out to be beneficial, especially from an environmental standpoint, as disturbance to the 
surrounding landscape and trees was reduced from that expected if conventional erection 
methods had been used.  



 10

An example of successful incremental launching over areas with high site restrictions can be 
found on three prestressd concrete bridges in the center of Milan, Italy (Rosignoli 1998(B)). This 
incremental launching construction involved in these bridges represents one of the most complex 
applications performed in Italy. The original interchange consisted of a single bridge, the Palizzi 
Overpass, spanning a six-lane railway that was replaced with two road bridges and a tramway 
bridge by this project. Severe site restrictions were placed on the project due to high traffic 
(including train) volume, limited site access, low vertical clearance of the bridges, the close 
proximity of electrical wires, and settlement problems. The first bridge launched was a three-
span continuous beam, spanning a distance of 93.5 m. The construction process was restricted to 
a period of two hours each night to keep the train interruption to a minimum. After the first 
bridge was completed, the other two bridges were allowed to be launched without any time 
restraints and traffic was rerouted to the new bridge for demolition of the existing bridge. In spite 
of numerous site restrictions, the project was completed on schedule and without significantly 
disrupting either rail or road traffic. 

The construction monitoring of the Paraná River Bridge is noted elsewhere in this report (Malite 
2000). There are a number of significant features associated with the launching of the 2600-m-
long bridge. First, the intermediate piers of the Paraná River Bridge were stabilized by two sets 
of steel cables anchored to the end piers and the central pier, which were designed to resist the 
horizontal launching forces. Second, the total length of the Paraná River Bridge girder was split 
into four segments with two segments launched from each side of the river. Third, the Paraná 
River Bridge consisted of a box shaped truss. Therefore, when the structure crossed each roller, 
intermediate forces were induced directly to the lower chord of the truss. Finally, the measured 
strain differed significantly from theoretical design values. In some cases, the theoretical model 
underestimated the bottom chord strain by a factor of two. The model was thought to be 
inadequately modeling the roller system and the non-uniform variation of temperature. However, 
the experimental and theoretical values were found to be in closer agreement for the upper chord 
members.  

The Reggiolo Overpass is a monolithic, fully prestressed concrete bridge that spans 26 m over 
the Verona-Mantua Railway (Rosignoli 2001). Despite the short span length, several constraints, 
including the owner’s preferences for minimal maintenance, settlement problems at the site, 
complex geometry, and railway traffic below the bridge, made the design and construction of the 
bridge difficult and unique.  These demanding constraints were resolved by casting the entire 
prestressed concrete superstructure on one side of the railway and then monolithically launching 
it to its final position. Another interesting aspect of the project was the prestressed concrete 
launching nose used to compensate for negative moments during launch. It was found that using 
detachable concrete launch noses could be less expensive than steel girder launching noses. This 
project proved the use of monolithic launching to be a safe, reliable way to construct a bridge in 
a short time over a railway or traffic. 

The Petra Tou Romiou Viaduct is an eight-span, continuous, curved, mono-cellular, concrete 
box girder bridge in southern Cyprus (Llombart 2000). The deep valley below the bridge made 
incremental launching a favorable method of construction. The structure is also governed the 
high seismic activity in the area. The 422.6 m long bridge is made of post-tensioned concrete. 
The bridge was launched by means of hydraulic jacks with temporary launching pins in the 
girders to facilitate the launch. Neoprene-Teflon pads covered by a stainless steel sheet were 
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used to reduce friction over the pier bearings. The project was scheduled to launch one 18.45 m 
deck segment per week. A combination of short and tall piers was used to support the 
superstructure. Piers range in height from 16 m to 60 m. The abutments and shorter piers are 
connected to the superstructure by dampers. These dampers compensate for horizontal loads 
caused by seismic activity and wind. The taller piers are connected to the superstructure by fixed 
bearings.  

The Easton Bridge is a three-span, steel girder bridge that crosses a deep ravine in the Cascade 
Mountains of Washington (ENR 1998). The bridge spans a distance of 255 feet and serves as a 
recreational trail. Boss Construction Co. was hired to erect this bridge in place of a trestle that 
had been swept away by floods. The bridge was supposed to be erected from either side of the 
ravine but limited crane access on one side prompted the contractor to use a launching method. 
The bridge was mounted on two dollies at the western side of the ravine and pushed over rollers 
on the first pier to the second pier 195 feet away. A crane then dragged the bridge the last 60 feet 
to the eastern abutment. Push-pull jacks were used to counter deflection of the bridge as it was 
launched across the ravine. The jacks, located on the piers, raise the bridge high enough to pass 
over the piers. The construction, originally planned for one day, had to be delayed over a 
weekend. The bridge was pushed halfway across and stabilized on Friday. The following 
Monday, construction was finished.   

Bridge launching was a successful method for a bridge replacement in the Paddington Station 
area of London (ENR 2005). Westminster City decided to relieve congestion near the Station by 
removing an older bridge and constructing a new wider bridge over the continuously running 
train tracks. A bridge launching method was chosen because it would necessitate the least 
amount of rail line closures. The new steel girder bridge with composite concrete deck spans a 
distance of 180 m. Construction began by raising the old bridge on four temporary jacking 
towers. The bridge was then launched underneath the old bridge. After completion, the old 
bridge was lowered and removed. Varying girder depths along the length of the bridge were an 
issue as the bridge was launched across the piers. Jack levels were adjusted continuously during 
the launch to compensate for these irregularities.  

The first incremental launching method in Netherlands was used in construction of the 
Ravensbosch Viaduct, as shown in Fig. 1, that forms part of the motorway connecting Maastricht 
and Heerien in Southern Netherlands (VSL 1977). The bridge crosses the valley of 
Strabekervloedgraaf near Valkenburg at a height of about 25 m. Its superstructure is comprised 
of two parallel box girders with a 37.77-m wide deck slab on top. With a total length of 420 m 
forming 8 spans, it is uniformly curved with a radius of 2,000 m.  

During the launching operation, specially designed bearings consisting of a block of concrete 
covered with a stressed sheet of chrome steel were installed on all permanent and temporary 
piers. Steel/neoprene/Teflon plates were placed between the leading box girder and these 
bearings to keep the friction to a minimum. The friction recorded at each launching operation 
was approximately five percent, which was close to the assumption made during the design.  

Two hydraulic jacks, fixed to steel girders that were placed in front of the eastern abutment, were 
used with each stroke generating 200 mm of launching. On average, it took six hours to complete 
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the launching of each 19-m segment girder. Lateral guides were provided on both sides at every 
permanent pier and on the inner side at the temporary piers to ensure correct alignment of the 
structure during launching.  

 
Figure 1. Launching nose resting on a temporary pier 

The bridge over Port Wakefield Road consist of twin, four-span, single-cell prestressed concrete 
box girder bridges that carry eight lanes of traffic and an estimated traffic flow of 59,000 
vehicles per day (Alistair 2000). Due to the high traffic volumes in the vicinity and safety 
concern, the bridge was erected by incremental launching and it was one of the first 
incrementally launched bridges built in South Australia. The bridge launch is shown in Fig. 2a. 
The 112-m long bridge consists of four spans of 23, 33, 33 and 23 m, respectively. The span 
lengths were governed by the three piers located in the medians of the roadway below. The 
superstructure consists of twin single-cell prestressed box girders. Box girders were used 
because they provide a high torsional stiffness. The box girders contain two stages of 
longitudinal prestress. The first stage is intended for launching stresses and the second stage 
provides strength for service loads. 

The original construction plan required temporary piers to be built between the 33 m spans to 
account for the large span length. It was, however, later proposed to eliminate the temporary 
piers by using a launching nose. The permanent pier bearings could not be used during the 
launch because of punching failure to the box girder. Temporary columns were set up, one on 
each side of a pier, and temporary launch bearings were installed. These temporary bearings, 
seen in Fig. 2b, were installed under the box girder webs, and were later replaced with 
permanent bearings once the launching was completed. Elastomeric launch pads were used at the 
launching bearings to keep the friction to a minimum and lateral guides were provided at the 
piers and abutments to control the bridge along the correct alignment. 
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 (a) Nose resting on a temporary pier                   (b) Launching bearing 

Figure 2. Port Wakefield Road Bridge launching - Australia 

Experiences from the launching of the Bridge over Port Wakefield Road assisted in the 
construction of the Blanchetown Bridge crossing the Murray River in Blanchetown, Australia 
(Alistair 2000). The bridge is a 407-m long single cell prestressed concrete box girder that 
consists of 7 spans with seven 50-m interior spans and two 25-m and 30-m end spans. The bridge 
was built to replace an existing bridge that was structurally deficient.  The deck carries two lanes 
of traffic with an additional path for bicycles and pedestrians. The bridge was erected by 
incremental launching due to the long span length and cost saving associated with the 
construction. The bridge launch is shown in Fig. 3a. 

The superstructure was launched in segments of 25 m from pier to pier using a custom-made 
jacking frame. Two jacks were used to launch the bridge away from the frame, as seen in Fig. 
3b. These segments were cast in two concrete pours and launched on weekly cycles. Permanent 
bearings, with a steel plate and elastomeric bearings placed between the bottom flange and the 
permanent bearings, were used for launching, shown in Fig. 3c. The use the permanent bearings 
for launching eliminated the use of temporary bearings normally used in incremental launching 
operation. ‘Spray-on’ silicone grease was used to keep the friction between the superstructure 
and the bearings to a minimum.  

Following construction, three types of cracks were found in the box girder: punching shear 
cracks, flexural cracks and cracks adjacent to the cast-in bearing plates. The punching shear 
cracks were caused by the concentrated force from the permanent bearings on the box girder. 
The flexural cracks caused by eccentricity of the bearing reactions on the box girder were found 
on the top flange of the box girder. Cracks also formed near the cast-in bearing plates, seen in 
Fig. 3d, because the contractor welded the launch blocks to the cast-in plates instead of bolting 
them together. The thermal expansion and contraction of the metal caused the cracks to form. 
Lessons were learned from the project that the launch bearings should be positioned as close to 
the box girder webs as possible since eccentricities between the bearings and web cause flexural 
cracking during the launch. This may be difficult to accomplish when using permanent bearings. 
The experience also suggested that the launch bearing contact area of the girder be stiffened if 
permanent bearings are used for launching. In addition, it is critical to meet the construction 
tolerances on the box girder profile since small irregularities can cause uneven stress 
distribution. 
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           (a) Bridge launching                        (b) Jacking operation 
 

   
            (c) Launch bearing              (d) Crack near the cast-in bearing plate 

Figure 3. Blanchetown Bridge launching - Australia 

Structural Monitoring during Construction 

The use of structural monitoring during construction of an incrementally launched bridge has 
received considerable attention from both owners and university researchers. Structural 
performance information through monitoring can supplement visual observations and may 
provide critical alerts during the launch stages at structure locations during the launch process. It 
can also provide validation of the design and construction process, which is useful for 
implementation of subsequent ILM projects. Several representative examples of ILM projects 
where monitoring was implemented are provided below. 

The Paraná River Bridge, a 2600-m-long steel structure with 26 spans of 100 m, is the largest 
bridge combining highway and railway systems in Brazil, and was erected by incremental 
launching (Malite 2000). Four bridge segments, two 600 m long and two 700 m long, were 
assembled on the riverbank, then pushed longitudinally into their definitive positions. Several 
parameters were monitored during launching, including the stresses at critical points of the steel 
structure, displacements at the tops of the piers and at the end of the cantilever, forces required 
for launching, and ambient temperature.  

Monitoring of a steel plate girder superstructure launch was performed on the Iowa River Bridge 
crossing (Wipf 2004). This report documents the launching procedure and monitoring and 
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evaluation of various bridge components during numerous launches of the Iowa River Bridge. 
The bridge components were instrumented and monitored to assess the launch procedure and the 
subsequent structural impact on the superstructure and substructure. The overall objective of the 
project was to validate the assumptions made by the bridge designers, HNTB Corporation, and 
the contractor’s erection engineer, Ashton Engineering. These launch assumptions included such 
things as: 

• The force applied to piers during launch events 
• The frictional resistance of roller system during launch events 
• Behavior of piers caused by large horizontal forces applied to capbeam during launch 

events 
• Girder flexural behavior during launch events, including contact stress and bending 
• Load transfer mechanism between girders 
• Horizontal force necessary to launch various construction stages 
 

Generally the measured structural response of the superstructure and substructure elements was 
relatively consistent with design and construction expectations. Some selected results include 1) 
the measured contact stresses in the flange/web region during girder passage over a launch roller 
were relatively high, 2) pier column stresses during launching were relatively moderate and 
consistent with expected structural performance, and 3) measured launch forces were consistent 
with forces expected using the hydraulic pressure gages. 

Survey of State DOT Bridge Engineers  

Survey Process  

An electronic survey was developed with the original intent to contact the chief bridge engineers 
of the 50 state DOTs. In order to ensure a wider representation of the bridge community, the 
survey was in fact directed to each member of the AASHTO Subcommittee on Bridges and 
Structures. The subcommittee comprises 116 individuals from a wide variety of owner agencies, 
including the following: 

• 50 state Departments of Transportation (1 to 3 committee members per state) 
• Federal Highway Administration 
• American Association of State Highway and Transportation Officials 
• Canadian provincial transportation agencies (5 members)   
• Other bridge owner agencies (e.g. turnpike authorities, US Army Corps of Engineers, 

etc.) 
 
The survey was developed, distributed and collected through an online survey service entitled 
SurveyMonkey.com, allows respondents to access an online version of the survey, respond to 
each question, and submit their answers via an easy-to-use form. In addition, the survey data can 
be continually analyzed by the research team to monitor trends. Each response can be traced 
back to the email address of a respondent. Follow-up reminder notes were sent to each survey 
recipient who did not respond initially. 
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Survey Results 

Overall, a total of 40 survey responses were recorded by the online system, for a response rate of 
34 percent, which compares reasonably with past surveys performed by the research team. A 
presentation of data and discussion of responses from selected survey topic questions are briefly 
summarized in this section. The complete survey is provided in Appendix B of this draft report. 
In the data tables associated with some questions presented in this section, those responses that 
received more than 50% of the total are highlighted in red for those questions where a 
respondent was asked to evaluate the significance or usefulness of various alternatives.  

Selected Survey Topic 1: Familiarity with ILM 

This question focused on the personal familiarity of the engineer with the incremental launching 
method for bridge construction. In addition to asking that question, the engineer was asked how 
they first learned about incremental launching.   

The response to the first question resulted in 55% stating they were personally NOT familiar 
with incremental launching. Only 40 replies were received for this question, and it is very 
possible that a much higher percentage of surveyed engineers are similarly NOT familiar with 
launching as a construction practice.  

Regarding the question about how the respondents found out about incremental launching, the 
majority (33%) indicated that conference presentation was how they were exposed to the topic, 
with 11% indicating a technical journal article was the source of their information. Trade 
publications, books and “other” comprised the other responses. It was interesting that 0% 
responded to the medium of documentary video/DVD as a source of information.  This response 
is noteworthy because the Iowa Department of Transportation created a documentary video 
following the completion of the US 20 Iowa River Bridge in 2003. The project involved the 
incremental launching of a steel plate girder bridge superstructure. The video was mailed to all 
state DOTs and FHWA division offices. However, upon discussion with some respondents, 
unclear wording of the question was found to be a possible reason why they did not indicate the 
video as a source of information. The video includes information associated with construction 
and monitoring of the launched bridge. 

Based on the response to the questions above, it appears that technical information regarding 
incremental launching has not spread widely. One possible reason for the lack of technical 
literature on this topic is that the designers and contractors are not very interested in sharing 
information, although it is fair to state that publication by these two groups is usually not a high 
priority. 
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Selected Survey Topic 2: Level of familiarity 

As a follow-up to the questions noted above, the survey participants were asked how they would 
rate their familiarity with the ILM construction method. The question asked about the level of 
familiarity on a [4] point scale from [1] extremely knowledgeable (personally involved) to [4] 
completely unfamiliar. The majority of the respondents (73%) indicated a rating of [3] where 
they had read an article or had attended a presentation, supporting the observation for the above 
question that there are few engineers with working knowledge of incremental launching.  

Selected Survey Topic 3: Advantages of ILM 

This question attempted to determine the perception of the respondents regarding advantages of 
the ILM when compared to conventional construction methods. The question was somewhat 
leading in that the types of advantages were provided, although the respondents had 
opportunities to provide their own replies.  

Table 1 summarizes the response to the question. As noted, the two primary advantages (based 
on a cumulative response of “very significant” and “significant” responses, appear to the 1) 
minimal disturbance to surroundings (95%) and 2) reduced access required beneath the bridge 
(77%). It is also noted that smaller equipment required for construction, increased worker safety, 
and increased construction speed are also perceived to be significant benefits of incremental 
construction.  

Table 1. Perceived advantages of ILM compared to conventional construction 

 Very 
Significant Significant Somewhat 

Significant 
Not Very 

Significant 

Minimal disturbance to surroundings 39% 56% 0% 6% 

Reduced access required beneath 
bridge 33% 44% 22% 0% 

Smaller, more concentrated work area 6% 29% 41% 24% 

Increased worker safety due to ground-
level assembly 6% 44% 33% 17% 

Increased speed of construction 11% 44% 39% 6% 

Smaller equipment required for 
construction 0% 56% 22% 22% 

 

Selected Survey Topic 4: Disadvantages of ILM 

In contrast to the question noted above, this question tried to determine the perception of the 
engineer regarding potential disadvantages of the ILM as compared to more conventional 
construction. As the previous question did, this question provided leading response topics.  
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Table 2 summarizes the response to the question. As shown in the tabular responses, the biggest 
concerns the respondents had with incremental launching compared to conventional construction 
methods are 1) perceived risk to owner and contractor, 2) increased costs and 3) contractor 
unfamiliarity with the incremental launch method.  

Table 2. Perceived disadvantages of ILM compared to conventional construction 

 Very 
Significant Significant Somewhat 

Significant 
Not Very 

Significant 

Perceived risk to owner and contractor 12% 65% 18% 6% 

Increased costs 29% 59% 12% 0% 

Increased time for construction 6% 41% 18% 35% 

Requires specialized hardware (rollers, 
jacks, etc.) 12% 44% 31% 12% 

Contractor unfamiliarity with method 41% 53% 6% 0% 

Increased horizontal forces on 
substructure 6% 24% 41% 29% 

Access requirements behind abutment(s) 6% 47% 35% 12% 
 

Some pertinent comments received with this question, apparently related to why an owner did 
not choose incrementally launching include 1) the launching of haunched girders is very 
difficult, 2) there is an increasing problem with clear spanning rivers without enough back span 
for this method to work (e.g. when you have a 350 ft. main span with no or minimal approach). 
This problem arises when permitting for river access or construction is denied for various 
reasons. Launching has only been possible with adequate pier placement, 3) some grand failures 
have been recorded over the years associated with launched bridges and 4) potential structure 
redesign. 

Selected Survey Topic 5: ILM projects completed, under construction or planned 

The intent of these questions was intended to determine the level of experience and activity by 
the respondents in implementing ILM. Specifically how many bridges has an agency either 
completed or currently have under construction using ILM, and further, is the agency 
CURRENTLY CONSIDERING an incrementally launched bridge project for future 
construction.  

The reply from the respondents was very brief regarding any past, current or planned ILM 
activity. Respondents identified two launched bridges for which the research team was not 
previously familiar. Additional follow-up with this respondent was made to obtain additional 
information, but unsuccessfully thus far. The owner did offer to share copies of the project plans 
and construction details and photos, and the research team will pursue this information for 
inclusion in the final report. The two bridges are 1) the Queets River Bridge (WA), steel I-girder, 
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completed 1991, and 2) the Yakima River Bridge (WA), steel I-girder, completed 1999. 
Additionally, no agencies reported any potential future incremental launch construction. 

Selected Survey Topic 6: Useful tools to assist design of ILM projects 

Recognizing that perhaps one reason the ILM has not caught on routinely in the United States, 
this question was intended to determine what design tools would be most helpful to engineers. 
The objective of this question was to also provide the research team input regarding the format 
and content of this report in order to be most helpful to the enginerering community.  

Table 3 summarizes the response to the question.  Based upon the responses shown in the table, 
it seems reasonable to state that the most useful tools for preliminary and/or final design would 
be 1) series of illustrative case studies; 2) detailed list of recommendations; 3) collection of 
proven launch details; and 4) description of launching limitations. It is interesting that even 
though a database of case studies has existed online for sometime (see Appendix A for further 
information on the database), apparently this has not had a major impact on more use of 
incremental launching. This could possibly be due to the engineering community not being 
aware of the database information. The authors of this report have not been able to find a 
significant amount of information related to the other desirable pieces of information.  

It is also noted from the table that 1) preliminary design assistance; 2) final design consultation; 
and 3) independent review for constructability are also desirable tools for engineers, and the lack 
of these perhaps have had a negative impact on incremental launch use.  

Table 3. Types of useful tools for design of ILM projects 

 Very 
Useful Useful Somewhat 

Useful Not Useful 

Description of launching limitations 48% 35% 17% 0% 

Series of illustrative case studies 26% 65% 9% 0% 

Detailed list of recommendations 57% 35% 9% 0% 

Collection of proven details (jacks, rollers, 
etc.) 52% 35% 13% 0% 

Preliminary design assistance 13% 57% 26% 4% 

Final design consultation 13% 52% 30% 4% 

Independent review for constructability 13% 61% 26% 0% 

Detailed list of published technical papers 
and reports 22% 43% 35% 0% 
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Selected Survey Topic 7: Potential interest and intent in implementing ILM  

These questions attempted to determine the level of interest that the bridge community has in 
implementing ILM. Specifically, one question asked if the agency would BE WILLING TO 
CONSIDER an incrementally launched bridge project for future construction. Additionally, they 
were asked how likely they would estimate a launched bridge would be utilized by their agency 
in the future.   

These related questions, associated with potential interest and intent regarding implementing an 
ILM, interestingly yielded somewhat contradictory responses. To the question of would the 
agency be willing to consider a project, 83% of the replies were yes. In contrast, the estimate of 
how likely your agency would implement a project, approximately 44% stated that would not be 
likely. Approximately 11% stated it would be very likely. This would seem to suggest that 
agency would very much like to consider incremental launching as a construction process, but 
either have insufficient confidence to do so, or simply have few projects that would require 
launching.     

Selected Survey Topic 8: Useful tools in consideration of ILM for future projects 

A previous question had asked what tools would be most useful for design of ILM projects. This 
question asked what types of tools would be most useful to the engineer in even considering 
incremental launching for future construction projects, recognizing the level of perceived 
disinterest to date by the engineering community. The survey question contained specific 
concepts for tools that the research team thought could address the lack of interest and/or activity 
to date. Another objective of the question, similar to some of the other questions asked in the 
survey, was to help the research team determine the format of the product of this research.   

Table 4 summarizes the response to the question. Based on the results of this survey, it is clear 
that bridge owners are frequently lacking in a general understanding of the incremental 
launching method and its potential benefits in the appropriate location. Filling this knowledge 
gap was one of the overall goals of the current research project. Perhaps the most useful 
information that can be extracted from the survey results is the types of tools that bridge owners 
feel would be most valuable to them in the planning and design of future launched bridges. This 
conclusion is supported by the results from the previous two questions. 
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Table 4. Types of useful tools to promote consideration of ILM projects 

 Very 
Useful Useful Somewhat 

Useful Not Useful 

Flowchart for planning activities 4% 39% 43% 13% 

Summary of launching applications 4% 70% 26% 0% 

Description of launching limitations 35% 48% 17% 0% 

Series of illustrative case studies 22% 43% 35% 0% 

Detailed list of recommendations 39% 43% 17% 0% 

Preliminary design assistance 13% 35% 43% 9% 
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MANUAL OF BEST PRACTICE  

Innovative construction methods have been used since a tree was felled across a stream allowing 
the first bridge engineer to cross without getting their feet wet.  Bridge owners in today’s 
political and economic climate must often consider whether a potential innovative bridge 
construction method may be suitable for use at a particular site.  

Frequently, there are two types of bridge projects – those where an innovative construction 
method is recognized early in planning stages as the only feasible way to complete the crossing 
and those where a resourceful contractor proposes a clever value engineering solution to a 
challenging problem.  

Based on the personal experiences of the research team and a review of both successful and 
unsuccessful bridge launching projects described in the literature review and provided as case 
studies elsewhere in this report, we can offer a number of issues to be considered for future 
projects. 

The manual of best practice highlights a few recommended planning, design, and construction 
activities that should be considered when developing a project for construction by incremental 
launching. Many of these activities would be useful in cases where other forms of innovative 
bridge construction would be appropriate as well. 

Preliminary Design and Planning Considerations 

Recognize Critical Restrictions  

Early recognition of project site challenges such as environmental issues or sites which offer 
only limited access for construction make it easier to consider the value of alternative 
construction methods as early in the preliminary design phase as possible.  

Establish Advisory Panel Early in Process 

The value of an advisory panel for any specialized project that has not been attempted by a 
particular owner cannot be overemphasized. Owners, designers and contractors are available 
who are willing to share their experiences (positive and negative) and assist the owner by 
providing examples of previous projects. One source of this information is the project case study 
summaries provided herein.  

Two primary cases exist in which the ILM may be useful as a potential construction method for a 
particular project: either the proposed bridge must cross an obstacle (such as a sensitive 
waterway, deep valley, or railyard), which makes site access problematic; or there is a need to 
accelerate construction using a limited footprint behind one or both abutments. In either case, the 
detailed design of the launching system to be used is typically performed by the selected 
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contractor’s engineer along with the specialty equipment providers who sell or lease the high-
capacity hydraulic jacks and rollers which are available. 

The establishment of a contractor advisory panel should be considered well in advance of the 
project letting date and preferably early in the design phase of the project. The members of this 
panel should include experienced bridge contractors of moderate to large size from the 
surrounding area and, depending on the size and location of the project, this could certainly 
include surrounding states as well. In order to encourage participation and valuable 
contributions, it should be made clear that that the members of this advisory panel should not be 
excluded from bidding on the project. In addition, the panel representatives should be invited to 
participate through the local chapter of the Associated General Contractors in order to eliminate 
the appearance of bias toward a particular contractor. 

The research team recommends that the panel be convened at least twice during the design of the 
project – once at the beginning of final bridge design and again as the design is approximately 90 
percent complete. At the initial meeting, the panel members should be given an opportunity to 
visit the proposed project site. The visit should be in conjunction with the design team as well as 
representatives from the owner’s construction staff and they should be provided with at least 
some details of the proposed bridge alignment, preliminary plans, and an explanation for why the 
particular project might be considered for launching. The panel should be asked to provide 
recommendations regarding necessary clearances, crane swing radii, working areas that might be 
necessary for material storage and laydown, which might be helpful in property acquisition, etc. 
A second meeting near the end of final bridge design should be used to review the launching 
details for the bridge as well as to ensure that all questions and concerns are thoroughly and 
completely addressed. 

Input received from this type of advisory panel would potentially be useful to owners, designers 
and contractors alike. The owner may feel confident that more reasonable bids may be 
anticipated from a well-informed contracting community. In fact, the need for launching may 
perhaps be eliminated by an innovative contractor who is able to devise a system to construct the 
same bridge by alternative means. The design team (either agency designers or consultants) will 
gain valuable input at critical stages of the process which can be used to adjust both the 
preliminary layout as well as the final design details that may result in a better overall product at 
a more reasonable bid price. The contractors, in turn, will be better able to plan their work and 
begin early conceptual engineering of their own which will help reduce the need for rapid 
engineering on their part during the bidding process and the consequent bids which must be 
magnified to address the additional risk they feel due to the uncertain nature of a complex 
project. 

An alternative approach which could offer similar advantages would be to require the designer to 
have an experienced ILM contractor included in the design team. This contractor would, of 
course, be precluded from bidding on the ultimate construction project. In addition, a number of 
national engineering consultants exist who specialize in providing advice to bridge owners and 
designers on constructability issues. Alternatively, the owner and designer could seek the 
advisory services of an experienced ILM contractor, perhaps from outside the region, with the 
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understanding that they will not submit a bid (or team with a bidder) on the particular bridge 
project under consideration.  

Engage Specialty Equipment Manufacturers 

Manufacturers of specialty bearings, rollers and jacking equipment should be contacted to obtain 
examples of innovative solutions which have been used for similar projects. The use of 
incremental launching in particular is one method which has seen relatively widespread use in 
Europe and around the world which has spurred the development of specialized equipment. 

Final Design Phase Considerations 

Substructure Effects Caused by Launching Forces 

The forces applied to a substructure element due to launching a bridge include three vector 
components which include the following:  

• Vertical loads due to representing the dead load support reaction at the pier 
• Longitudinal loads generated by the friction and other resistance forces in the 

bearings as well as the local grade of the launch surface 
• Transverse horizontal component generated by the lateral guide system 
 

Rosignoli (2002) presents a detailed presentation of the substructure forces which should be 
carefully considered during final bridge design. On some steel girder bridge projects, the 
horizontal component of the substructure forces must also include the resultant force generated 
as the tapered transition ramp (launching nose) encounters a pier roller bearing. Researchers at 
Iowa State University (Wipf 2004) attempted to document the impact of these forces during 
launching of the US 20 Bridge in 2002. It should be noted that for particularly short piers, the 
impact of these forces could be significant.  

Lateral Guidance and Steering Control during Launching 

An adequate lateral guidance system must be provided for the superstructure during launching 
operations. It is well-known that steel girder bridges are subject to sun-induced curvature prior to 
placement of the concrete deck. Essentially, the girder face exposed to the sun warms 
considerably quicker than the face which is shaded. This phenomenon is not typically 
problematic on a conventional bridge construction project and is commonly ignored. However, 
when this curvature occurs during a launching event, there can be significant problems in 
maintaining the alignment of the girders and providing a means to keep them tracking along the 
desired path. 

A guidance system is recommended which provides lateral resistance of at least 10 percent of the 
vertical reaction at a given pier during the entire launching process. This lateral resistance also 
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contributes to resist the lateral forces due to wind forces which are applied to the length of the 
girders and any fabrication and assembly tolerances that may exist. 

Wind Forces during Launching 

The design and contractor team are highly recommended to consider the effects of wind on a 
potential launched bridge project. The effect of both static and dynamic wind forces during the 
construction of the bridge using incremental launching must be considered, particularly in the 
case of a lighter-weight steel superstructure. An analysis of the static wind forces applied to the 
superstructure at maximum cantilever is not sufficient to include the possible effects of buffeting 
caused by a blunt body. In some cases for longer spans, the use of wind fairings to help improve 
the aerodynamic performance of the cantilever span has been used with reasonable success.  

In order to eliminate potential problems with wind effects during a launching operation, a clause 
is suggested to be included in the project special provisions which prohibit launching of the 
bridge when forecast conditions indicate a likelihood of wind speeds on a given day in excess of 
a particular threshold, perhaps 20 to 30 miles per hour. The recent availability of internet-based 
weather documentation and prediction forecast sites make it routine practice to verify the 
predicted wind speeds for 12 hour periods in advance of a critical event. 

Reversible Launching System 

In order to reduce the chance that a bridge is left in a vulnerable position with a long cantilever 
for an extended period of time, the utilization of a launching system that is reversible is 
recommended – in other words make it possible to retract the cantilever span back to a suitably 
stable position in the event of a mechanical problem. It would also be wise to ensure that each 
launch event be suspended at a stable position with only a minimum cantilever extended. 
 
Lateral Bracing System for Steel Girder Spans 

The modern concept for incremental launching was developed in the 1960s, primarily for use on 
concrete box girder superstructures. These girders are inherently very stiff and provide 
considerable resistance against torsional buckling during the launching phase. However, this 
same resistance is not pertinent for a typical steel I-girder bridge. The advantage of a steel 
superstructure is a significant savings in dead load resulting in potentially smaller rollers and 
bearings, as well as reduced jacking force needed to launch the superstructure. This makes these 
an attractive alternative for moderate spans. 

A system of upper-and-lower lateral bracing is highly recommended to be included in the design 
of steel girder superstructures in order to provide the necessary torsional stiffness during 
launching operations. This bracing should be designed as a primary member for calculated loads 
during the cantilever stage. In particular, the bracing is of critical importance in the leading span 
which undergoes reverse bending during the cantilever stage of construction. The bracing is 
likely not needed in the final condition and could be removed following completion of the bridge 
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deck. However, due to the cost and difficulty of this operation, it may be more economical to 
simply leave the bracing in place for the final condition. 

Temporary Supports and Auxiliary Piers 

The need for temporary piers constructed at midspan of the permanent crossing can rarely be 
justified except in the case of extremely long spans. The Millau Viaduct, which was recently 
completed in southern France, utilized temporary piers to reduce the cantilever length but the 
cost of these towers was significant. The design team was able to justify the cost due the extreme 
wind forces which have been recorded in the Tarn Valley. The desire of the design team was to 
reduce the free cantilever length as much as possible. A review of the literature fails to show the 
use of these temporary supports on spans less than 450 ft unless it is necessary to launch the span 
along a horizontal curve. The cost of these temporary towers can quickly exceed the cost of a 
longer launching nose or temporary kingpost system. 

Steel Girder Flange Contact Stresses and Girder Web during Launching 

There has been considerable research into the subject of contact stresses on the bottom flange of 
heavily loaded steel girder bridges which is presented elsewhere in this report. It should be noted 
that large contact stresses must be considered during design and appropriate consideration must 
be given to both localized effects on the bottom flange as well as web buckling and crippling 
concerns.  

When launching a bridge superstructure over a series of roller supports which are fixed in 
position, essentially any point along the length of each girder line serves as a support point at 
some point during the launching operation for the non-composite steel dead load. It is critical 
that the girder web be stiffened appropriately to resist this loading without the risk of local web 
buckling due to the combined flexure/shear acting at this point. 

Required Jacking Forces to Overcome Friction and Longitudinal Grade 

The use of a low friction roller system is recommended for use on all future launched girder 
bridge projects. These rollers are typically assumed to provide a frictional resistance of 5 percent 
when rolling across a surface covered with steel plating sufficient to resist deformations due to 
the heavily concentrated load. Laboratory testing has shown this friction coefficient may be as 
low as 1 to 2 percent under static conditions. 

It is certainly possible for a bridge to be launched along a longitudinal grade of up to several 
percent in either positive or negative grade. Certainly the idea of launching the bridge along a 
positive grade (uphill) offers some advantages in that there is no concern of allowing the bridge 
to roll unencumbered in the event of a mechanical failure during a launch event. Conversely, the 
additional force required to overcome not only the inherent friction in the roller system along 
with the energy to raise the mass of the bridge superstructure during the launching must be 
designed into the jacking system and may require larger equipment. The decision as to which 
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end of the bridge will best accommodate the jacking system is a function of the local access and 
restrictions and should not be seen as being controlled by the mechanics of the launching system. 

Analysis of Erection Stages 

Much has been written about the challenges of analyzing a bridge for incremental launching. 
Essentially, an envelope of flexural moment and shear forces must be calculated over an infinite 
number of support conditions as the superstructure is launched. These calculations are 
compounded in the case of a bridge constructed with post-tensioned concrete as the additional 
effects of creep and shrinkage must be included along with thermal gradient concerns. 

Design of Specialized Bridge Components 

Due to the significant number of these projects which have been completed in Europe, there has 
been an opportunity to develop standard bridge launching equipment which is commonly 
specified. Particular components to be selected or designed include: 

• Design or selection of bearings/rollers. Past projects have typically used proprietary 
rollers but a few projects were constructed using rollers which were custom-made for 
the specific application;  

• Design of launching nose; 
• Design of lateral guides; and 
• Design of kingpost and cable-stay system (if required). The need for additional girder 

stiffeners at the location beneath the kingpost must be considered. 
 
Recommended Construction Phase Considerations 

Review of Contractor’s Engineering Submittals 

Innovative bridge construction projects, such as incremental launching, place an additional 
burden on the contractor and their construction/erection engineer to thoroughly calculate loads 
and stresses placed on the structure through the chosen construction method. In addition, details 
of connections or stiffeners added to the permanent structure, falsework required to construct the 
bridge or any other substantial modifications to the contract plans must be detailed for review. 
These calculations and details are submitted to the owner and the engineer of record for review 
and approval prior to the start of construction.  

Often times, a contractor and their engineer will develop an erection procedure which differs 
significantly from that shown in the contract plans and specifications. In this case, the contractor 
should be requested to submit a complete set of structural analysis calculations. The review of 
these calculations will often necessitate the engineer of record to perform an independent 
modeling of the contractor’s launching stages and construction loadings. The time required for 
this independent modeling is greatly reduced by the ability to reuse the original design model 
with only slight modifications. 
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The complete and timely review of these contractor submittals is critical and cannot be 
overemphasized. It is recommended that open communication between all parties is maintained 
in order to facilitate the review and reduce or eliminate the need for resubmittals. 

Structural Monitoring during Construction 

Some concerns naturally exist when implementing new technology (e.g. incremental bridge 
launching). Because launching is “very serious business” and can often be relatively new to 
contractors as well as the owner/designer, there should be some steps considered to minimize 
problems. It has been shown that structural performance instrumentation and monitoring of 
existing bridges provides supplemental information to the design and evaluation process. 
Similarly, instrumentation and monitoring of bridges during construction phases can provide 
valuable validation of the design/construction process and timely feedback during the actual 
construction process. This is particularly true for incremental construction of bridges, especially 
given the use of relatively unfamiliar construction techniques and equipment. The discussion 
above regarding the various incremental launch issues provides excellent information about 
where structural performance monitoring may be useful. By using strain, displacement and tilt 
sensors, some of the critical bridge superstructure and substructure elements, as well as launch 
equipment and launch components, can be monitoring during the launch process.  

At a minimum, it is recommended that the contractor consider positioning experienced personnel 
at each supporting pier location to monitor the relative position and performance of the 
superstructure throughout the launching operations. These personnel should be equipped with 
radio communications to be able to immediately suspend launching operations in the event that a 
problem is observed. 

The following are some general considerations if incremental launching projects are undertaken: 

• For monitoring of future launched bridges, contract language should be included to 
provide reasonable access and assistance to the monitoring staff. Coordination among 
the contractor, the monitoring consultant, and the structural designer is essential to 
the success of the project. 

• A comprehensive monitoring program, which alerts the contractor/designer/owner of 
potential problems, should be implemented to insure that allowable stresses are not 
exceeded. The designer should develop a design model showing the expected stresses 
and the anticipated load distribution during the launch. These values for allowable 
stresses/forces covering all anticipated modes should be developed in advance. 

• A pre-launch and post-launch survey of the structure should be performed. 
• Use a set of mirrors or some other system to monitor the plumbness of the piers 

during and after launching operations. 
• Crossframe members of the superstructure are particularly vulnerable to unusual 

launch forces and potential monitoring should be considered if the crossframe 
members, girders and connections have not been designed to support the weight of 
one girder supported only by the crossframe connections to the adjacent girder. 

• Designers should develop a launching system that is reversible. In other words, there 
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should be a method of retracting the cantilevered girders in the event of an 
unexpected problem. Monitoring of the cantilevered portion of the superstructure 
could provide useful information regarding potential problems.  

• It may be advisable to monitor the structural response of the piers to the touchdown 
forces during the launch and during the passage of the superstructure over the pier. 

• A number of other behaviors that would be useful to monitor would be 1) girder 
flexural behavior during launch events, including contact stress and bending; 2) load 
transfer mechanism between girders; and 3) horizontal force necessary to launch 
various construction stages. 

 
Applicability and Limitations of Incremental Launching 

The use of the incremental launching method for bridge construction will never be the most 
efficient way to construct every single bridge. However, in the right location, the ability to erect 
the bridge superstructure without the need to intrude into either congested, restricted or 
environmentally sensitive areas beneath the bridge offers tremendous benefits to the owner, 
contractor and other stakeholders including:  

• Minimal disturbance to surrounding area; 
• Smaller, but more concentrated area required for erection; and 
• Increased worker safety since all erection work is performed at a lower elevation  

 
During the launching of a bridge, the superstructure acts as a continuous beam supported on 
roller or sliding bearings and is transversely restrained by lateral guides that prevent drifting 
movement. Any constraint eccentricity (vertical misplacement of launching bearings or 
transverse misalignment of lateral guides) will cause unintended secondary stresses and may 
cause launching problems such as excessive wear of bearing devices (Rosignoli, 2002). 

The case studies presented in this report highlight the fact that incremental launching is 
applicable to a wide variety of challenging bridge sites. The recent FHWA scanning tour of 
Europe and Japan has identified a number of bridge launching projects for which launching was 
considered the most efficient solution to a difficult bridge construction problem. Although 
virtually all bridge projects can offer their share of challenges, the K.S. Tubun flyover bridge is 
exceptional in the number of degree of difficult circumstances. This bridge, located in Jakarta, 
was designed to cross a navigable drainage canal along with the city’s largest railway junction 
all while passing with less than 2 feet below high voltage power lines. In addition, the contract 
documents stated that there could be no disturbance to the railway traffic at any time during 
construction. In order to eliminate the need for a temporary pier located in the rail yard, the 
bridge was designed with a particularly long launching nose – approximately 70% the length of 
the permanent span. The K.S. Tubun flyover bridge launching nose can be seen in Fig. 4.  
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Figure 4. K.S. Tubun flyover bridge launching nose 

Essentially, the incremental launching method is worthy of consideration for project sites which 
face challenges such as: 

• Steep slopes or deep valleys which make delivery of materials difficult,  
• Deep water crossings. 
• Environmental restrictions which prevent or severely limit access.  
• Access to area beneath bridge limited by heavily traveled roadways or railways. 

 
Ideally, a bridge intended for incremental launching would be designed along a tangent 
alignment in both horizontal and vertical planes to simplify fabrication and construction. 
However, the bridge site which fits these ideal conditions is extremely scarce especially when 
combined with the close proximity of the potential site restrictions listed. Although somewhat 
more challenging, it is possible to construct a bridge by incremental launching while maintaining 
a curved alignment in either or both planes. In order to eliminate the relocation and adjustment 
of lateral bearings it is necessary, however, that these surfaces remain perfectly aligned with the 
superstructure during launching operations, which can only be guaranteed in the case of a 
common geometry. Rosignoli (1998(A)) states that a bridge constructed by launching must be 
designed with one of the following alignments: 

• Tangent in plan and tangent or circular in profile. 
• Circular in plan and horizontal in profile (no launch gradient). 
• Circular in plan and included with respect to the horizontal plane. 
• Curvilinear both in plan and in profile. 

 
The geometry of curved structures and the desire for uniform distribution of launch stresses 
strongly favor the use of constant depth superstructures such as a parallel flange I-girder. It is 
possible to utilize a variable depth steel superstructure by using temporary steel plate or trussed 
extensions of the bottom flange. A variable depth superstructure is greatly complicated by the 
higher dead load present during launching operations. 
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Case Studies 

The incremental launching method has been used for bridge construction at a wide range of sites 
and for a broad variety of purposes. As stated previously, it has been estimated that nearly 1000 
bridges have been constructed using this method worldwide. Unfortunately, the competitive 
nature of bridge design and construction has considerably limited the amount of detailed 
information which has been published.  

Assembled herein is a brief summary of eleven bridges constructed by incremental launching 
which is intended to provide contact information associated with the projects, as well as 
highlight the potential benefits of the method for bridge owners and contractors faced with a 
bridge site which might be unsuitable for more conventional “stick-built” construction methods. 
Appendix A includes a table summarizing the information for the bridges described in case 
studies within this report, as well as, information pertaining to an online launched bridge 
database containing additional case studies. 

The project summaries have been selected to highlight both steel and concrete superstructures 
and are not intended to suggest that one material may be more suitable for this type of 
construction than another. It is important to note that, as opposed to conventionally constructed 
bridges, bridges built by the incremental launching must be designed with the final manner of 
construction firmly in mind from the earliest stages of the project. 

Perhaps the most critical consideration in the selection of a bridge construction method is the 
cost involved when compared to more conventional construction. Although the contractor is 
responsible for employing an experienced, licensed professional to provide erection engineering 
and selecting the specialized construction equipment to be used on a particular project, these 
costs are passed on to the owner either in the form of a particular bid item such as “Bridge 
Launching (Lump Sum)” or as subsidiary to other bid items on the project. 

As is often the case in the highly-competitive construction industry, the cost of these specialized 
bridge construction bid items are not widely published and are not available without 
considerable research into each specific project. Therefore, the projects presented in the 
following case studies do not present this information. As evidence of this variability, the U.S. 
20 Iowa River Bridge project was completed at a cost of approximately $150 per square foot 
while the Stoney Trail Bridge was constructed for nearly $450 per square foot.  

Due to the large number of widely-ranging variables involved in each particular project 
including bridge material, site location, local economic factors, fabrication processes, 
environmental constraints, inflation, currency exchange rates, etc. it is not possible to present a 
confident estimate of general launched bridge construction costs.  

It is recommended that bridge owners anticipate some reasonable cost premium for any 
innovative bridge construction method when compared to conventional “stick-built” construction 
methods. For budgeting and planning purposes, it is recommended that a cost premium of 10–
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15% above the conventional superstructure construction cost be considered as a reasonable 
estimate. 
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BRIDGE TYPE AND MATERIAL CONSTRUCTION COST TITLE AND LOCATION (City and State) 

 
U.S. 20 Iowa River Bridge 
Hardin County, IA 
Construction Completed 2002 

Superstructure 
5 – 302’ steel I-girder 

spans with lateral 
bracing 

Substructure 
CIP concrete piers 

with driven steel piles 
and drilled shaft 

foundations 

 
Total Cost = $21M 

(USD) 
 

PROJECT CONTACT INFORMATION 
PROJECT OWNER 
 
Iowa Department of Transportation  
Mr. Ahmad Abu-Hawash, P.E. 
Iowa Department of Transportation 
800 Lincoln Way 
Ames, IA 50010 
ahmad.abu-hawash@dot.iowa.gov 
(515) 239-1393 

PROJECT DESIGN FIRM 
 
HNTB Corporation 
Mr. Michael LaViolette, P.E. 
715 Kirk Drive 
Kansas City, MO 64105 
mlaviolette@hntb.com 
(816) 472-1201 

PROJECT CONTRACTOR 
 
Jensen Construction 
Mr. Dan Timmons 
5550 NE 22nd Street 
P.O. Box 3345 
Des Moines, IA 50316 
dtimmons@rasmussengroup.com 
(515) 266-5173 

 
PRIMARY REASONS FOR LAUNCHING  
The bridge was constructed using the launching method due to a number of very stringent environmental restrictions 
near the project. These environmental issues included endangered mussel species residing in the Iowa, endangered 
plant species near the site and Native American artifacts near the site. In addition, a bald eagle roosting area was 
identified near the site. An extensive environmental monitoring program was established and maintained during 
construction. 
 
BRIDGE STRUCTURAL DESCRIPTION 
The bridge consists of two parallel deck superstructures, each with five equal spans of 92 m (302’). A 19 m (62’) 
prestressed concrete jump span is provided on each end of the steel unit. The I-girders were fabricated from ASTM 
A709 Grade 345 weathering steel; they are 3450 mm (11’) deep and spaced at 3600 mm (12’) centers. The web-depth 
choice was based not on strength requirements, but rather to reduce dead-load deflection during the cantilever-
launching phase to a reasonable level. Since any point along the girder length could become a bearing location during 
launching operations, the constant 22 mm (7/8”) web thickness was designed to serve as an unstiffened element for 
steel dead load. 
 
In order to make the I-girder superstructure act as much like a torsionally rigid box girder as possible during launching, 
a stiff system of diaphragms and lateral bracing was used. A diaphragm spacing of 7,000 mm (23’) was used for spans 
two through five, but was reduced to 3,500 mm (11’6”) in the leading span that would be cantilevered during launching. 
 
BRIDGE LAUNCHING SYSTEM 
The bridge superstructure was completely erected on steel falsework and custom-made 18” diameter rollers behind 
the east abutment. A 146’ long, tapered steel launching nose was erected at the leading end of the girders and used to 
reduce the cantilever deflection during each launching operation. After each span was launched forward, additional 
steel girder sections, including diaphragms and bracing, were pushed forward to land on the subsequent pier. The 
process was completed five times for each steel superstructure. After the complete launching of the eastbound girders, 
the falsework was removed and reinstalled to perform an identical launching of the westbound superstructure. 
 
STRUCTURAL MONITORING SYSTEM 
A structural monitoring program was developed by the ISU Bridge Engineering Center to evaluate critical aspects of 
the incremental launch procedure and the corresponding effect on the superstructure and substructure so that design 
assumptions could be verified. For the substructure, monitoring included measuring strain in the pier columns, rotation 
of the pier cap, and general displacement of the substructure system. Superstructure monitoring included measuring 
longitudinal strains at selected cross-sections in the steel girders, longitudinal strains in select cross-frame members, 
and contact strains in the girder bottom flange and web. In addition, the force required to launch the bridge was 
monitored. 
 
HNTB performed the preliminary and final design for the bridge and provided full-time onsite resident engineering 
expertise during construction. Jensen Construction served as general contractor on the project.  
 
REFERENCE 
LaViolette, M., “Pushing”, Structural Engineer, May 2003. 
LaViolette, M., McDonald, D., “Landmark Launch”, Modern Steel Construction, February 2004. 
Rogowski, D., “Green Giant”, Bridge Builder, January-March 2003. 
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PROJECT PHOTOS  

 
 

Launching system including transverse jacking beam 

Tapered launching nose on leading end of girders 

Vertical support roller and guide roller during launching 

Aerial view showing project worksite and girder bracing 

Girder erection performed in launching pit Project completed – opened 2003 
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BRIDGE TYPE AND MATERIAL CONSTRUCTION COST TITLE AND LOCATION (City and State) 

 
The Stoney Trail Bridge  
Calgary, Alberta, Canada 
Construction Completed 1997  
 

Superstructure 
5 – span double-

celled concrete box 
girder 

Substructure 
CIP concrete 

abutments and 
piers 

 
$48M (Canada) 

PROJECT PARTICIPANTS 
PROJECT OWNER 
 
City of Calgary, Canada 
800 Macleod Trail SE 
P.O. Box 2100, Stn. M. 
Calgary, AB Canada T2P 2M5 
Mail Code #230 
Phone: (403) 268-CITY (2489) 
Fax: (403) 538-6111 

PROJECT DESIGN FIRM 
 
J.R. Spronken & Associates Ltd. 
550 6 Avenue SW,  
Calgary, AB  T2P0S2  
Tel. 403-265-1123 
 

PROJECT CONTRACTOR 
 
Walter & SCI Construction (Canada) 
Ltd. 
Yarmouth, NS 
Phone: (902)742-2665 
(N/A) 

 
BACKGROUND 
The Stoney Trail Bridge is a horizontally curved, segmentally constructed bridge and was the second incrementally 
launched reinforced concrete bridge to be built in North America (first in Canada). Each of the concrete segments 
was built on one bank and then jacked horizontally into its final position atop 30 m high ‘Y’ shaped concrete piers. 
This structure is the featured element of a $48M (Canada) project forming the first leg of a long awaited northwest 
perimeter transportation corridor for the city of Calgary. The incremental launching technique was particularly well 
suited for this project because of the $1.5M (Canada) cost savings that this method offered, and also because of the 
sensitive nature of the surrounding environment: the south bank contains one of the few stands of Douglas Fir trees 
in this area. 
 
BRIDGE DESCRIPTION 
The bridge is a 476 m (1562 ft) x 21 m (68 ft), 5-span structure with a main span of 102 m (335 ft), 40 m (131 ft) 
above the Bow river valley. The superstructure consists of a 4.5 m (15 ft) deep girder elements. It consists of cast-in-
place concrete abutments, piers and superstructures. The superstructure section is a post-tensioned, double-celled 
monolithic concrete box structure and was cast in two stages: soffit and webs cast together, followed by the deck in 
two segmental casting beds. The box girder and deck was assembled in segments (total of 19 segments) on the 
north bank, post-tensioned with steel reinforcing cables, and then pushed from the north abutment to the south. 
Each completed segment (1200 tons) is 25.5 m (84 ft) long with the exception of end segments which are 22 m (72 
ft) long. 
 
BRIDGE CONSTRUCTION AND LAUNCHING 
The bridge construction involved curved, post-tensioned segmental concrete placed with hydraulic jacks for both 
vertical lifting and horizontal sliding. The bridge superstructure was pushed and pulled with hydraulic jacks over a 
system of temporary sliding bearings and lateral guides that were mounted on permanent and temporary piers. 
During the launching, external post-tensioning was performed inside each cell to provide the structural support.  
 
The bridge was launched on a 3 percent uphill grade, which required both friction and gravity forces be overcome. 
The entire casting yard was curved and superelevated to match the superstructure grade. Although casting yard 
production permitted a launching sequence to be undertaken every 7 days at the peak of operations, the overall 
fabrication of the 19 segments and 20 launching sequences took longer (approximately 40 weeks to complete) than 
anticipated primarily due to a slow learning process and weather constraints.  
 
A 180 tons steel launching nose was used to guide the concrete segments onto the piers. The 32 m (105 ft) nose 
served as a relatively lighter cantilever section to reach the next pier. This launching nose reduced bending stress in 
the precast bridge sections and ensures clearance with the next pier.  
 
Five intermediate temporary steel piers allowed the bridge to be launched between permanent piers with a 51 m 
(167 ft) cantilever span. Sliding bearings that consisted of groups of steel laminated elastomeric pads supported by 
concrete pedestals were placed on top of each of the temporary and permanent piers. In addition, thin low friction 
Teflon pads were installed on the top of each pier to reduce the friction between the pier and the bridge sections 
during launching operations. The Teflon pad moved with the superstructure over the bearing, requiring a crew to be 
stationed at bearing locations to pick up the slider pad, which would otherwise drop off the bearing, for reuse at the 
interface of the moving superstructure and the bearing.  
 
The lift/launch/drop mechanism required 2 sets of 3 hydraulic jacks, one set placed at the abutment and one on the 
first temporary pier. The front hydraulic jacks were used to compensate for vertical deflection as the nose landed at 
the oncoming sliding bearing. Each jack pushed 1300 tons and extended about 250 mm (10 in.). This lift/push/drop 
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sequence moved the superstructure in 250 mm (10 in.) increments. Approximately 5 to 8 hours were taken to launch 
a segment length of 25.5 m (84 ft). 
 
NOTE 
This bridge was constructed through a popular recreation area, Bowness Park. One of the main challenges of the 
project was to comply with environmental requirements for the sensitive areas of Douglas Fir trees and to ensure 
minimal disruption of Bowness Park. By utilizing the incremental launch technique, it was possible to concentrate the 
majority of the construction activities away from these areas. The bridge was assembled on the north bank and 
‘launched’ over the environmentally sensitive areas. The use of a temporary bridge over the Bow River allowed 
construction access to the south bank, with no access through Bowness Park. The precise/prestressed construction 
methodology reduced the amount of equipment and limited work crew contact with environmentally sensitive sites. 
Special attention was given to minimize the amount of runoff discharge directly into the river.  
 
REFERENCES 
Skeet, J., Lester, W., McClary, C., “Incremental Launch: The Stoney Trail Bridge:, Concrete International, Vol. 20, 
Issue 2, February 1998.  
McGarth, R., “Concrete Thinking in Engineered Structures”, Cement Association of Canada, 2002. 
 
 
PROJECT PHOTOS 
 

 
Launching nose supported by temporary steel pier 

 

 
Completed Bridge 
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BRIDGE TYPE AND MATERIAL CONSTRUCTION COST TITLE AND LOCATION (City and State) 

 
Brides Glen Bridge  
Dublin, Ireland  
Construction Completed 2003 
 

Superstructure 
3 – span post-

tensioned concrete 
box girder 

Substructure 
CIP concrete 

abutments and 
piers 

 
N/A 

 

PROJECT PARTICIPANTS 
PROJECT OWNER 
 

N/A 

PROJECT DESIGN FIRM 
 
Roughan and O’Donovan (ROD) 
Tony Gee and Partners (TGP)  

PROJECT CONTRACTOR 
 
Main contr.: ASCON 
Sub-contr.: VSL Systems (UK) Ltd. and 
TGP 

 
BACKGROUND 
In late 2003, VSL Systems (UK) Ltd. completed the construction of a pair of incrementally launched box girder bridges, 
which were one of a series of bridges on the South Eastern Motorway project at Brides Glen in Dublin, Ireland. Tony Gee 
and Partners (TGP), commissioned by VSL, worked closely with the contractor in this environmentally sensitive area to 
develop the overall launch methodology and a detailed deck design for the twin structures. The overall design was 
engineered to minimize material quantities and to optimize the construction advantages by incrementally launching the 
structures from one side to the other. 
 
BRIDGE DESCRIPTION 
Each bridge is a 160 m (525 ft) long and 20 m (65.6 ft) wide, three span post-tensioned concrete box girder structure. 
Each deck is divided into 10 segments varying between 15.3 m (50.2 ft) and 16.3 m (53.3 ft) in length. The segments 
were cast in two stages within a specially constructed casting cell behind one of the abutments. When the final segment 
was launched, the total weight of each bridge exceeded 6,000 tons. 
 
BRIDGE CONSTRUCTION AND LAUNCHING 
Given the unique nature of the bridge-launching operation, VSL and TGP was sub-contracted by the main contractor, 
ASCON, for the detailed bridge deck design and construction that was appropriate to the specific casting and launching 
method. While the outside shape of the deck and span layout from the original design was maintained, effort was given 
to simplify the internal arrangement of the deck and reduce the overall material quantities. First, the total number of 
segments was reduced from 13 to 10 per deck to shorten the overall casting program, which also suited the internal 
variations in web thickness. The section of the deck was also optimized with reduced web and slab thicknesses. While 
the original design proposed the use of both internal and external tendons, only internal prestressing tendons were used. 
This resulted in eliminating the heavy mid-span deviators.  
 
Permanent incremental launch pot bearings that were specially designed for both the temporary and permanent loading 
conditions were used in preference to temporary bearings at the piers and abutments. These special pot bearings 
consisted of a profiled top plate and stainless steel sliding surface for launching and avoided the need to substitute 
permanent bearings for the temporary ones after completion of the launch.  
 
The bottom slab and webs including the diaphragms were initially cast, followed by the top slab cast in a second stage. 
When sufficient strength of the concrete was attained, each segment was post-tensioned and launched out of the casting 
yard using hydraulic jacks. TGP undertook the design of the 28 m (92 ft) steel launching nose that was connected to the 
leading segment.  
 
The construction and launching of each segment was designed to be performed in a 7-day cycle. However, the actual 
construction and launching of the two decks took longer (11 months) than originally anticipated, partially due to 
difficulties in achieving sufficient concrete strength (50 MPa or 7.3 ksi). From the early trials, the contractor believed that 
concrete strengths of 25 MPa (or 3.6 ksi) could be attained within 36 hours with the use of super-plasticized concrete. 
However, it took up to 4 days for the concrete to achieve adequate strength for stressing and launching. As a result, over 
10 days were taken for the average cycle time for a segment to be completed. 
 
NOTE 
With the launch bearings placed beneath the webs during launching operations, the adoption of permanent bearings 
creates offset inside the web, which generates punching shear and localized bending in the bottom flange and box webs. 
Recognizing the lessons learned that the incorrect placement of the temporary bearings played an integral role in the 
collapse of the Injaka Bridge in South Africa in 1998, finite element analyses of the deck webs and bottom flanges were 
undertaken to investigate the behavior above the bearings during the launch. These analyses took into account the 
maximum possible inward eccentricity of the slipper pads during the launch and the effect of the un-grouted tendon ducts 
on the flow of stresses in this area was considered. To this end, it was decided to add additional slab and web 
reinforcement to resist the local bending and shear stresses co-existing with the global forces during the launch. 
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In order to validate assumptions made in the design, the project team monitored the loads and deflections in the deck 
during the launching operations. This monitoring was conducted by measuring the reactions of the hydraulic jack at the 
temporary supports and by surveying the deck levels at predetermined intervals during each launch phase. The 
comparison of the monitoring results with theoretical values resulted in a good general agreement. Where necessary, 
some adjustments of the reactions and levels were made within a prescribed range that reflected the design limits for the 
launch position.  
 
Following summarize some additional issues regarding incrementally launching prestressed concrete bridges: 
Details must account for both incremental launching and in-service stages to produce an efficient prestressing scheme. 
The designer must analyze complex stress distributions around incremental launch bearings to produce a safe design.  
Realistically achievable construction tolerances must be considered and incorporated into the design assumptions. 
The construction cycle is governed by the required early strength gain of concrete. 
 
REFERENCES 
Hewson, N. and Hodgkinson, A., “Incremental Launch of Brides Glen Bridge, Ireland”, Concrete, Vol. 38, Issue 7, 2004 
 
 
 
PROJECT PHOTOS 
 

 
Launching nose rested on a CIP concrete pier 

 

 
Casting of the first segment 
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BRIDGE TYPE AND MATERIAL  CONSTRUCTION COST TITLE AND LOCATION (City and State) 

 
Vaux Viaduct  
Vaud, Switzerland  
Construction Completed 1999 

Superstructure 
14 (13) – span steel-
concrete composite 

girder 

Substructure 
CIP concrete 

abutments and 
piers 

 
N/A 

 

PROJECT PARTICIPANTS 
PROJECT OWNER 
 
Etat de Vaud 

PROJECT DESIGN FIRM 
 
Giacomini & Joliet 
Realini & Bader SA 

PROJECT CONTRACTOR 
 
Steel construction: Zwahlen & Mayr SA 
Prestressing: VSL International 
Pot bearings and expansion joints: 
Mageba SA 

 
BACKGROUND 
The Vaux Viaduct, located beside the Lake of Neuchatel between Lausanne and Bern, Switzerland, is one the major 
bridges on the A1 highway. Due to environmental concerns in and around the region, the bridge was constructed by 
launching two large spans (130 m {426.5 ft} each). At the time this was one of the largest launched curved spans in the 
world that did not use any intermediate supports. 
 
BRIDGE DESCRIPTION 
The Vaux Viaduct is a steel-concrete composite bridge with a total length of a 945 m (3100 ft) and a width of 13.46 m (44 
ft). It consists of two independent structures, one for each driving direction. The north bridge is comprised of 14 spans 
while the south has 13 spans. The heights of the central piers are nearly 100 m (328 ft) above the Vaux Valley. Each 
bridge crosses the valley with two 130 m (426.5 ft) spans; the remainder of the bridge consists of shorter spans that are 
56 m (184 ft) to 62 m (203 ft) in length. The horizontal geometry consists of two circular curves, each with a radius of 
1000 m (3281 ft). 
 
BRIDGE CONSTRUCTION AND LAUNCHING 
The steel superstructure is made of weathering steel and was prefabricated and transported to the construction site in 
segments; the largest segment had a lengtm (105 ft) and a weight of 58 tonnes (64 tons). The transverse steel section 
for the long spans is a closed box girder with a depth linearly varying from approximately 6 m (20 ft) over the highest 
piers to 3.86 m (12.7 ft) at the end of the 130 m (426.5 ft) spans. A traditional twin plate girder section was used for the 
shorter spans.  
 
Traditional construction equipment and methods, such as cranes and simple launching, were used to place the steel 
superstructure for the short spans and for the parts of the bridge with short piers. The longer spans (box girders) were 
launched from east to west along the curved geometry of the highway creating a maximum cantilever of 130 m (426.5 ft), 
which was one of the longest in the world. A 35 m (115 ft) long launching nose was used to reduce the bending moments 
in the cantilever. This was followed by a two-beam girder of about 45 m (147.6 ft) in length with no provisional staying 
attached to the girder.  
 
Segments of 32 m (105 ft) girders were assembled and launched every two weeks (on average) with the total length of 
the launched girder and the maximum weight of a launch reaching approximately 400 m (1312 ft) and 16000 kN (3597 
kips), respectively. Generally, one day was required to carry out the launching operations for a single stage with a 
launching speed of about 10 m/hr (33 ft/hr). Hydraulic jacks, placed on the top of the piers with a temporary anchorage 
system, were used to lift the girder nose. The maximum deflection that occurred as the launching nose reached the piers 
was 4.5 m (14.8 ft). 
 
NOTE 
Uncertainties and the relatively complex geometry of the bridge - including horizontal curvature and variable depth box 
girders - caused significant challenges that needed to be addressed during construction. The erection procedures and 
the launching operations required careful planning based on detailed calculations to evaluate the uncertainties regarding 
the support reactions and the patch-loading resistance.  
 
Considering the uncertainties with respect to the patch loading resistance and due to the sensitivity of the support 
reactions caused by the large torsional stiffness of the box girder, the indirect loads and the construction tolerances, it 
was decided to monitor the bridge in real-time in order to better control the reaction distribution and to make corrections 
if necessary. The continuously measured reactions were compared with the predicted values and the level of the 
supports was adjusted whenever the reactions diverged more than 15 percent from the predicted values. Two 
adjustments were typically needed for the launching of a 30 m (98.4 ft) section. These adjustments, which did not cause 
significant delays, were made by either placing thin plates under the sliding shoes on the fixed supports on several piers 
or varying the levels of the supports behind the abutment.  
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With the real-time monitoring of the bridge, the project team was able to correct the support reactions, keep the applied 
patch-loads within the accepted limits, and properly adjust the vertical support positions during launching, allowing the 
successful completion of the complex erection process. 
 
REFERENCE 
Lebet, J., “Composite Construction in Steel and Concrete V”, Proceedings of the 5th International Conference, July 
2006. 
 
 
 
PROJECT PHOTOS 
 

 
Launching of the steel structure, 130 m cantilever (Courtesy of Jean Jecker) 
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BRIDGE TYPE AND MATERIAL CONSTRUCTION COST TITLE AND LOCATION (City and State) 

 
Serio River Bridge 
Bergamo, Italy 

Superstructure 
19 – span double-cell 

precast box girder 

Substructure 
CIP concrete 

abutments and piers 

 
N/A 

 

PROJECT PARTICIPANTS 
PROJECT OWNER 
 

N/A 

PROJECT DESIGN FIRM 
 

 N/A 
 

PROJECT CONTRACTOR 
 

N/A 
 

 
BACKGROUND 
The Serio River Bridge, located near Bergamo in northern part of Italy, crosses a distance of approximately 800 m (2600 
ft) over the Serio River and was constructed in an area with sloping topography and a wide turbulent riverbed. The 
design and construction of this bridge was governed by these restraints, ruling out the use of erection on false work. 
Instead, incremental launching was chosen for the construction and medium spans and circular piers were adopted to 
minimize scour and erosion from the rushing currents. This project was one of the most significant applications of the 
incremental launching techniques utilized in Italy, and one of the few such constructions that has a double-celled cross 
section. 
 
BRIDGE DESCRIPTION 
The bridge consists of 38 segments of a slender precast box girder structure with seventeen 42.6 m (140 ft) interior 
spans and two 36.4 m (120 ft) end spans. The deck is 2.3 m (7.5 ft) deep in depth with a length-to-height ratio of 18.5. 
The bridge is supported by cast-in-place piles that are 1.2 m (3.9 ft) in diameter. These piles are drilled 15 m (49.2 ft) into 
the ground. The piers and pier caps are cast in steel formwork. The superstructure is fixed to the central pier to reduce 
movements at bearings and at expansions joints.  
 
The girder consists of a central web and lateral webs. The central web was designed to resist the majority of the shear 
force while the lateral webs channel eccentric loads towards the central web. This design allowed the girder to resist 
torsion and distortion during both launch and service conditions. A board-marked finish was used to give texture to the 
bridge. 
 
BRIDGE CONSTRUCTION AND LAUNCHING 
The bridge launching construction method was chosen for this bridge because of the previously mentioned turbulent 
river conditions. The bridge was friction-launched across the river valley in 38 segments. These 38 segments box girders 
were match-cast in a yard just beyond the east abutment. Each segment was cast on-site and transported to the staging 
area by a gantry crane. The steel cage for the first casting phase (bottom slab, webs, cantilevers, and side curbs) was 
assembled and inserted into the formwork by a lattice hangar. Later, the internal steel cage was placed into the form. 
The gantry crane was covered to shield it during bad weather. This allowed the project teams to cast a deck segment per 
week (3 m {10 ft} of complete superstructure per calendar day, which required less than 5 hours of labor per square yard 
of deck surface including mobilization and demobilization).  
 
The superstructure was launched by means of a friction launcher over bearings spaced 1.1 m (3.6 ft) apart in the 
transverse direction (i.e., the deck was moved over launching bearings on each pier cap). During each launch, the 
superstructure was guided by pivots acting in an axial offset. This approach allowed the rounding of the deck corners, 
otherwise used as transverse constraint. The parameters of the superstructure and launching system were monitored to 
assure they stayed within the specified limits. 
 
NOTE 
The Serio River Bridge project had to overcome two problems that were caused by launching bearings and work 
stoppage. The bearings used to support the bridge during launch were vital to the success of the launch. Due to 
geometric irregularities in formwork, positional tolerances, and human involved errors, small misplacements between the 
two bearings were created, which in turn generated secondary stresses (torsion and distortion) on the superstructure. 
These were minimized by imposing strict tolerances in formwork and bearing positioning. In addition, plasticization of 
launching bearings was used to limit stresses in the deck. 
 
When the 8th deck segment was completed, there was a contract dispute causing a work stoppage for 21 months. This 
stoppage produced large creep deformations in the superstructure. Although these deformations did not cause an 
impediment to the completion of the project, a few alterations to the launching device (e.g., launching nose, launching 
bearings and external tendons) had to be made to account for effect of creep deformation; the bottom flanges of the 
launching nose were shimmed to account for the deformation in the front deck zone; the launching bearings were 
realigned by inserting shimming steel plates and all neo-flon plates were replaced; finally, a pair of temporary 
prestressing tendons was anchored to the deck to account for the moment capacity being exceeded. However, no 
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adjustments were made on the structure itself. Even with these unusual problems that the project team had to overcome, 
the incremental launching method proved to be a viable method of construction. 
 
REFERENCE 
Rosignoli, M., “Creep Effects During Launch of the Serio River Bridge”, Concrete International, Vol. 22, Issue 3, March 
2000 
 
 
 
PROJECT PHOTOS 
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BRIDGE TYPE AND MATERIAL CONSTRUCTION COST TITLE AND LOCATION (City and State) 

 
Woronora River Bridge 
New South Wales, Australia  
Construction Completed 2001 

Superstructure 
10 – span single-cell 
prestressed concrete 

box girder 

Substructure 
CIP concrete 

abutments and 
piers 

 
$44.8 million 
(Australia) 

PROJECT PARTICIPANTS 
PROJECT OWNER 
 
Roads and Traffic Authority of New South 
Wales 

PROJECT DESIGN FIRM 
 
Structural design: RTA & Taylor & Herbert 
Consultants Pty. Ltd. 
Field service and design: PERI Australia 

PROJECT CONTRACTOR 
 
Contractor: Barclay Mowlem Pty. Ltd. 
Launching: Leonhardt Andra & Partner 

 
BACKGROUND 
The 521 m (1709 ft) long Woronora River Bridge connects the suburbs of Sutherland and Menai with the southern part of 
Sydney, Australia. At the time of its construction, it was the largest incrementally launched bridge in Australia. A downhill 
grade of 4.7 percent also makes this bridge one of the steepest incrementally launched bridges in the world. The 
horizontal alignment consists of a 450 m (1476 ft) radius curve which extends the entire length of the bridge. 
 
BRIDGE DESCRIPTION 
The bridge a 521 m (1709 ft) x 19.6 m (64.3 ft), 4 m (13 ft) deep single cell prestressed concrete box structure consisting 
of 10 spans with varying span lengths: 36 m (118 ft), 47 m (154 ft), 6 x 58.7 m (193 ft), 49 m (161 ft) and 36 m (118 ft). It 
provides 4 traffic lanes with an additional lane provided at each end of the bridge for left turning traffic. In addition to 
traffic lanes, a 3.5 m (11.5 ft) wide pedestrian lane was provided as a suspended structure beneath the northern 
superstructure cantilever. The superstructure is supported by 9 hollow piers that are up to 36 m tall. These piers are 
supported on piled foundations or spread footings and reduce in size towards the top with a side elevation taper of 
1:100. 
 
BRIDGE CONSTRUCTION AND LAUNCHING 
Two 30 m long section installations were used for the superstructure construction. The base slab and webs of the first 
section were constructed first, followed by the concreting of the roadway slab in the next cycle. The sections were 
launched over the piers using hydraulic jacks on a weekly cycle. Due to site constraints, construction involved 
incremental launching on a downhill slope of 4.7 percent that caused the biggest obstacle for the contractor. Because of 
this large downhill grade and to ensure maximum control of the launch, the superstructure was launched using a cable 
braking/launching system, which resembles a heavy lift system; this system used modified prestressing jacks and cables 
that are comprised of prestressing strands. In this use the cables and jacks were rotated to be parallel to the soffit of the 
box girder. Three fixed prestressed cables were installed between the casting bed and the abutment and heavy jacks 
were installed at each cable. The two outside jacks provided the braking force while the central jack provided the 
launching force. 
 
Typically, Australian bridge launches use temporary bearings during launching operation that are later replaced with 
permanent pot bearings once the last segment is launched. The replacement of bearings was avoided in this project by 
using permanent laminated elastomeric bearings that are capable to deform transversely and longitudinally in all 
directions. Piers and launching bearings were continuously monitored during the launching operation to prevent them 
from being overloaded. 
 
NOTE 
The construction process was completed without any major impediments except the steep downhill. The spans were 
cast in two separate segments due to their large size. Two separate casting beds were used to speed up the casting 
process. In the first casting bed, the bottom flange and webs were constructed and precast ribs installed. In the second 
casting bed, the top flange was constructed and the prestressing operations were carried out.  
 
The Woronora River Bridge is one of the largest incrementally launched bridges in Australia. By using the incremental 
launch method, the need for scaffolding was eliminated. However, the challenge of downhill launching required exact 
design engineering and absolute precision during the construction and launching operations. The safety outcome on the 
project was thought to be good given the risks that needed to be managed on an incrementally launched system of such 
complexity, size and nature. After launching the 521-m (1709-ft) long superstructure, which was carried out 36 m (118 ft) 
above water, the $44.8 M (Australia) project reached its destination within accuracy of 2 mm (0.08 in.). 
 
REFERENCE 
Bennett, M. and Taylor, A., “Woronoroa River Bridge, Sydney”, Structural Engineering International, Vol. 12, No. 1, 
February 2002. 
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PROJECT PHOTOS 
 

   
Three sets of VARIO fitted with 18 mm Fin-Ply was enough to construct the piers in Class 2 fair-face concrete to 
Australian standards. 
 

 
PERI supplied an ideal formwork concept. It led to a fast and economical completion of the bridge pillars. 
 
 

 
After erecting the internal web formwork the precast reinforced concrete beams were concreted with the trough. Then it 
was pushed hydraulically by one section length. 

 
Placing the precast reinforced concrete beams and assembling the internal diaphragm formwork in casting bed 1. 
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BRIDGE TYPE AND MATERIAL CONSTRUCTION COST TITLE AND LOCATION (City and State) 

 
Bandera Bridge 
Slovenia  
Construction Completed 1995 

Superstructure 
9 & 8 – span 

prestressed concrete 
box girders 

Substructure 
CIP concrete 

abutments and 
piers 

 
N/A 

 

PROJECT PARTICIPANTS 
PROJECT OWNER 
 
Republic of Slovenia 

PROJECT DESIGN FIRM 
 
Viktor Markelj, Ponting Inc., Maribor  

PROJECT CONTRACTOR 
 
SGP Primorje, Ajdovscina 

 
BACKGROUND 
The Bandera Bridge, located on the Ljubljana-Trieste Highway, is the first externally prestressed concrete bridge that 
was erected by incremental launching in Slovenia. The bridge has a horizontal curve of approximately 1500 m (4921 ft) 
in radius and a longitudinal inclination of 5 percent. 
 
BRIDGE DESCRIPTION 
The Bandera Bridge consists of two separate viaducts, both with varying span lengths: one with 9 spans (2 x 24 m {78.7 
ft}, 6 x 33.6 m {110.2 ft} and 22.8 m {74.8 ft}) and the other with 8 spans (2 x 24 m {78.7 ft} and 6 x 33.6 m {110.2 ft}). 
Each viaduct is an externally prestressed hollow concrete box girder bridge and is 13.72 m (45 ft) wide. 
 
BRIDGE CONSTRUCTION AND LAUNCHING 
The construction of each individual 16.80 m (55.1 ft) long box girder segment took approximately one week. The box 
girders were prestressed with straight bonded strands in the upper and lower slabs. External polygonal strands run the 
inside the box. The box girder was designed to be a trapezoidal form with two cantilevers that are 3.23 m (10.6 ft) long 
extending from each side of the girder. The thickness of the webs and of the upper slab of the box girder was designed 
to be constant for simplified, efficient fabrication and launching. 
 
The bridge was launched, using a cable braking system, over the piers toward the lower abutment. The highest and 
lowest friction coefficients of 0.080 and 0.015, respectively, were used in dimensioning the pushing and braking devices. 
During launching of the girder, the displacements of the column heads were monitored for correct alignment. 
 
NOTE 
The Bandera Bridge is a good example of a cost-effective bridge that was erected by incremental launching in Slovenia. 
The bridge was fabricated and launched in a very short period of time without any significant issues. The use of bonded 
straight internal tendons and additional external unbounded tendons in the box girder allowed for simplified execution 
and rationalization of the structure. Static and dynamic tests performed on the bridge verified that the bridge behavior 
was as expected. 
 
REFERENCE 
Saje, F. and Markelj, V., “Bandera Bridge, Slovenia”, Structural Engineering International, Vol. 7, No. 1, February 1997. 
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BRIDGE TYPE AND MATERIAL CONSTRUCTION COST TITLE AND LOCATION (City and State) 

 
San Cristobal Bridge 
Chiapas, Mexico 
Construction Completed February 2006 

Superstructure 
3 spans - curved 

steel composite and 
orthotropic box 

girders 

Substructure 
CIP concrete 

abutments and 
piers 

 
N/A 

 

PROJECT PARTICIPANTS 
PROJECT OWNER 
 
Mexican Secretary of Communication and 
Transportation 

PROJECT DESIGN FIRM 
 
 T.Y. Lin International 

PROJECT CONTRACTOR 
 
Ingenieros Civiles Asociados – ICA 
T.Y. Lin International 

 
BACKGROUND 
The San Cristobal Bridge is a 3-span, continuous curved steel composite and orthotropic box girder bridge that crosses 
a deep canyon. This bridge provides an important link between the cities of Tuxtla-Gutierrez and San Cristobal. The 
steep topography across the deep canyon made cast-in-place construction questionable and the designer decided that 
the incremental launching of the superstructure from both sides of the canyon would be an economical solution. Initial 
construction of the bridge began in early 2003. Shortly after all segments had been launched, the structure on the Tuxtla-
Gutierrez side collapsed while the San Cristobal side of the bridge remained erect. After the collapse, T.Y. Lin 
International was hired by the new contractor (Ingenieros Cliviles Asociados) to investigate the cause of the collapse, to 
redesign the structure, and to complete the erection. 
 
BRIDGE DESCRIPTION 
The 323-m (1060-ft) long bridge consists of thee spans with a 180-m (591-ft) interior span and two 71.5-m (234.6-ft) end 
spans. The superstructure is supported on two intermediate piers and two end abutments. The structural system of the 
deck is comprised of an unconventional mix of orthotropic steel deck segments with a composite post-tensioned box 
girder. The central portion of the main span is comprised of lighter orthotropic box girder segments while the rest of the 
main span and the end spans consist of heavier composite (concrete-steel) box girder segments. These variations were 
intended to prevent the overturning and uplift at the abutments, and to provide stability during launching. 
 
CAUSE OF COLLAPSE AND CORRECTIONS MADE 
 
The site investigation led to a conclusion that the primary cause of the collapse was due to the failure of the shear 
connectors, which were inadequately designed and poorly welded to the top flange. This resulted in the loss of 
composite action of the girder cross section over the pier on the Tuxtla-Gutierrez side. 
 
Before the re-construction was begun, damage assessment was performed. Significant delamination of the concrete slab 
was found on the Tuxtla-Gutierrez side while noticeable cracks were found on both sides. In addition, one of the piers 
had substantial damage from the collapse. Several alterations and modifications were made to ensure the safe erection 
of the structure including the addition of shear studs, increasing deck post-tensioning during launching, increasing the 
concrete slab strength, and the addition of plate stiffeners to the bottom flange and webs. 
 
BRIDGE CONSTRUCTION AND LAUNCHING 
The bridge was launched from both abutments, half of the bridge from the Tuxtla-Gutierrez side and the other half from 
the San Cristobal side; the segments were subsequently connected at midspan. The launching sequence used during 
the second launch was similar to the original launching sequence. The San Cristobal side was partially pulled back to 
make necessary alterations on the box girders, after which the bridge was launched back to its final position. The project 
encountered minor impediments on the San Cristobal side when the cantilever was launched back out to the piers. Minor 
cracks in the concrete slab caused significant deflection in the cantilever. This problem was corrected by raising the 
abutment supports and inducing rigid body rotations of the deck to match the elevations at both ends. 
 
The new segments on the Textla-Gutierrez side were fabricated and assembled directly behind the abutment. Limited 
space on the launching platform forced the contractor to assemble and launch simultaneously. 
 
The launching of the composite segments with the concrete deck already cast in place could cause large negative 
moments to the composite segments. Extra longitudinal post-tensioning was, therefore, provided to overcome these 
negative moments introduced by this unusual combination, and to prevent tension and cracking of the concrete slab. 
 
NOTE 
The San Cristobal Bridge was constructed using incremental launching methods mainly due to the steep topography at 
the site. The launching of a composite section with post-tensioned slab, however, appeared to be not practical method 
because of the complexities and uncertainties involved in the actual stress distribution and effective width of the slab. 
Even with a careful analysis and control of the loads, the bridge experienced some cracking in the slab and deflections 
that were larger than anticipated.  
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REFERENCE 
Nader, M., Manzanarez, R., Lopez-Jara, J., De La Mora, C., “Launching of the San Cristobal Bridge”, Proceedings from 
the Transportation Research Board, 2007 
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Collapsed structure on the Tuxtla-
Gutierrez side 

Failed shear studs and poor welding 
of shear studs on top flange 

Existing and additional shear studs Completed structure of the new San 
Cristobal Bridge 
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BRIDGE TYPE AND MATERIAL CONSTRUCTION COST TITLE AND LOCATION (City and State) 

 
Ile Falcon Bridge  
Valais, Switzerland  
Construction Completed 1998 & 1999 

Superstructure 
15 – span 

Prestressed concrete 
box girder 

Substructure 
CIP concrete 

abutments and 
piers 

 
Constr. Cost = $20M 

(USD) 
 

PROJECT PARTICIPANTS 
PROJECT OWNER 
 

N/A 

PROJECT DESIGN FIRM 
 
SD Ingenierie Deneriaz & Pralong Sion 
Bureau d’ingenieurs SA 
Andenmatten SA 

PROJECT CONTRACTOR 
 
Ambrosetti & Zschokke 
Freyssinet SA 

 
BACKGROUND 
The Ile Falcon highway bridge is two prestressed concrete box girders that cross the Rhone River in the mountainous 
Valais region of Switzerland. The project involved the construction of two parallel 720 m (2400 ft) long curved bridges 
that are similar in design and construction. The construction of each bridge was completed in 1998 (north bridge) and 
1999 (south bridge). Only the construction of the north bridge is summarized herein. 
 
BRIDGE DESCRIPTION 
The bridge consists of 15 spans and features varying girder depths, span lengths, and top slab widths. The girder is 2.15 
m (7.1 ft) deep at the abutments and has the maximum depth of 3.7 m (12 ft). The span lengths varies from 27.4 m (90 
ft) at the bridge ends to 73 m (240 ft) in the central portion that crosses the river. The superstructure is supported by 5-m 
(16-ft) diameter circular piers that were designed to also provide lateral stability during both launching and service. Fixed 
bearings were used at the middle piers to stabilize the bridge in the longitudinal direction. 
 
BRIDGE CONSTRUCTION AND LAUNCHING 
Bridge launching operations were carried out in 41 weekly stages with a standard launching stage of 18.25 m (60 ft) 
long. A U-shaped channel for the next stage was case each week along with the top slab of the previous stage and the 
parapets of the before-last stage. Due to the varying web depth, the channel and the top slab were cast with offsets.  
 
The launching operation involved downhill launching due to the road transitions adjacent to a tunnel at the lower western 
abutment; this was also done to reduce the launching forces. Because the girder was launched from the higher east 
abutment to the lower west abutment, the project team developed a system that was capable of both pushing the bridge 
to initiate the sliding and holding it back once the initial friction resistance at the launching saddles is overcome (i.e., a 
braking mechanism). The holding mechanism was required due to the kinematic friction coefficient being significantly 
less than the downhill slope. In the last launching stages, engineers artificially increased the friction at the launching 
saddles by using timber plates at some launching saddles.  
 
During the launching operations, the project team used a lateral guiding system that provided guiding forces 
perpendicular to the girder axis (i.e., deviating forces for the axial launching force in the girder) to keep the curved girder 
on the correct alignment. This lateral guiding system was installed on the permanent piers at approximately 250 m (820 
ft) intervals. 
 
NOTE 
One of the main challenges of the project was to comply with unusually complex geometry of the superstructure. This 
geometrical complexity required significant attention during both the design and construction stages to define and 
implement the correct geometry. Equally critical was the rigorous topographical control of the casting bed, particularly 
because the launching had a large number of casting/launching stages. The Ile Falcon bridge project demonstrated that 
incremental launching can be a viable construction method for a curved bridge if proper attention and rigorous quality 
control are involved. Overall, the project proceeded smoothly and proved to be economical when compared to alternative 
construction methods. The bridge construction was completed on time and within the anticipated budget. 
 
REFERENCE 
Favre, R., Badoux, M., Burdet, O., Laurencet, P., “Incremental Launching fo the Ile Falcon Bridge”, Concrete 
International, Vol. 21, Issue 2, February 1999. 
Favre, R., Badoux, M., Burdet, O., Laurencet, P., “Design of a Curved Incrementally Launched Bridge”, Structural 
Engineering International, Vol. 9, Issue 2, May 1999. 
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                Bridge under Construction                                                     Bridge casting sequence 
 

 
Permanent and temporary piers of the north bridge 
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BRIDGE TYPE AND MATERIAL CONSTRUCTION COST TITLE AND LOCATION (City and State) 

 
Panval Nadhi Viaduct 
India 
Construction Completed 1995 

Superstructure 
11 – span 

prestressed concrete 
box girder 

Substructure 
CIP concrete 

abutments and 
piers 

 
N/A 

 

PROJECT PARTICIPANTS 
PROJECT OWNER 
 
Konkan Railway Corporation Ltd. 

PROJECT DESIGN FIRM 
 
 Shrish Patel & Assoc. Ltd. 

PROJECT CONTRACTOR 
 
Larson & Toubro Ltd. – ECC Group 
Wayss & Freytag AG, Germany 

 
BACKGROUND 
The 760 km long Konkan Railway in western India required the construction of 143 major bridges, 1670 minor bridges 
and 75 tunnels. One of these bridges is the Panval Nadhi Viaduct. With columns up to 65 m (213 ft) in height, this bridge 
is the tallest bridge on the Konkan Railway and is an essential link in the Konkan Railway. Due to the deep valley (20 to 
60 m {66 to 197 ft}) that had to be crossed, commonly used cast-in-place erection methods were ruled out as a viable 
construction techniquen and an incremental launch method was chosen for the construction. 
 
BRIDGE DESCRIPTION 
The bridge consists of 11 spans with two 30-m (98.4-ft) exterior spans and nine 40-m (131.2-ft) interior spans. The 
superstructure is a continuous prestressed concrete box girder that supports the track and a cable duct, with a footpath 
on one side of the track. The continuous deck is supported on low-friction polytetraflouride (PTFE) bearings at the 
abutments and at the piers. All of the substructure elements are founded on solid rock. Each pier is 3.8 m (12.5 ft) wide 
at the cap level and has a hollow, tapered octagonal cross section with a constant wall thickness of 325 mm (12.8 in.). 
The superstructure is anchored at one abutment with expansion joints at the other. The piers and abutments were 
designed for primarily for transverse wind and earthquake-induced loads. 
 
BRIDGE CONSTRUCTION AND LAUNCHING 
A casting yard was located 80 m (262.5 ft) behind the abutment that was fitted with the expansion joint to assure 
alignment of the pre-cast girder. In order to control the exact alignment of the bottom of the box girder, 50-tonne (55-ton) 
capacity hydraulic jacks were used to support the girder at 5-m intervals. A 30 m (98.4 ft) long steel launching nose, 
connected to the lead segment, was used to reduce cantilever bending stresses during launching. Temporary sliding 
bearings, consisting of 30 mm (1.2 in.) thick machined steel plates covered with 4 mm (0.16 in.) thick stainless steel 
plates, were installed at the grade level of each pier and each abutment to facilitate launching. 
 
The bridge was launched across the valley from pier to pier using two prestressing jacks that were placed at the free 
abutment; the jacks reacted against a temporary A-frame anchored at the top of the abutment. When the jacks were 
activated, a set of prestressing strands, 15.2 mm (0.6 in.) in diameter, were locked at the rear end of the box girder by 
spreader beam. Once the launching force exceeded the static frictional force between stainless steel and PTFE layer, 
the box girder started sliding. Each jack had a strok of approximately 180 mm (7 in.). 
 
NOTE 
A high degree of accuracy was required to ensure that the box girder was aligned correctly because any unanticipated 
misalignment could cause secondary and unaccounted for stresses in the launched box girder. This accuracy was 
controlled by utilizing lateral guide bearings fixed every 10 m (32.8 ft) to temporary columns, abutments, and piers. The 
contract called for a maximum accepted disparity of 20 mm (0.8 in.) slope-out in the overall height of a pier. For the 
tallest pier, the tolerance was 0.00033 mm/m (4.0x10-6 in./ft). This accuracy was achieved by close monitoring during 
launching operations. Overall, the construction proceeded smoothly and the entire bridge was fabricated and erected in 
time with no significant issues. 
 
REFERENCE 
Ramakrishna, A. and Sankaralingam, C., “Panval Nadhi Viaduct, India”, Structural Engineering International, Vol. 7, No. 
3, August 1997. 
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Pier slipforming 

 
 
 

 
Completed bridge 
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BRIDGE TYPE AND MATERIAL CONSTRUCTION COST TITLE AND LOCATION (City and State) 

 
The Wabash River Bridge 
Covington, Indiana  
Construction Completed 1977 

Superstructure 
6 – span double-

celled concrete box 
girder 

Substructure 
CIP concrete 

abutments and 
piers 

 
Superstructure = 
$1.67M (USD) 

 

PROJECT PARTICIPANTS 
PROJECT OWNER 
 
Indiana DOT 
Anne Rearick, P.E. 
100 N. Senate Ave, Room N642 
Indianapolis, IN 46204 

PROJECT DESIGN FIRM 
 
VSL Corporation, Los Gatos, Calif.  

PROJECT CONTRACTOR 
 
Roger Construction Co.  
Weddle Brothers Construction Co. 
Launching: VSL Corporation 

 
BACKGROUND 
The Wabash River Bridge, a replacement for a structural steel bridge build in 1915, is a part of the US Route 136, 
located in the vicinity of Covington, Indiana, approximately 128.7 km (80 miles) west of Indianapolis, Indiana. It is thought 
to be the first incrementally launched concrete box girder bridge to be built in the US. Its construction involved the use of 
a launching nose, temporary bridge supports, and hydraulic launching jacks to advance the girders from the fabrication 
area across the river. 
 
BRIDGE DESCRIPTION 
The Wabash River Bridge is a 285 m (935 ft) by 14.17 m (46.5 ft) double-celled concrete box girder structure with two 
28.5 m (93.5 ft) end spans and four 57 m (187 ft) interior spans. The box girders are 2.4 m (8 ft) in depth and are 
supported by 6.1 m (20 ft) wide, 2 m (6.5 ft) thick, and approximately 12.2 m (40 ft) high solid wall piers that are founded 
on solid rock. The structure is straight and level both in elevation and in plan. The piers are skewed 10 degree while the 
abutments are orthogonal (not skewed). 
 
BRIDGE CONSTRUCTION AND LAUNCHING 
The superstructure was constructed in 20 segments with each 14.25 m (46.8 ft) segment constructed in two stages; 
specifically, the bottom slab was constructed first followed by the webs and deck slab. Post-tensioning of the various 
elements was carried out once the concrete strength reached 24.1 MPa (3.5 ksi). Four temporary piers were used in the 
interior spans during launching, dividing the structure into 10 equal spans of 28.5 m (93.5 ft). On average, it took 2.5 
hours to launch one 14.25 m (46.8 ft) segment. 
 
Two hydraulic jacks (one for horizontal sliding and the other for vertical lifting with the capacity of 2670 kN [300 ton] and 
3560 kN [400 ton], respectively), designed and manufactured by VSL, were used for launching. A horizontal jack was 
connected to the casting bed and the abutment on one end and to the vertical jack at the other end.  
 
Two cross-braced structural steel plate girders attached to the cantilever end of the first segment were used as a 
launching nose. Due to the axis of the piers not being perpendicular to the center line of the bridge, these plate girders 
were fabricated in two different lengths (16.5 m [54 ft]and 17.7 m [58 ft]) so that they would reach the pier at the same 
time.  
 
On each pier, permanent bridge bearings were placed 1 in. below the final elevation such that the superstructure would 
pass over them. These bearings were raised and welded onto steel plates after the bridge was set into its final position. 
 
NOTE 
Four different designs were initially considered: a precast cantilever method (original design), an incrementally launching 
method, segmental construction on falssework, and the commonly used cast-in-place method. Some unpredictable 
characteristics of the Wabash River ruled had some influence in selection of the erection method. Although the bridge 
was to be constructed 11 m (36 ft) above the mean water level, the Wabash River can rise considerably, as much as 6.1 
m (20 ft) in 24 hours and can happen almost any time of the year. Thus, the conventional construction methods were 
thought to cause some danger/risk and were therefore ruled out. In addition, among the four alternatives, the incremental 
launching method, proposed by VSL, turned out to be the most economical with the cost saving of approximately 
$200,000 over the precast cantilever method. 
 
REFERENCE 
Swanson, David T, “Launching a Concrete Bridge Saves $200,000”, Concrete International, Vol. 1, Issue 4, April 1979. 
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Steel plate girder launching nose attached to first bridge segment 

 
 
 

 
Bridge casting bed cross section 
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STRATEGIC PLAN FOR INCREASING USE OF INCREMENTAL LAUNCHING 
METHOD  

The implementation of research results, no matter how comprehensive and practical, is perhaps 
the most difficult part of any research project. In order to increase the application of an 
innovative construction process such as the ILM, the entire bridge community must be engaged 
for a variety of reasons. In order to construct a bridge over a challenging obstacle, the bridge 
owner must be committed to the additional risk and expense that a new or untested process 
entails. Bridge designers must begin to consider the construction method early in the design 
process and understand the additional analysis that will be required. Contractors, and their 
erection engineers, must be willing to work cooperatively with the design team to solve the 
problems that almost inevitably arise with a new process and design a launching system which is 
well-suited to existing or readily available specialty equipment such as jacks and rollers.  

A recommended strategic plan to promote the wider use of the ILM consists of a number of 
approaches that, in concert, would be expected to increase the exposure of this bridge 
construction technology to a wider audience. It is recognized that incremental launching is not 
the ideal construction method for every bridge project. However, it is thought that a wider 
understanding of the applicability and potential benefits would allow potential owners, designers 
and contractors to make a well-informed decision as to its use for their upcoming projects. The 
elements of the recommended strategic plan are as follows: 

• Organize an expert group of owners, designers and contractors with personal 
experience with bridge launching who would be willing to advise owners regarding 
the value and applicability of the launching method to their particular project. This 
program might be patterned after the ongoing FHWA Accelerated Construction 
Technology Transfer (ACTT) program which arranges a group of qualified experts in 
a wide-range of disciplines to present a multi-day workshop for a particular project. 
The workshop is used to promote brainstorming and develop critical 
recommendations for accelerated construction projects around the county. 

• Establish a series of cooperative agreements with bridge-related technical 
organizations associations such as NSBA, PCI, ASBI and other similar groups to 
provide information and encourage the writing of technical papers and presentations 
at future national/regional meetings. 

• Encourage the publication of practical case study-type articles in trade publications 
such as Civil Engineering, Engineering News Record and Concrete International. One 
potential location for wide-spread exposure to the industry is the new PCI Aspire 
magazine which is distributed free of charge to the target audience of bridge owners, 
designers and contractors.  It should be noted that an article has just been published in 
the October 2007 issue of Concrete International entitled “Launch and Shift of the 
Tiziano Bridge”. This article provides a detailed case study of a twin-concrete box 
girder bridge in which the first girder was launched and then slid transversely to 
permit the subsequent launch of a second parallel girder using the same equipment.  

• In the past few months, a number of presentations have been made at regional and 
national conferences to address the growing interest in using the incremental 
launching method. Each of these presentations was well-attended and generated much 
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interest among state DOT engineers. These presentations include the following: 
o A series of “brown bag” presentations was delivered to the Utah and Oregon DOT 

bridge engineering staff  
o An eight hour seminar devoted exclusively to bridge construction by incremental 

launching was presented at an ASCE conference in Sacramento in September 
2007. 

o A presentation entitled “Incremental Launching of Bridges in Europe” was 
delivered at the Western Bridge Engineers Seminar in Boise, ID in September, 
2007 

o The design and construction of the innovative curved steel girder Kicking Horse 
Canyon Bridge was presented at the World Steel Bridge Symposium in December 
2007 

• Secure the assistance of specialty equipment manufacturers such as Hilman, VSL, 
Freyssinet, Enerpac and others to provide additional examples, details and technical 
assistance to support the use of incremental launching for appropriate project 
locations. 

• Promote cross-collaboration between concurrent and closely related research projects. 
The research team for the current study has recently been contracted through the 
Strategic Highway Research Program to serve as co-investigators on project R04 
Innovative Bridge Designs for Rapid Renewal.  During this study, additional 
investigation of accelerated bridge construction techniques will be performed with the 
intent of developing design specifications for rapidly constructed bridges. 

• Assist interested state DOT bridge owners in applying for funding for innovative 
bridge construction methods through the FHWA Innovative Bridge Research and 
Deployment program. This program has been established with the expressed intent of 
directing discretionary funding to projects which will yield tangible transportation 
and safety benefits.  

 
It is anticipated that a combination of these efforts, as well as the publication of a technical paper 
based on the results of the current study will be effective in generating interest within the US 
bridge community to consider the incremental launching method for appropriate project sites.
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APPENDIX A 

 
Database of Incrementally Launched Bridges 

Table A.1 provides an information summary of the bridges that have been previously described 
within this report in both the literature review and the case study sections. Following Table A.1 
is information regarding an online database for launched bridges from around the world that will 
provide additional information.  
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Table A.1. Launched bridge information 

Name Location Year 
Built 

Featured 
Crossed 

Superstructure 
Type 

Function
/ Usage Contractor Designer Owner 

U.S. 20 Iowa 
River Bridge 

Steamboat Rock, 
Hardin County, 

Iowa U.S.A. 
2002 Iowa River 

Valley Steel I-girder Road 
bridge Jensen Construction HNTB Corporation Iowa Department of 

Transportation 

Stoney Trail 
Bridge 

Calgary, Alberta, 
Canada 1997 Bow River 

Double-celled 
concrete box 

girder 

Road 
bridge 

Walter & SCI Construction 
(Canada) Ltd.  

J.R. Spronken & 
Associates Ltd. City of Calgary 

Brides Glen 
Bridge Dublin, Ireland 2003 

Brides 
Glen 

Valley 

2-Post-tensioned 
concrete box 

girders 

Road 
bridge 

Main contr: ASCON; Sub-
contr: VSL Systems (U.K.) 

Ltd. and Tony Gee and 
Partners 

Roughan and 
O'Donovan; Tony 
Gee and Partners 

N/A 

Vaux Viaduct 
A1 Highway; 

Vaud, 
Switzerland 

1999 Vaux 
Valley 

2-Steel-concrete 
composite girder 

bridges 

Road 
bridge 

Steel: Zwahlen & Mayr SA; 
Prestressing: VSL 

International; Pot bearings 
and expansion joints: 

Mageba SA 

Giacomini & Joliet; 
Realin & Bader SA Etat de Vaud 

Serio River 
Bridge Bergamo, Italy N/A Serio 

River 
Double-cell 

precast box girder N/A N/A N/A N/A 

Woronora 
River Bridge 

New South 
Wales, Australia 2001 Woronora 

River 

Single-cell 
prestressed 

concrete box 
girder 

Road 
bridge 

Contr: Barclay Mowlem 
Pty. Ltd; Launching: 

Leonhardt Andra & Partner 

Structural: RTA & 
Taylor & Herbert 
Consultants Pty. 
Ltd.; Field: PERI 

Australia 

Roads and Traffic 
Authority of New 

South Wales 

Bandera 
Bridge 

Ljubljana-Trieste 
Highway, 
Slovenia 

1995 Natural 
valley 

2-Externally 
prestressed 

concrete box 
girder2 

Road 
bridge SGP Primorje; Ajdovscina 

Viktor Markelj, 
Ponting Inc., 

Maribor 

Republic of 
Slovenia 

N/A= Information not available 
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Table A.1 (continued). Launched bridge information 
Name Location Year 

Built 
Featured 
Crossed 

Superstructure 
Type 

Function
/ Usage Contractor Designer Owner 

San Cristobal 
Bridge Chiapas, Mexico 2006 

Chentic 
Creek 

Canyon 

Curved steel 
composite and 
orthotropic box 

girder 

Road 
bridge 

Final Contr: Ingenieros 
Civiles Asociados 

Final Designer: 
T.Y. Lin 

International 

Mexican Secretary 
of Communication 
and Transportation 

Ile Falcon 
Bridge 

Valais, 
Switzerland 

1998 
& 

1999 

Rhone 
River 

2-Curved 
prestressed 

concrete box 
girders 

Road 
bridge 

Ambrosetti & Zschokke; 
Freyssinet SA 

SD Ingenierie 
Deneriaz & Pralong 

Sion; Bureau 
d'ingenieurs SA; 
Andenmatten SA 

N/A 

Panval Nadhi 
Viaduct 

Konkan Railway, 
western India 1995 

Panval 
Nadia 
Valley 

Prestressed 
concrete box 

girder 

Railway 
bridge 

Larson & Toubro Ltd. ECC 
Group; Wayss & Freytag 

AG, Germany 

Shrish Patel & 
Assoc. Ltd. 

Konkan Railway 
Corporation Ltd. 

Wabash 
River Bridge 

Covington, 
Indiana, U.S.A. 1977 Wabash 

River 

Double-cell 
prestressed 

concrete box 
girder 

Road 
bridge 

Roger Construction Co.; 
Weddle Brothers 
Construction Co. 

 VSL Corporation, 
Los Gatos, Calif. 

Indiana Department 
of Transportation 

Clifford 
Hollow 
Bridge 

Moorefield, West 
Virginia N/A N/A Steel I-girder 

bridge 
Road 
bridge Dick Corporation Parsons; HDR 

Engineering 

West Virginia 
Department of 
Transportation 

Palizzi 
Overpass Milan, Italy N/A Six-lane 

railway 

Prestressed 
concrete box 

girder 

Road & 
tramway 
bridge 

Bonatti SpA. Marco Rosignoli Milan Underground 
Railway Authority 

Parana River 
Bridge Brazil N/A Parana 

River 

Two welded truss 
beams w/box 
cross sections 

Road & 
railway 
bridge 

N/A N/A N/A 

Reggiolo 
Overpass Reggiolo, Italy 2003 

Verona-
Mantua 
railway 

Multi-cellular 
prestressed 

concrete plate 
girder 

Road 
bridge N/A N/A N/A 

N/A= Information not available 
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Table A.1 (continued). Launched bridge information 
Name Location Year 

Built 
Featured 
Crossed 

Superstructure 
Type 

Function/ 
Usage Contractor Designer Owner 

Petra Tou 
Romiou 
Viaduct 

Limassol-Paphos 
Highway, Cyprus 2001 Natural 

valley 

2-Post-tensioned 
mono-cellular 
concrete box 

girders 

Road 
bridge 

China Wanbao Eng. Corp. 
Beijing; MeKano4, 

Barcelona 
EIPSA, Madrid 

Republic of Cyprus, 
Public Works 
Department 

Easton Bridge 

Cascade 
Mountains, 

Washington, 
U.S.A. 

N/A 
Yakima 
River & 

Hall Creek 
Steel I-girder 

Pedestria
n & 

biking 
bridge 

Main contr: Boss 
Construction Co.; Sub-

contr: Engineered 
Transport and Lifting Co.  

N/A N/A 

Paddington 
Bridge 

London, England 
(U.K.) N/A Railway & 

subway  
Steel girder 

w/composite deck 
Road 
bridge 

Hochtief Construction Ltd. 
(U.K.) 

Cass Hayward Ltd., 
Chepstow Westminster City 

Ravensbosch 
Viaduct 

Maastricht and 
Heerlen 

Motorway, 
Netherlands 

N/A 
Valley of 

Strabekerv
-loedgraaf 

2-Single-cell 
post-tensioned 
concrete box 

girders 

Road 
bridge 

Internationale Gewapend 
Betonbouw; Societe Belge 

des Betons  

Bouvy, van der 
Vlugt, van der Niet, 

Scheveningen 

Provinciale 
Waterstaat Limburg 

Maastricht 

Port 
Wakefeild 

Road 

South Australia, 
Australia N/A Major 

highway  

2-Single-cell 
prestressed 

concrete box 
girders 

Road 
bridge N/A N/A N/A 

Blanchetown 
Bridge 

Blanchetown, 
South Australia, 

Australia 
N/A Murray 

River 

Single-cell post-
tensioned 

concrete box 
girder 

Road 
bridge N/A N/A N/A 

N/A= Information not available 
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During the completion of this work a comprehensive database related to bridge construction was 
identified. This database contains a specific subcategory of bridge construction related to 
launching bridges. The public database is located at 
http://en.structurae.de/structures/mtype/index.cfm?ID=3001. Several screen captures from the 
database are shown in Figures A.1 and A.2.  
 
To view project information, the database is setup to allow a user to browse by 1) name; 2) 
structural type; 3) function; 4) construction method; 5) geographic location; and 6) year of 
completion.   
 
The projects summarized in this report that were not previously contained in the Structurae 
database have been submitted to the webmaster for their entry into the database. A bridge 
owner/designer/contractor can contribute to the Structurae database by following the instructions 
on the website and filling out electronic submission forms or by sending pertinent data via email. 
The website does not accept anonymous submissions.  
 
Presented below is a list of bridges that were not described within this report due to insufficient 
information and were not found within the existing database. The bridges were, however, briefly 
mentioned by several references (Rosignoli, 1998(A), Rosignoli 2002, and Gohler, 2000). The 
bridges are as follows: 
 

• Ager Bridge, Austria 
• Amiens Viaduct, France 
• Boivre Viaduct, France 
• Boivre Bridge, Poitou-Charente, France 
• Bubiyan Bridge, Kuwait 
• Canyon Creek, Idaho, USA (2006) 
• Charix Viaduct, Rhone-Alpes, France 
• Charolles Bridge, Charolles, France 
• Dal Bridge, Avesta, Sweden 
• Hamburg Bridge, Utrecht, Netherlands 
• Juneau River, Juneau Alaska, USA (1999) 
• Kicking Horse Canyon Bridge, Canada 
• Kufstein Bridge, Germany 
• Lawyers Creek, Idaho, USA 
• Neckarburg Bridge, Baden-Württemberg, Germany 
• Queets River Bridge, Washington State, USA (1991) 
• Rio Caroni Bridge, Venezuela 
• Sathorn Viaduct, Bangkok, Thailand  
• Schnaittach Bridge, Germany 
• Schrotetal Bridge, Germany 
• Skye Bridge, Scotland 
• Val Restel Bridge, Italy 
• Veitschochheim Bridge, Bavaria, Germany 
• Wandre Bridge, Belgium 
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• Yakima River Bridge, Washington State, USA (1999) 
• Zilwaukee River, Michigan, USA(1984) 

 
Lastly, a brief list of noteworthy bridges from other sources is presented, but again, insufficient 
information was found for report summaries. The bridges are as follows: 
 

• Chiapas I Bridge, Chiapas, Mexico 
• Damsumlo Bridge over Skeena River, Hazelton, British Columbia, Canada 
• North Halawa Valley Bridge, Oahu Island, Hawaii 
• Tai Po Bypass, Hong Kong 

 

 
Figure A.1. Partial list of database projects 
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Figure A.2. Example of electronic form for submitting project information 
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APPENDIX B 

 
Survey of State DOT Bridge Engineers 

Appendix B lists each question sent to the bridge engineering community. The response results 
received as well as the number of responses are also shown.   
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APPENDIX C 

 
Details of Incremental Launching Systems 

The selected sheets include examples provided by Hilman from previous projects along with a 
sheet on their jack/roller bridge launching unit. This unit combines both vertical lift capabilities 
(e.g. for jacking up the girders to insert permanent bearings) along with horizontal thrust to 
provide launching force component. This information is provided at the risk of appearing to 
endorse a commercial product, which is not the case. The fact is that they are THE heavy moving 
specialists for this kind of application and have many rollers that have been widely used 
and proven over time. 
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APPENDIX D 

 
Example Details for Launched Bridge Projects 

This appendix includes example details from the U.S. 20 Iowa River Bridge which was 
successfully completed using the ILM. Included are a variety of contract plan drawings which 
illustrate the following: 
 

• Bridge erection sequence 
• Launching nose and kingpost details 
• Roller and sliding bearing details 
• Miscellaneous details such as tapered ramp plates for bolted splices on steel girders 
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APPENDIX E 

 
Example Specifications for Steel Erection by Launching 

The following example Special Provision is from the U.S. 20 Iowa River Bridge incremental 
launching project in Iowa. The specification is for erection of the steel superstructure by 
launching. This specification is provided as an example which may be useful to owners 
considering a special erection process and addresses the types of information the contractor may 
be required to submit in support of his erection engineering proposal. 
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SP-Steel 
New 

 
SPECIAL PROVISION 
 

For 
STRUCTURAL STEEL ERECTION  

 
 

THE STANDARD SPECIFICATIONS, SERIES OF 1995, ARE AMENDED BY THE 
FOLLOWING ADDITIONS AND MODIFICATIONS. THIS IS A SPECIAL PROVISION 
AND IT SHALL PREVAIL OVER PROVISIONS OF THE STANDARD SPECIFICATIONS 
IF THERE IS CONFLICT. 
 

Steel.01 DESCRIPTION 
 
This work shall consist of, but is not limited to, the fabrication, transporting, shop and field 
erection, the subsequent launch operation of the structural steel superstructure for the spans from 
Pier 1 to Pier 6 and the excavation and restoration of launching pit in accordance with the 
contract documents, applicable portions of Standard Specifications, Section 2408, Special 
Provision for Weathering Steel, and as specified herein. 
 
A suggested erection sequence representing the sequence of construction assumed in the design 
of the girder system has been included as part of the contract documents. Utilization of this 
suggested erection sequence as presented is not mandatory. 
 
All work shall be done in accordance with the approved Detailed Erection Sequence (Article 
Steel.02), as shown in the contract documents, the Standard Specifications, its supplements, as 
specified herein and as directed by the Engineer. All design computations, plans, methods and 
procedures prepared for submittal shall be prepared and sealed by a structural engineer licensed 
in the State of Iowa. 
 
The final agreed upon Detailed Erection Sequence shall prevail over the Standard or 
Supplemental Specifications where there is conflict. Submittal of erection methods other than 
launching shall demonstrate complete adherence to environmental regulations as specified in the 
Special Provision for ENVIRONMENTAL PROTECTION and will require complete 
agreement by the Engineer. 
 
Erection assumptions have been provided with the suggested erection sequence to permit 
analysis of the structure for the effect thereof during launching operations. If the Contractor 
elects to use the suggested erection sequence provided, he shall ascertain for himself the 
practicality thereof and shall assure complete responsibility for the Detailed Erection Sequence. 
Steel.02 DETAILED ERECTION SEQUENCE 
 
Prior to the pre-construction conference, the Contractor shall prepare and submit a Detailed 
Erection Sequence (DES) for the structural steel work along with or within the project Detailed 
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Construction Plan (DCP) for review as specified in the Special Provision for 
ENVIRONMENT PROTECTION. The DES may be similar to the suggested erection 
sequence or may be an alternate sequence. All DES AND DCP documents shall be prepared and 
sealed by a structural engineer licensed in the State of Iowa prior to submittal. The DES and 
DCP shall be submitted in advance of the date schedule for the pre-construction conference in 
order to afford the Engineer 30 calendar days of review time. Work shall not be started prior to 
the receipt by the Contractor of the agreed upon DES and DCP documents. The review of the 
DES and DCP documents by the Engineer shall not relive the Contractor of the full 
responsibility for the safety and adequacy of the work. 
 
The proposed DES shall include, but not be limited to: 

1. Detailed design of all launching/erection equipment, falsework, temporary bracing and 
other items as required for launching/erection, fabrication and installation procedures for 
all launching/erection equipment, materials, excavation and subsequent recompaction of 
the launching pit and all other associated mobilization. 

 
2. Methods and procedures for superstructure steel placement including: 
  

a.  Sequence and manner of steel assembly for launching. 
b. Sequence and methods of making diaphragm bolted connections during and after 

launching operations and after deck is poured. 
c. Sequence for deck form and deck reinforcement installation. 
d. Sequence and manner for launching girder systems. 
e. Details indicating provisions for stability of the girder systems during the various 

stages of the launch. 
f. Sequence for installing temporary launching equipment and permanent bearings, 

removing temporary launching equipment and transferring loads to permanent 
bearings. 

 
3.  Factors of safety for all applicable equipment and procedures to be used as agreed upon 

by the Engineer. These factors of safety shall be specified by the structural engineer that 
will submit the DES and DCP. 

 
4.  All computations consisting of, but not limited to: 
 

a. The expected bearing, shear, compression and tensile stresses as may be produced 
within the pre-assembled structural steel girder system, launching skid or 
temporary members due to launching operations. 

b. Minimum and maximum vertical and horizontal reactions at all support locations 
that will occur during launching. 

c. Verification that the permanent substructure units are not overstressed during 
launching (temporary bracing of the permanent substructure units shall be 
allowed if required per computations).  

d. Displacements at nose of launching skid during launching. 
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5.  Methods and procedures for excavating launching pit, hauling excavated material and 
restoring launching pit upon completion. 

The agreed upon DES shall ensure that the erection sequence is coordinated with the steel lay-up 
to ensure proper hole placement and camber. 
  
Steel.03 CONSTRUCTION REQUIREMENTS 
 
The Contractor is completely responsible for protection of the structural integrity of the 
superstructure steel from fabrication to final approved placement with concrete deck, wearing 
course, and cast in place barrier railing and curb. Any damage sustained by structural steel, 
reinforcement, or concrete deck forms shall be repaired or replaced by the Contractor to the 
satisfaction of the Engineer at no additional cost to the Iowa DOT. All launching equipment shall 
be furnished by the Contractor. 
 
Any damaged shop painted areas of the superstructure steel after final placement of steel and 
deck concrete shall be touched up to the satisfaction of the Engineer at the Contractor's expense. 
 
At the Contractor's option, the superstructure steel may be installed without deck forms and deck 
reinforcement in place prior to launching. 
 
Changes in the approved DES will not be allowed unless approved in writing by the Engineer. 
 
Upon completion of construction operations and Engineer approval of final superstructure 
placement, all equipment shall be removed and all existing ground lines and site conditions 
modified by the Contractor to facilitate construction activities shall be restored to undamaged 
existing condition unless approved otherwise by the Engineer. 
 
Construction activities shall be governed by the guidelines indicated in the Environmental 
Control Plan sheets included in the contract documents and as specified in the "Special 
Provision for ENVIRONMENT PROTECTION". The Contractor shall have the option to 
propose adjustment to these guidelines to facilitate construction activities. These adjustments 
shall be submitted to the Engineer and reviewed on a case by case basis. 
 
Excavation, hauling, storage, stripping and salvaging of soil at borrow pit, and subsequent 
restoration of launching pit shall be per the requirements of Division 21 of the Standard 
Specifications. 
 
Steel.04 MEASUREMENT AND PAYMENT 
 
All costs incurred in complying with this special provision except as specified below herein. are 
included into the contract unit price, per Kg, for "Structural Steel". 
 
All costs of transporting the welded steel girder segments from the fabrication shop to the site 
including, but not limited to, shipping and temporary bracing required to stabilize the girders 
during shipment shall be included in the contract unit price, per lump, sum for "Delivery - Steel 
Girder Segments". 
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All costs of deck reinforcement shall be included in the contract unit price, per Kg, for 
"Reinforcement, Epoxy Coated", and furnished and installed in accordance with Standard 
Specifications, Section 2404.  
 
The cost of deck form placement shall be included with the contract unit price per cubic meter 
for "Structural Concrete, (Bridge)" and constructed in accordance with the Standard 
Specifications, Section 2403. 
 
All costs of furnishing and submitting the DES and DCP documents shall be incidental to the 
over-all cost of the project.  
 
All costs of furnishing, fabrication, installation and subsequent removal of the superstructure 
launching equipment and any other contractor furnished equipment, all costs incurred in 
launching the girder systems out onto the permanent substructure units except as specified below 
shall be included in the contract unit price, per lump sum, for “Launching - Steel 
Superstructure”.  
 
All costs of excavating, hauling, storage, stripping and salvaging of top soil at borrow pit, and 
subsequent restoration of launching pit upon completion of the launching operation shall be 
included in the contract unit price, per lump sum, for "Excavation and Restoration of Launching 
Pit". 
 
Repair of undesirable site conditions created by reaction foundation removal and any other 
physical or environmental damage sustained by the site due to equipment operation or removal, 
as determined by the Engineer, or that is subject to the contract environmental regulations shall 
be repaired to the satisfaction of the Engineer at Contractor expense. 
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Incremental Launching Challenges on Mount Henry 
Bridge 

 
Noel Wenham, Senior Structural Design Engineer, Wyche Consulting 

 
SYNOPSIS 
 
As part of the new Southern Suburbs Railway construction in Perth, a new Mount 
Henry Bridge was constructed alongside and partially overhanging the existing bridge 
to widen the freeway.  The new bridge was incrementally launched which provided 
the design and construction team with a number of unique challenges, particularly in 
maintaining clearance to the old structure.  The bridge spans were halved for 
launching using temporary piers which significantly reduced deflections enabling 
tighter control over the launch.  However the temporary piers provided their own 
unique challenges and had to be propped to the existing bridge and adjacent 
permanent piers to improve the buckling behaviour of the slender pile sections, as 
well as preset to reduce vertical loading.  Testing and monitoring of the insitu pier 
movements was used to confirm the design assumptions, in particular the lateral 
restraint provided by the soft river alluvium material.  The tight construction schedule 
required launch cycles to be minimised which was achieved by adopting a two staged 
pour for the deck and minimising the prestressing operations. 
 
1. INTRODUCTION 
 
Incremental launching is a well established construction technology, especially in 
Perth.  However the new Mount Henry Bridge presented some particular challenges 
which required fundamental bridge engineering consideration for both design and 
construction. 
 
The principal difficulty was that temporary piers had to be installed at the middle of 
the 76m spans, which were considered too long for launching without intermediate 
support.  Because the tight construction schedule and compatibility with other piling 
operations required the use of 600mm diameter steel piles, the temporary pier design 
resulted in a group of four piles which were very slender for their length of over thirty 
metres into very soft mud.  The buckling stability of this system relied on the lateral 
restraint capacity of this soft mud.  In addition, the permanent concrete piers were 
founded on groups of 14 to 18 similar steel piles, resulting in a large discrepancy 
between the vertical stiffnesses of the temporary and permanent piers. 
 
This paper discusses the analysis of the temporary and permanent piers and their 
interaction with the superstructure during launching.  It also discusses how the soft 
soil restraint was modelled, and how field tests were devised to “calibrate” it.  
Descriptions of various construction design problems and solutions arising from these 
calculations are then given. These include adjustments built into the temporary 
launch bearings, the lateral and longitudinal temporary pier bracing, and the 
monitoring carried out during construction, which was fed back into the calculations 
for construction design. 
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The tight design and construction schedule set by the contract was an overriding 
factor which governed a lot of the design decisions.  Staging of the deck construction, 
devised to optimise the speed of construction, was facilitated by the use of temporary 
piers which themselves had to be designed to fit into the construction schedule. 
 
2. MOUNT HENRY BRIDGE BACKGROUND 
 
The original Mount Henry Bridge, located nearly ten kilometres south of Perth and 
opened in 1982, was built to carry the Kwinana Freeway across the Canning River.  
The 660m long, 28.8m wide, segmentally constructed, twin cell concrete box girder 
was designed to carry three lanes of freeway traffic in each direction with shared 
paths on the lower cantilevers. 
 
The river crossing at the Mount Henry Bridge site required widening as part of the 
new Southern Suburbs Railway project to accommodate two lines of passenger rail 
along the middle of the Freeway in addition to the existing freeway traffic 
requirements.  The main bridgeworks for the rail project, including the Mount Henry 
Bridge, the Narrows Bridge and the Canning bus bridge amongst others, were 
grouped under one contract called “Package E”, which was awarded to Leighton 
Contractors in January 2004.  The Leighton Contractors design team for Package E 
comprised of Coffey Geosciences, GHD and Wyche Consulting.  The tender called 
for a symmetrical widening of the existing Mount Henry Bridge, but the winning 
Leighton Contractors bid included a completely independent new bridge to be 
constructed on the western side and fitting into the existing bridge.  The northbound 
carriageway of the freeway would be transferred to the new bridge allowing the 
existing bridge to carry the southbound carriageway and the two railway lines as 
shown in Figure 1. 
 

Existing Mount
Henry Bridge

New Mount
Henry Bridge

Northbound Carriageway Railway Reserve Southbound Carriageway

40m

 
Figure 1: Mount Henry Bridge cross section 

 
Restrictions on land availability, particularly at the northern (Mount Henry) end of the 
bridge, meant that to achieve the required freeway cross section, the new bridge had 
to fit into the existing bridge with the new deck overhanging the old.  The new deck 
cantilever would clear the old kerb by a minimum of 85mm and the gap between the 
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lower cantilevers of the two bridges would be approximately 185mm for the entire 
length of the bridge.  Extensive survey was carried out to ensure these clearances 
could be achieved for launching the new bridge along a circular curve. 
 
A number of factors influenced the final shape of the cross section, including 
functional requirements for the deck and a lower level shared path, aesthetic 
requirements, structural design requirements, and construction requirements.  The 
existing Mount Henry Bridge is considered to be an important Perth landmark 
because of its location and unique aesthetic qualities which meant the architectural 
requirement for the new bridge to complement the existing bridge was of utmost 
importance.  The final structural form was heavily influenced by Leighton Contractors’ 
architect, Parry & Rosenthall Architects, in combination with Main Roads’ architect. 
 
The Leighton Contractors team had a two year contract to carry out the Package E 
works which included the design and construction of the new Mount Henry Bridge as 
well as strengthening of the existing bridge.  To minimise impact on the heavily 
trafficked Freeway, the northbound carriageway had to be moved to the new bridge 
before the majority of the modification works to the existing bridge could be carried 
out, hence both lots of work could not be carried out concurrently which put additional 
pressure on the already tight schedule.  From the outset, the realisation was that the 
timeframe for the project was exceptionally tight and this factor guided a lot of the 
decision making throughout the job. 
 
3. CONSTRUCTION METHOD 
 
Initially a number of construction methods were put forward for consideration.  These 
included incremental launching, segmental balanced cantilever, and segmental span-
by-span.  The original Mount Henry Bridge was constructed using a segmental span-
by-span approach.  However in the case of the new bridge, segmental methods were 
not preferred because of the difficulty in handling and placing segments to fit around 
the old bridge.  Other reasons for not using segmental construction included: the 
additional prestress resulting from the requirement for net compression across 
segment joints; and more importantly, incremental launching was considered to be a 
quicker construction method for the size of the project. 
 
Once incremental launching was selected as the preferred construction method, the 
next decision to be made was whether or not to utilise temporary intermediate 
supports during the launch.  Launching unsupported over 76m spans with a 4m deep 
section was outside the known experience of the team so relatively early it was 
decided that temporary piers were required.  By using temporary intermediate 
supports to achieve 38m launched span lengths, Leighton Contractors was able to 
re-use an existing launch nose, albeit with some modification.  This not only saved 
money on the launch nose, but also reduced setup time.  The use of temporary 
supports also gave the construction team tighter control over displacements during 
launching which was critical in ensuring the new bridge would not contact the old 
bridge during construction.  In addition, the shorter spans required less concentric 
prestress which had cost and time benefits, as discussed later.  For Leighton 
Contractors in this case, the benefits of adopting the shorter spans were significant. 
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4. TEMPORARY PIERS 
 
4.1 Piles 
 
A major challenge that faced the team was to design a temporary pier system that 
was cost effective and would not delay the works with deck construction expected to 
closely trail the pier construction.  The preference was to use similar steel pile 
sections used for the permanent piers as they could be procured relatively quickly.  
Two similar thin walled circular hollow section sections were available, the larger of 
which was a 660mm diameter pipe with a wall thickness of 11.6mm fabricated from 
steel with a yield strength of 448MPa. 
 
Geotechnical investigation by Coffey (Package E Design Reports) confirmed 
previous test results and showed there was a layer of weak Swan River Alluvium, up 
to 25m deep, overlying a strong South Perth Siltstone.  The soft alluvium layer was 
expected to provide little lateral restraint to the piles, which meant the most critical 
temporary pier piles would be effectively unsupported for almost 30m from the top of 
the siltstone to the underside of the headstock beams. 
 
Buckling analysis of the pier frame, using lateral soil spring values provided by 
Coffey, revealed that the alluvium layer did in fact provide some restraint against 
buckling, however the effective length (Le) of the piles was in the order of 23m (refer 
Figure 2).  The modified member slenderness (λn) of the piles was calculated to be 
135, hence the section would be only about 35% efficient for pure compression.  
Based on this assessment, a minimum of seven piles was required at each 
temporary pier just to carry the vertical loads during launching and even more to 
resist the longitudinal bearing friction forces. 
 

Propped
Le = 12m

Free Standing
Le = 23m

 
Figure 2: Temporary pier buckling modes (frame model with soil springs) 
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A number of pile options were considered, including the use of raking piles and 
bracing between the piles, but for all cases a minimum of seven piles was required.  
To meet the construction schedule, six piles was considered to be a realistically 
achievable upper limit. 
 
A significant structural improvement could be made by propping the top of the 
temporary piers in the longitudinal and transverse directions thus halving the effective 
length of the piles (Le = 12m) and doubling the effective member capacity to almost 
70 percent of the section capacity (again refer Figure 2).  In addition to improving the 
buckling behaviour, propping also meant the temporary piers were not required to 
resist the longitudinal bearing friction loads. 
 
One option for propping the temporary piers that was considered was to connect 
them to the existing bridge.  However connecting the two structures raised the 
concern that a potential failure of the temporary piers could occur with expansion or 
contraction movement of the existing bridge which would drag the attached 
temporary piers with it, thereby putting bending moments into the piles caused by 
forced displacement and second order effects. 
 
4.2 Bracing 
 
The final solution to the temporary pier problem was unusual, but suited this 
particular situation.  It involved connecting the temporary piers in the transverse 
direction to the existing bridge using a flexible prop system capable of 
accommodating the longitudinal movements, and in the longitudinal direction to the 
permanent piers. 
 
Longitudinal connection was made by running prestress strands between the 
temporary and permanent piers so that each temporary pier was tied to both adjacent 
permanent piers.  By bracing in this way, each temporary pier was able to be 
constructed with just four piles.  Figure 3 shows the temporary pier arrangement with 
cable bracing to the permanent piers and lateral prop to the existing bridge. 
 
Although bracing dramatically improved the performance of the temporary piers, the 
safety of the system was still reliant on the soft soil providing some lateral restraint to 
the piles.  A simple test procedure was developed to assess the actual insitu restraint 
conditions.  The test, carried out at three of the critical temporary piers, involved 
strapping two piles together near the top of the piles and pulling them towards each 
other to simulate lateral loading on the individual piles.  Measurements taken for 
increasing levels of loading and sustained loading were used to assess the 
immediate and long term soil restraint respectively.  The results for each test showed 
that the short term stiffness of the soil was considerably higher than the long term 
stiffness due to creep effects but also proved that the actual lateral restraint of the 
piles in the long term was safely higher than the original design predictions.  This 
gave the design team considerable confidence to proceed with the four pile 
arrangement. 
 
To ensure each temporary pier would stand vertical with the strands tensioned to a 
relatively uniform stress, a sequence had to be derived for stressing the cable 
bracing at each temporary pier.  This calculation required an estimate of the effective 
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stiffness of the pier, including interaction with the soil, for loading in the longitudinal 
direction which was then modified for the stiffness of the other connected piers and 
for each strand as it was added.  The stiffness interaction model was used to predict 
the stress in the strands and the movement of the temporary piers during each stage 
of stressing but was sensitive to the geotechnical assessment of the lateral soil 
spring values. 
 

 
Figure 3: Temporary pier with cable bracing to adjacent permanent piers 

 
The movements of each temporary pier were measured during stressing of the 
cables which provided additional confirmation of the soil stiffness values and enabled 
further calibration of the temporary pier models, carried out as the stressing operation 
proceeded.  The piers were stressed from alternating sides hence stressing for each 
stage pulled the temporary pier in one direction while the subsequent stage pulled it 
back in the opposite direction.  For each temporary pier, movement from the first 
stage of stressing was recorded and reported back to the designer who used the 
information to reassess the effective pier stiffness, which was then fed back into the 
model to generate a revised stressing sequence.  In all cases, the results again 
confirmed that the geotechnical engineer’s estimate of the lateral soil stiffness values 
was safely conservative. 
 
4.3 Presetting the Supports 
 
With propping at the top, the temporary piers would theoretically work, but only 
marginally and it was critical that the soft alluvium stratum provided sufficient lateral 
restraint.  To improve the safety of the system, it was decided to relieve load from the 
temporary piers during launching.  This was achieved by setting the launching 
bearings on the temporary piers so that when fully loaded, they would sit lower than 
the adjacent permanent pier supports.  Effectively, the deck support level at the 
permanent piers would be on the theoretical circular launch line, while the support 
level at the temporary piers would be a nominal 15mm below the theoretical launch 
line.  Because the temporary piers, comprising four piles, were considerably less stiff 
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vertically than the permanent piers, comprising between 14 and 18 piles, the 
temporary pier supports were initially set 5mm above the line of the permanent pier 
supports to end up slightly below as required. 
 
The relative displacement between the supports meant that additional bending 
moments were imposed on the deck, which had to be designed for.  Modelling also 
had to include the effects of presetting the supports and the relative movement of the 
supports at all stages of launching allowing for the differential vertical stiffness of the 
permanent and temporary piers. 
 
During launching, the settlements at all supports were monitored with periodic 
survey.  The results were reported to the designer who used them to calibrate the 
design models, adjust subsequent vertical preset values, and carry out structural 
checks for various stages of construction.  Shim plates provided a mechanism for 
adjusting the height of the temporary bearings up or down if required.  In this way it 
was possible to ensure the structure was operating within safe ranges during the 
entire launch. 
 
5. BRIDGE DECK 
 
5.1 Two Part Construction Staging 
 
With the substructure designed, the challenge then was to optimise the deck 
construction.  Each incremental segment length was 25.4m, which allowed 
manageable concrete pour sizes and optimal speed of construction.  The segment 
length, being one third of the main span length, also allowed the section to be 
changed to incorporate thicker webs over the permanent piers, which meant the 
section could be kept relatively light within the spans. 
 

Bottom flange and webs constructed
in back half of casting bed

Top flange constructed
in front half of casting bed

 
Figure 4: Staging of deck construction in casting bed 
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The segment length was also selected to achieve a two part construction staging of 
the section within the available area at the launching end.  The casting bed was two 
segments in length to allow for simultaneous work on two fronts.  The bottom flange 
and webs were cast in the back half of the casting bed.  Once completed, the deck 
was launched thereby shifting the partially completed section to the front of the 
casting bed.  While the top flange of the segment was being completed in the front 
half of the casting bed, the bottom flange and webs of the next segment were being 
constructed in the back half (refer Figure 4). 
 
5.2 Concentric Prestress 
 
To further improve the speed of construction, Leighton Contractors sought to 
minimise the launching prestress operations.  This was achieved by running each 
concentric prestress cable for three segment lengths equal to one main span length 
(76m).  Hence for the construction of each segment only one third of the concentric 
prestress had to be applied. 
 
This meant that the completed section had just one third of the full concentric 
prestress when launched from the casting bed and did not have the full prestress 
until the two subsequent segments had been constructed and stressed.  Analysis 
showed that the section could carry the loads from the first two launches without the 
full concentric prestress.  Again, modelling included the presetting and subsequent 
settlement of the supports as the bridge was launched over.  The use of temporary 
piers facilitated the concentric prestress arrangement by reducing the total prestress 
required and lowering the stresses in the deck over the length without full prestress. 
 
6. COMPLETION OF NEW BRIDGE 
 
With launching completed and the bridge securely anchored in position, a number of 
finishing works were still required to make the bridge operational.  Included in these 
were: 
• Bearing changeover at permanent piers.  This operation required the bridge to 

be jacked off the launching bearings and lowered onto the permanent bearings. 
• Application of continuity prestress.  The effect of applying the continuity 

prestress was to lift the bridge at the temporary pier supports thus reducing the 
load at these supports and shifting load to the permanent piers. 

• Lowering of temporary piers, transferring all load to the permanent piers. 
• Deck works such as construction of barriers and asphalting applying additional 

load to the structure. 
 
Careful analysis of these works was required to ensure the bridge was not 
overstressed and the temporary piers were not overloaded during the process.  
However it was important not to place too many restrictions on the staging of the 
works to facilitate construction on a number of simultaneous fronts to meet the 
schedule. 
 
So as not to overload the launching bearings at the permanent piers, the bearing 
changeover at each pier was required to be carried out prior to applying any of the 
continuity prestress in the spans adjacent to the pier.  However, with only concentric 
prestress applied and with the permanent pier supports already preset higher than 
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the temporary piers, a limit had to be set on the jacking height to ensure the bridge 
capacity was not exceeded. 
 
The continuity prestress was applied in stages after the permanent bearings in the 
adjacent piers had been installed and before the temporary piers could be lowered.  
To ensure the final deck works were not adversely affected by subsequent deck 
displacements, particularly the barriers, a restriction was put in place which limited 
deck works to at least one span away from any temporary piers still supporting the 
deck. 
 
Figure 5 shows the bridge site before, during and after construction of the new Mount 
Henry Bridge which was opened to traffic in January 2006.  Note that the temporary 
piers are still in place but are not supporting the bridge deck in the final photo. 
 

Old Mount Henry Bridge

Mount Henry Bridge During Launching

Completed Mount Henry Bridge

 
Figure 5: Before, during and after construction of new Mount Henry Bridge 
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7. CONCLUSION 
 
Although incremental launching is not a new technology in bridge construction, each 
job has its own challenges and launching the New Mount Henry Bridge was no 
exception.  The positioning of the new bridge partially overhanging the old bridge 
necessitated the use of temporary piers to control deflections.  Due to the 
slenderness of the piles in the soft river alluvium, the temporary piers required a 
unique bracing system which utilised the reserve strength of the permanent piers and 
the adjacent bridge. 
 
Continuous monitoring during construction helped to confirm the design assumptions 
and improve predictions of structural behaviour for subsequent construction phases.  
Testing and monitoring of the insitu lateral temporary pier behaviour enabled a firmer 
understanding of the soil properties, and recording the vertical pier movements 
enabled the designer to continuously check that the piers and deck were not 
overloaded. 
 
The efficient design of the temporary piers, the two part construction staging of the 
deck, and the concentric prestress arrangement all contributed to the swift 
construction of the new Mount Henry Bridge, which was opened to traffic two years 
after the design and construct contract was let. 
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Incremental Launching is the most commonly used method Incremental Launching is the most commonly used method 
for bridge erection in Russia. for bridge erection in Russia. 

Cantilever and floating methods are used for large Cantilever and floating methods are used for large 
structures like cablestructures like cable--stayed or arch bridges but they are stayed or arch bridges but they are 
rarely build nowadays. rarely build nowadays. 

Thus, almost every project of a bridge involves the analysis Thus, almost every project of a bridge involves the analysis 
of incremental launching process. of incremental launching process. 
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The problem of analyzing a continuous beam will never The problem of analyzing a continuous beam will never 
seem very difficult unless the calculations are reiterated seem very difficult unless the calculations are reiterated 
many times, as it happens at the design of a bridge.many times, as it happens at the design of a bridge.

The data which have to be processed are not a large mass, The data which have to be processed are not a large mass, 
but because this process is repeated many times it really but because this process is repeated many times it really 
becomes a large mass of data growing like a snowball, becomes a large mass of data growing like a snowball, 
particularly for more than 3particularly for more than 3--span bridges.span bridges.
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When we deal with an ordinary 3When we deal with an ordinary 3--span bridge to be pushed span bridge to be pushed 
with temporary piers and a launching nose, we can easily with temporary piers and a launching nose, we can easily 
predict the critical positions of the structure.predict the critical positions of the structure.

So we can be content with analysis of those position only.So we can be content with analysis of those position only.
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Sometimes we work on a longer bridge to be launched with Sometimes we work on a longer bridge to be launched with 
nonnon--linear strengthening elements when temporary piers linear strengthening elements when temporary piers 
are prohibited even to be thought of due to a navigable are prohibited even to be thought of due to a navigable 
river or electrified railway which lie beneath.river or electrified railway which lie beneath.

In that case it is hard to predict positions of the structure In that case it is hard to predict positions of the structure 
in which the significant components of stressin which the significant components of stress--strain state strain state 
could reach their critical values.could reach their critical values.

So we have to take into So we have to take into 
account as many models as account as many models as 
it is necessary to make it is necessary to make 
sure that no problem will sure that no problem will 
occur in field.occur in field.
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And what if the number of positions And what if the number of positions 
tends to a thousand?tends to a thousand?

And what if we find out that the structure has to be And what if we find out that the structure has to be 
reinforced, temporary piers rereinforced, temporary piers re--located, casting yard relocated, casting yard re--
designed, and something else changed?designed, and something else changed?

And what if consequent analyses of different positions of And what if consequent analyses of different positions of 
the launched bridge threaten with turning into a neverthe launched bridge threaten with turning into a never--
ending routine calculations of new parameters and ending routine calculations of new parameters and 
analytical models, when the time is against us?analytical models, when the time is against us?

The problem may become The problem may become 
unsolvable unless some unsolvable unless some 
tools to automate the tools to automate the 
process of analysis are process of analysis are 

applied.applied.
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What information is necessary to perform analysis for a What information is necessary to perform analysis for a 
launching position?launching position?

The most important geometrical information involves the The most important geometrical information involves the 
coordinates to all the joints according to the beam camber coordinates to all the joints according to the beam camber 
and the pier coordinates in their own reference frame.and the pier coordinates in their own reference frame.
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When we translate the horizontal joint coordinates into the When we translate the horizontal joint coordinates into the 
pier coordinate system we find the joints to be supported in pier coordinate system we find the joints to be supported in 
the current position. the current position. 

Translating the vertical coordinates we find the theoretical Translating the vertical coordinates we find the theoretical 
nonnon--deformed configuration from which we calculate the deformed configuration from which we calculate the 
ordinates of supported joints to be specified as JOINT ordinates of supported joints to be specified as JOINT 
DISPLACEMENTS in addition to the self weight loading.DISPLACEMENTS in addition to the self weight loading.
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There are many ways to calculate the necessary data. For There are many ways to calculate the necessary data. For 
example we drew piers and beam in AutoCAD, then moving example we drew piers and beam in AutoCAD, then moving 
the the ““beambeam”” along the along the ““pierspiers”” we found required coordinates.we found required coordinates.

The same operation The same operation 
could be easily could be easily 

performed in Excel.performed in Excel.

It does not seem a It does not seem a 
hard problem if we hard problem if we 

have enough time to have enough time to 
solve it.solve it.
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There was a bridge being launched over a river near the city There was a bridge being launched over a river near the city 
of Vologda. 105 meters long central span and a temporary of Vologda. 105 meters long central span and a temporary 
pier decreasing the span to 97 meters promised no troubles.pier decreasing the span to 97 meters promised no troubles.

But the surveying monitoring reported that the launching But the surveying monitoring reported that the launching 
nose had approached the temporary pier one meter higher nose had approached the temporary pier one meter higher 
than it was supposed to.than it was supposed to.

One meter, whereas One meter, whereas 
we could allow no we could allow no 

more than 25 cm, or more than 25 cm, or 
we would start we would start 

developing a project developing a project 
for cleanup the riverfor cleanup the river--
bed from the bridge bed from the bridge 

wreckage.wreckage.
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For three days we tried to figure out whether our For three days we tried to figure out whether our ““patientpatient””
was alive rather than dead, or dead rather than alive. was alive rather than dead, or dead rather than alive. 

For three days we considered how to proceed with the For three days we considered how to proceed with the 
launching.launching.

For three days the cantilever was wobbling with the wind, and For three days the cantilever was wobbling with the wind, and 
the stresses were very close to the ultimate critical value.the stresses were very close to the ultimate critical value.
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Finally we managed to discover that the builders had Finally we managed to discover that the builders had 
bolted the nose to the span incorrectly and it was bolted the nose to the span incorrectly and it was 
possible to go on after raising the top of temporary pier.possible to go on after raising the top of temporary pier.
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We built a bridge with 147 meter long central span over the We built a bridge with 147 meter long central span over the 
main navigable channel connecting the basin of the Volga main navigable channel connecting the basin of the Volga 
river with the White and Baltic seas.river with the White and Baltic seas.

Because of that no temporary pier was allowed within the Because of that no temporary pier was allowed within the 
central span. As it was prohibited inside, we placed central span. As it was prohibited inside, we placed 
temporary piers outside the central span and put the temporary piers outside the central span and put the 
receiving beam on them.receiving beam on them.
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The structure behavior after the connection was strictly The structure behavior after the connection was strictly 
dependent on the angle with which the nose would be dependent on the angle with which the nose would be 
bolted to the receiving beam.bolted to the receiving beam.

It so happened that the cantilever displacements did not It so happened that the cantilever displacements did not 
match their theoretical values.match their theoretical values.

At each move we stopped At each move we stopped 
launching to perform analysis launching to perform analysis 
for the current situation.for the current situation.

Each step took about an hour Each step took about an hour 
to analyze with drawing to analyze with drawing 
scheme and transferring data scheme and transferring data 
from one application to from one application to 
another.another.
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At that time the builders were tossing stones into the At that time the builders were tossing stones into the 
water and watching the spreading circles.water and watching the spreading circles.

The difference between the theory and the practice grew The difference between the theory and the practice grew 
larger from one move to another until we found out that a larger from one move to another until we found out that a 
cradle was dangling right at the launching nose tip.cradle was dangling right at the launching nose tip.

When it was removed all the coordinates became exactly as When it was removed all the coordinates became exactly as 
predicted.predicted.
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We figured out that we had to improve the process in order We figured out that we had to improve the process in order 
to decrease time needed to complete the calculations, to decrease time needed to complete the calculations, 
especially for a bridge being monitored during the especially for a bridge being monitored during the 
launching.launching.

We decided to apply a We decided to apply a 
technique called technique called 

““parameterizationparameterization””
that we successfully that we successfully 

used for solving other used for solving other 
problems.problems.
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status support status support --
#for var s = 0 to #for var s = 0 to NumPierNumPier -- 11
#if (#if (sn[ssn[s] == ] == --1) or (1) or (sty[ssty[s] == 0) ] == 0) 

then continuethen continue
''NN%&d%&d 1000+sm[s]%1000+sm[s]%' ' --

#next#next
#back 1#back 1

joint releasesjoint releases
#var Flag = true#var Flag = true
#for var s = 0 to #for var s = 0 to NumPierNumPier -- 11
#if (#if (sn[ssn[s] == ] == --1) or 1) or \\

((sty[ssty[s] == 0) then continue] == 0) then continue
#if Flag then#if Flag then
''NN%&d%&d 1000+sm[s]%1000+sm[s]%' mom z' mom z
#Flag = false#Flag = false
#continue#continue

#endif#endif
''NN%&d%&d 1000+sm[s]%1000+sm[s]%' for x mom z' for x mom z
#next#next

status support status support --
'N1228' 'N1228' --
'N1246' 'N1246' --
'N1194' 'N1194' 

joint releasesjoint releases
'N1228' mom z'N1228' mom z
'N1246' for x mom z'N1246' for x mom z
'N1194' for x mom z'N1194' for x mom z

What is parameterization?What is parameterization?

It is nothing but a facility of It is nothing but a facility of 
using mathematical using mathematical 

expressions as well as expressions as well as 
numeric constants in numeric constants in 

analytical model.analytical model.

It is nothing but a facility of It is nothing but a facility of 
using programming using programming 

statements such as loops statements such as loops 
and conditionals as well as and conditionals as well as 
commands of GTcommands of GT STRUDL STRUDL 

problem oriented language.problem oriented language.
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We developed an application We developed an application 

to extend the command to extend the command 
language, to turn the making language, to turn the making 
of an analytical model a bit of an analytical model a bit 

into the programming.into the programming.

The program has a script The program has a script 
language with builtlanguage with built--in features in features 

as befit a programming as befit a programming 
language.language.

So we are able to prepare a So we are able to prepare a 
model and, when necessary, to model and, when necessary, to 
modify it easily changing only modify it easily changing only 
a few parameters instead of a few parameters instead of 

altering the entire model.altering the entire model.

In other words we developed a tool to make In other words we developed a tool to make ““custom wizardscustom wizards””..
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The parameterization proved especially useful at the The parameterization proved especially useful at the 
incremental launching analysis. We wrote a script which could incremental launching analysis. We wrote a script which could 
be called be called ““launching wizardlaunching wizard””..
In order to make the analytical model for a beam position only In order to make the analytical model for a beam position only 
three parameters have to be changed: the number of blocks three parameters have to be changed: the number of blocks 
being launched, the number of a pier the beam is pushed being launched, the number of a pier the beam is pushed 
beyond, and the distance between the nose tip and that pier.beyond, and the distance between the nose tip and that pier.

All the remaining information is specified for the entire bridgeAll the remaining information is specified for the entire bridge, , 
and it has to be modified only when the projectand it has to be modified only when the project’’s parameters s parameters 
are revised.are revised.
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The project of the Southern Bridge over the Daugava River The project of the Southern Bridge over the Daugava River 
in Riga, Latvia.in Riga, Latvia.

803 meter long 7 span beam of an extradosed bridge will be 803 meter long 7 span beam of an extradosed bridge will be 
launched with a nose and a reinforcing frame made of 4 launched with a nose and a reinforcing frame made of 4 
cablecable--stays in the leading span.stays in the leading span.
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At the very beginning we believed we knew the positions At the very beginning we believed we knew the positions 
where we had to pay attention to the strength of beam, where we had to pay attention to the strength of beam, 
nose, and cablenose, and cable--stays.stays.
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Later we found out that nonLater we found out that non--linear cable behavior had to be linear cable behavior had to be 
taken into account.taken into account.

That broke all our expectations and caused the analysis of That broke all our expectations and caused the analysis of 
the entire launching from the first step to the last.the entire launching from the first step to the last.
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Later we found that some blocks had to be reLater we found that some blocks had to be re--designed designed 
because of their insufficient strength at some positions.because of their insufficient strength at some positions.

The calculations were repeatedThe calculations were repeated……

Later the block mounting sequence was reconsidered.Later the block mounting sequence was reconsidered.

The calculations were repeatedThe calculations were repeated……

LaterLater……

It happened many times that the calculations were repeated.It happened many times that the calculations were repeated.

And each turn consisted of 803 analytical models. An hour And each turn consisted of 803 analytical models. An hour 
for a model. How much time would it take? Over five for a model. How much time would it take? Over five 
months?months?

Without parameterization it could.Without parameterization it could.
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Using our Using our ““launching wizardlaunching wizard””
we analyzed three to four we analyzed three to four 

positions a minute.positions a minute.

When something was When something was 
changed the new results changed the new results 

appeared in no more than appeared in no more than 
two days.two days.
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There was something which suspended the analysis: we had There was something which suspended the analysis: we had 
to deal with pier detachments manually because it is to deal with pier detachments manually because it is 
impossible to use absolutely rigid unilateral supports.impossible to use absolutely rigid unilateral supports.

When we found a negative support reaction we excluded the When we found a negative support reaction we excluded the 
pier from the model and repeated analysis watching for pier from the model and repeated analysis watching for 
negative joint displacement which was the sign that the pier negative joint displacement which was the sign that the pier 
was really attached.was really attached.

And so on and on and on, until the process converged.And so on and on and on, until the process converged.
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This winter, during the launching of a bridge over a river in This winter, during the launching of a bridge over a river in 
Western Siberia, 114 meter long cantilever collapsed and lay Western Siberia, 114 meter long cantilever collapsed and lay 
on the pier it had been hanging above. on the pier it had been hanging above. 

The steel samples taken near the breach proved that the The steel samples taken near the breach proved that the 
material conformed to all the requirements. The Institute material conformed to all the requirements. The Institute 
Giprostroymost was commissioned to make expert Giprostroymost was commissioned to make expert 
examination and inquire whether the accident had occurred examination and inquire whether the accident had occurred 
due to some calculation incorrectness.due to some calculation incorrectness.
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We applied our We applied our ““launching wizardlaunching wizard”” and managed to confirm and managed to confirm 
all analytical statements and perform complete analysis for all analytical statements and perform complete analysis for 
further launching after mending the breach. It took two further launching after mending the breach. It took two 
weeks as scheduled. weeks as scheduled. 

Actually there were no analytical errors and the bridge Actually there were no analytical errors and the bridge 
crashed because of stress concentration after violation of crashed because of stress concentration after violation of 
welding technologies.welding technologies.
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The second problem of incremental launching arises when the The second problem of incremental launching arises when the 
analysis is completed. How should we work up megabytes of analysis is completed. How should we work up megabytes of 
the results? We need the envelope for forces, moments, and the results? We need the envelope for forces, moments, and 
reactions. Also we need joint coordinates in deformed reactions. Also we need joint coordinates in deformed 
configuration at every step.configuration at every step.

We developed a postWe developed a post--processing application to deal with the processing application to deal with the 
results taken from the text files created by COUTPUT command. results taken from the text files created by COUTPUT command. 
The program reads data from a group of text files and transmits The program reads data from a group of text files and transmits 
to Excel the information in the proper form.to Excel the information in the proper form.
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In order to feed the postIn order to feed the post--processor with necessary information processor with necessary information 
the the ““launching wizardlaunching wizard”” writes to the resulting files the output writes to the resulting files the output 
of MEMBER FORCES, LIST DISPLACEMENTS, and LIST of MEMBER FORCES, LIST DISPLACEMENTS, and LIST 
REACTION commands. Also it writes additional information: REACTION commands. Also it writes additional information: 
correspondence between pier numbers and supported joint correspondence between pier numbers and supported joint 
identifiers, joint coordinates in nonidentifiers, joint coordinates in non--deformed configuration, deformed configuration, 
and section modulus (to build stress envelopes).and section modulus (to build stress envelopes).

The program works very The program works very 
fast and delivers from fast and delivers from 
possible errors which possible errors which 

might occur during the might occur during the 
manual data transferring.manual data transferring.
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The technique we invented allows us to dramatically improve The technique we invented allows us to dramatically improve 
the performance of incremental launching analysis. the performance of incremental launching analysis. 

It can be applied to any bridge, even for spatial models It can be applied to any bridge, even for spatial models 
including plate finite elements.including plate finite elements.

There are no limits but engineering mind and experience.There are no limits but engineering mind and experience.
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A language to describe an analytical model is a great feature.A language to describe an analytical model is a great feature.
A language like GTA language like GT STRUDLSTRUDL’’ss is a greater feature. And a language is a greater feature. And a language 
with parameterization is one of the greatest facilities which with parameterization is one of the greatest facilities which 
expand the class of problems to be solved with a program.expand the class of problems to be solved with a program.

Unfortunately there are not so many programs having Unfortunately there are not so many programs having 
parameterization (or what itparameterization (or what it’’s called) as a builts called) as a built--in feature. And in feature. And 
their price grows more than a hundred thousand dollars and more.their price grows more than a hundred thousand dollars and more.

The parameterization is a useful and convenient tool for us. AndThe parameterization is a useful and convenient tool for us. And
we think it could be useful for other GTwe think it could be useful for other GT STRUDL users.STRUDL users.

Of course, the creation of parameterized analytical models Of course, the creation of parameterized analytical models 
demands a more competent engineer. But the skill comes quickly demands a more competent engineer. But the skill comes quickly 
because the parameterization language is much easier than because the parameterization language is much easier than 
BASIC. Anyone who knows what BASIC. Anyone who knows what ‘‘variablevariable’’ means, anyone who is means, anyone who is 
able to input a formula, is able to use the parameterization.able to input a formula, is able to use the parameterization.



3232Our recommendations for future GTOur recommendations for future GT STRUDL development:STRUDL development:

1.1. GENERATE and REPEAT commands to create a group of rigid bodies aGENERATE and REPEAT commands to create a group of rigid bodies as s 
well as finite elements.well as finite elements.

2.2. ACTIVE and INACTIVE commands for rigid bodies.ACTIVE and INACTIVE commands for rigid bodies.

3.3. Drawing rigid bodies as lines from the master joint to the slaveDrawing rigid bodies as lines from the master joint to the slaves. (!)s. (!)

4.4. Keeping SLAVE RELEASES information while saving the text in Keeping SLAVE RELEASES information while saving the text in 
GTGT MENU. (!)MENU. (!)

5.5. A command likeA command like LOAD LIST MEMBER LOAD LIST MEMBER ‘‘M1M1’’ MAX FORCE X MAX FORCE X that that 
means means ““find the loading in which axial force of member find the loading in which axial force of member ‘‘M1M1’’ is is 
maximal and make that loading active for the results output.maximal and make that loading active for the results output.

6.6. A command like A command like LIST ENVELOPE MIN MOMENT Z <members>LIST ENVELOPE MIN MOMENT Z <members>
that means that means ““print member forces for loadings in which bending print member forces for loadings in which bending 
moments along Zmoments along Z--axis are minimalaxis are minimal””..

7.7. Displaying the directions of element principal stresses in GTDisplaying the directions of element principal stresses in GT MENU.MENU.

8.8. UNDO and REDO in GTUNDO and REDO in GT MENU. (!)MENU. (!)

9.9. More than 8 character long identifiers. (!)More than 8 character long identifiers. (!)



3333Our recommendations for future GTOur recommendations for future GT STRUDL development (cont):STRUDL development (cont):

10.10. Writing animation into a sequence of bitmap files. Writing animation into a sequence of bitmap files. 

11.11. SELF WEIGHT command for finite elements in Command Mode which SELF WEIGHT command for finite elements in Command Mode which 
generates joint loads (as GTgenerates joint loads (as GT MENU does). (!)MENU does). (!)

12.12. Subtraction of different sign loads rather than composition of Subtraction of different sign loads rather than composition of them at them at 
the creation of masses for dynamic analysis.the creation of masses for dynamic analysis.

13.13. TERMINATE command to quit GTTERMINATE command to quit GT STRUDL immediately with no STRUDL immediately with no 
question dialog boxes. (!)question dialog boxes. (!)

14.14. Axial local loads for truss members.Axial local loads for truss members.

15.15. Allowing MEMBER RELEASES in stability analysis.Allowing MEMBER RELEASES in stability analysis. Stability analysis Stability analysis 
for plane models. (!)for plane models. (!)

16.16. LIST DISPLACEMENT command which does not pick out supported LIST DISPLACEMENT command which does not pick out supported 
joints.joints.

17.17. Improving text selection in Command Mode and developing Improving text selection in Command Mode and developing 
rectangular selection facility. (!)rectangular selection facility. (!)

18.18. ““Automatic groupsAutomatic groups””: all objects with the same prefix in identifier : all objects with the same prefix in identifier 
being an implicitly defined group named as the prefix.being an implicitly defined group named as the prefix.
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THE INCREMENTAL LAUNCHING METHOD IN PRESTRESSED CONCRETE BRIDGE
CONSTRUCTION

1. Introduction

1.1. General

Fig. 1: Principle of construction

The incremental launching method is one of the highly mechanised

erection methods used in bridge construction. The method consists

of manufacturing the superstructure of a bridge by sections in a

prefabrication area behind one of the abutments; each new unit is

concreted directly against the preceding one and after it has

hardened the resultant structure is moved forward by the length of

one unit (fig. 1). This principle has already been used for many

years in the construction of steel bridges. This is hardly surprising,

in view of the equal strength of steel in tension and compression

since, provided the design is suitable, the alternating stresses which

occur when the bridge is slid forwards can be accepted without

difficulty. This is not so with concrete, which can withstand only

small tensile stresses without damage. Special measures are

therefore necessary to enable concrete bridges to be slid forward by

steps; the skilful use of prestressing is the most important of these

measures.

One may ask why it was that the essential features of the now well-

known incremental launching method were only used for the first

time in a prestressed concrete bridge, when the bridge over the Rio

Caroni in Venezuela was built in 1962 (fig. 2). The incremental laun

compensated by savings in the labour costs. These conditions are

especially predominant in the incremental launching method. The

development of teflon and related products which enable sliding of

units to be carried out with a low coefficient of friction finally

provided the conditions in which the method could be used with

success.

A major part in the development of the incremental launching

method for prestressed bridge construction was played by Prof. Dr.

F. Leonhardt and his partner Willi Baur. These engineers carried out

the basic design for the Caroni Bridge and the Inn Bridge Kufstein

and since then have designed in detail and been responsible for the

construction of many other projects. In 1967 a patent (No. 1237603)

was granted to them for the method in the Federal Republic of

Germany. The Ziiblin Group obtained a similar patent (No. 451227)

in Switzerland in 1968. The CITRA Company also obtained a patent

in France in 1970 (No. 1588840). At present, no information is

available about further patents in other countries. Before the

method is adopted, however, it is advisable to clarify the patent

situation.

The incremental launching method is generally economical for

bridges of spans of 30 to 60 m and already for quite small projects

of lengths exceeding about 150 m.

By the end of 1976 about 80 bridges, having a total area of about

300,000 m2 (equivalent to a total of 25 km of bridges of 12 m width)

had been constructed by the incremental launching method. The

method has therefore proved eminently successful.

1.2. Preconditions for use of the method

The incremental launching method can be used for straight bridges,

or where the superstructure has a spatial curve of constant radius

throughout the length. This means that it is even possible to construct

bridges which are curved both horizontally and vertically, provided

that the radii are constant.

The superstructure should consist of a beam of constant section, for

which the slenderness ratio, that is the span-to-depth ratio, is not

more than 17 when completed. Normally, the ratio lies between 12

and 15, the first value applying to larger, the second to smaller spans.

It is of advantage, with regard to design and detailing, if all the spans

except the end ones are equal or almost equal in length; the length of

the end spans should not exceed 75 0% of that of the standard

Fig. 2: Bridge over the Rio Caroni, Venezuela

ching method as applied today for prestressed concrete bridges was

first used in 1965 at the Inn Bridge Kufstein, Austria. After the Second

World War, bridges were designed on the principle of the minimum

consumption of materials. Later on, the labour component of the

construction costs became increasingly large, as a consequence of

the complication of formwork and falsework, so that construction

methods which were less labour-intensive came to the fore, in which

a certain excess consumption of materials was more than

1



spans.
The most suitable cross-sections are the single-cell box section or
the double T-beam; double-cell box sections have also been used,
but their construction is somewhat more complicated in respect of
shuttering and supports.
It is evident that a sufficient area of suitable loadbearing ground
must be available behind one abutment for the construction yard. If
the bridge has a longitudinal gradient, it is preferable for the
construction yard to be behind the lower abutment, so that no
braking equipment is necessary during launching.
If some of the preconditions for the use of the incremental launching
method do not already exist, the modifications required are
frequently quite small. It is however to be hoped that in the future
increased attention will be paid at the design stage to the possible
use of the incremental launching method. The VSL Organisations
will be glad to provide advice in this connection.

1.3. Features of the incremental launching method
The method is characterised by the following features:
- Construction is carried out completely without falsework, so that

there is no problem in passing over obstacles below, such as 
roads, railways, rivers, buildings or conservation areas (see also
fig. 1).

- The fabrication yard is stationary and located behind one 
abutment, which makes accurate construction possible. The 
concentration of plant in one area also keeps the site 
investments and overheads relatively low and the transportation
distances extremely short. 

- The superstructure is made up of units of 15 to 25 m length, each
completed in one week; there are no

joints, since each unit is concreted directly against the preceding
one.

- During the construction stage the superstructure is centrally 
prestressed, to limit the tensile stresses produced by the bending
moments. Small tensile stresses should be permitted (partial or 
limited prestressing), even if such stresses are not permitted in 
the completed structure; they considerably improve the 
economics of the method, without detracting from the safety of 
the structure.

- A lightweight nose is fitted to the cantilever end of the 
superstructure to reduce the cantilever moment during 
launching.

- A hydraulic jacking device for launching is located at the 
abutment.

- The bridge supports are equipped with special sliding bearings.
- Auxiliary supports may be incorporated between the piers for 

long spans and/or where the span/depth ratio is high.

1.4. Features of the VSL launching method
The use of the VSL system in the incremental laun
ching method has the following special characteristics:
- The jacking equipment has been developed from the 

prestressing equipment for the VSL strand post-tensioning 
system, so that the pumps and various other components can be
used for either purpose.

- The operating of the equipment is simple.
- Equipment of large capacity (up to 5800 kN [580 t] per jack) is 

available.
- The pulling elements (strand cables) are light and flexible.
- The jacking equipment is concentrated at one abutment.

Fig. 3: VSL jacking equipment
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2. Suggestions for structural design

2.1. General
In most countries it is still not usual for the incremen tal launching
method to be specified for bridges (thE particular exception is the
Federal Republic of Ger many). In those cases, therefore, in which
the use o the method appears possible, the preparation of an
alternative proposal will be necessary. For this purpose the following
documents are required:
- the general specifications
- a general site plan (1 : 2,500) 
- a site layout drawing (1 :500) 
- a plan view
- a longitudinal section
- the dimensions of the cross-section, piers and abutments
- details of the bearings.
The relevant standards must also obviously be known.

2.2. Loading cases
In addition to those loading cases which must in gene ral be
considered, the erection conditions are of espe cial importance to
the structural design when the in cremental launching method is to
be used; these con ditions influence both the superstructure and
also the piers and abutments.
During launching the superstructure is subjected to continually
alternating bending moments (fig. 4). Each cross-section moves
from regions of positive moment: into regions of negative moments
and vice-versa, so that tensile stresses occur alternately at the
botton and top parts of the section. The use of central pre stressing
reduces the tensile stresses to the permissiblE value.
After the superstructure has been completely launched it must be
raised successively by 5-10 mm at each pier by means of jacks, so
that the final bearings car be installed. This, however, does not
constitute a spe cial loading case, since the influence of differentia
settlements at the supports must in any case be inves

Fig. 4: critical moments during construction

tigated. Regular check level readings are taken to ensure that the
figures assumed in the design are not exceeded. It may therefore be
necessary to provide adjustment devices, to permit wedging up of
the bearings.
When the horizontal jacking equipment is installed only at the
abutment (the VSL equipment is of this type), the bridge piers will be
subjected to a horizontal force in the direction of launching at the
level of the bearings due to friction. This must be allowed for by
appropriate design and reinforcement (possibily prestressing) or by
guying or anchoring of the piers.
The abutment which takes the thrust of the jacking equipment must
frequently be capable of accepting very large horizontal forces
towards the end of the launching operation, caused by the frictional
resistance. If the abutment alone is not capable of withstanding
these forces, it is usually possible to design the foundations
immediately behind it in the fabrication area to provide the required
additional resistance. If this is not sufficient, the abutment must be
strengthened or secured with ground anchors.

2.3. Prestressing
In contrast to all other construction methods, a central prestress is
required during the construction stage in the incremental launching
method. As already mentioned in this section, this is due to the
alternating bending moments. What however does central
prestressing really mean? Central means that prestressing cables
are so arranged that the resultant compressive stresses at all points
of the cross-section are equal and therefore it makes no difference
whether the tensile stresses produced during launching occur in the
upper or lower parts of the section.
This type of prestress is, of course, quite incorrect for the pattern of
moments in the completed state and moreover cannot be
subsequently adapted to that pattern. (This was in fact done in the
first bridge con
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structed by this method but the expense proved to be too great). By
adopting a relatively low span/depth ratio, however, it is possible to
keep the central prestressing low and economical. The arrangement
of the central prestressing cables is such that, in conjunction with
the reinforcement, they provide the necessary factor of safety
against rupture during construction.
When the bridge superstructure has been completely launched, the
continuity tendons are pulled or pushed through and stressed. Their
lay-out is designed according to the bending moments in the
completed state in which they supplement the central prestressing,
which, of course, remains active. In planning the stressing
programme, careful consideration is given to the changes in forces
and stresses which will be produced.

2.4. Auxiliary equipment
It has already been mentioned that the conditions during erection
have a very great influence upon the economy of construction of the
superstructure of a bridge built by incremental launching. Various
auxiliary equipment is necessary during construction. To reduce the
cantilever moment as the superstructure is pushed forward a
temporary nose (fig. 5) is fitted to the front end of the superstructure
or alternatively the front end may be guyed from a mast (fig. 7).

would not be economic. Temporary additional prestressing proves to
be cheaper.
For designing the nose, the determining factors are firstly the
maximum positive moment at the point of fixing of the nose to the
superstructure and secondly the maximum bearing reaction applied
to the bottom flange. The maximum positive moment occurs when
the nose projects sufficiently far beyond the pier for the
superstructure to occupy about 75 % of the preceding span (fig. 6).
Lateral forces due to wind and possibly also due to oblique forward
pushing («bearing force,, at the lateral guides) also act upon the
nose.
It is also possible to reduce the cantilever moment by guying from a
mast instead of by using a nose. This, however, requires constant
adjustment to the forces in the guys during forward movement,
whereas the nose requires practically no attention.

For bridges with spans exceeding 50 m it may be of advantage to
use auxiliary piers during erection. This permits a reduction in the
central prestress which, in such large spans, would not only lead to
high stresses but also require a considerable quantity of material. If
possible, the auxiliary supports should be of reinforced concrete,
since steel is relatively elastic and temperature-sensitive.
Combinations of concrete and steel have also been used, for
example in the form of concrete walls braced with steel or steel
tubes filled with concrete. Above a height of about 40 m auxiliary
piers are economical only in exceptional cases.

2.5. Piers
The piers are usually designed for the final loading condition, in
which the loadings and static system are very different from those
during construction. In the construction stage, the piers have a
larger buckling length and the horizontal force in the direction of
forward push is larger, whereas the bearing forces are smaller. If the
loading cannot be accepted by the crosssection of the pier, either
the cross-section must be increased or the piers must be
temporarily guyed. The latter solution is normally the more
economical. If the piers are very high, the horizontal force produced
during forward jacking can be eliminated by using jacking equipment
mounted directly on the piers, so that the action and reaction cancel
out.

Fig. 7: Guying from a mast
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Fig. 5: Nose

Fig. 5: Nose

The nose usually consists of two braced main girders (lattice or solid
web girders) of steel. Its length is 60 to 65 0/o of the span of the
bridge in the construction stage. Its weight ranges between 1 and 2
t/m, or more if the length is over 30 m. Noses of prestressed
concrete have also been used, but they are of course somewhat
heavier; they may however be economical in certain circumstances,
for example where steel is expensive or transportation difficult. The
use of a nose does not, however, enable the cantilever moment to
be reduced to the value of the inner support moment for which the
central prestress must be designed. In theory it would be possible to
achieve this with a longer nose, but it



3. Construction suggestions

3.1. General
When the incremental launching method is used, the advantages of
in-situ and precast concrete construction are combined. The
fabrication area is stationary and often covered to make it
independent of the weather, and the transport distances are very
short. This concentration of equipment permits almost factory
conditions of construction and correspondingly high quality.
The fabrication area (fig. 8) includes the formwork, concrete mixing
plant, a rail-mounted tower crane, storage areas for reinforcing and
prestressing steel and the jacking equipment. If the prestressing
tendons are made up on site, space for tendon assembly is also
required.
The jacking equipment at the abutment and the temporary bearings
on the piers and in the fabrication area must be accessible for the
forward jacking operations.

Fig. 8: Fabrication area

3.2. Formwork
For a box-section structure, construction is usually carried out in two
phases: in the rear part of the fabrication area, the bottom slab is
cast, while the webs and deck slab are cast in the forward part.
Consequently, there are two formwork units (fig. 9). The rear
formwork, where accuracy is of especial importance so that the
sliding surface shall be clean and the laun

Fig. 9: Formwork

ching direction accurately maintained, consists of the bottom
formwork and of side forms each about 0.5 m high. It should be
possible to lower these forms, to eliminate additional friction
during forward jacking. The bottom slab in each case is concreted
in the preceding cycle, so that in the second phase it can support
the internal formwork and part of the weight of the concrete of the
deck slab. The internal formwork is collapsible and movable,
enabling it to be reinstalled with minimum expenditure after each
cycle. The two external forms in the second region are in a fixed
position and can be hydraulically lowered.
The construction of a superstructure having a double T-beam
section naturally requires only one formwork unit, in which both
the external and internal formwork are in fixed positions and can
be hydraulically lowered outwards and inwards respectively.
All formwork is of steel, provided the number of cycles is
sufficiently high (in excess of about 25), otherwise it may, for
instance, be of plastic-coated timber.

3.3. Sequence of work
A particular advantage of the incremental launching method is
that the separate working operations recur in regular cycles, so
that even with a relatively inexperienced team it is possible for
high quality and output rates to be attained. By training the team
(usually about 15 persons) and as a result of the wide use of
mechanisation, a high rate of progress can be attained.
In the incremental launching method the working rhythm is co-
ordinated to the construction of one unit per week. The individual
operations are as follows (for a box-section structure):
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The length of one increment depends firstly upon this programme
and secondly upon design and cost considerations. From the design
viewpoint it is desirable for the construction joints to be located at
sections of low stress, that is near the points of zero moment. This
means, however, that the pier diaphragms must be installed later. If
this is to be avoided, the subdividing of the units must be done in
such a way that each pier diaphragm is located at the front of the
increment to be concreted. This however involves a departure from
the principle of locating the joints in lightly stressed cross-sections.
To use the repetition effect to maximum advantage, a whole number
of increments should fall in one span. The length of a unit is finally
influenced also by the costs, since the total costs of formwork and
forward jacking should be a minimum; this is the case when the
equation B = Kv . Kb-1 . L is satisfied, in which B = length of
formwork in m, Kv = cost for one forward jacking (including the costs
for hire and operation of equipment, operation of temporary
bearings, joint forming, couplers for the central prestressing tendons
and stressing of them), Kb = cost per metre run of formwork
(including costs for foundations, formwork facing, supporting
structures and pulling strands), L = total length of bridge to be
constructed.
The satisfying of all these conditions often results in the length of a
unit being a half-span; depending upon the size of cross-section and
length of span, it may be necessary to choose an increment smaller
than this (for example 1/3 or 1/4 of span). In the normal case, the
length of an increment is from 15 to 25 m.

3.4. Prestressing
It has already been mentioned that we must distinguish between
central prestressing and continuity prestressing.

3.4.1. Central prestressing
The tendons for central prestress are usually located in the deck
slab and bottom slab (or in double T-beams at the bottom of the
web) in a quantity inversely proportional to the distances between
centroid of tendons and centroid of section. The prestressing
tendons are usually made up of small units, of up to about 1000 ki`I
(100 t) working load (that is up to VSL 5-7), since the dimensions of
the two slabs permit only small anchorages to be used. The tendons
in the upper slab are coupled and stressed only in each alternate
unit and those in the lower slab in every third (possibily every
second) unit alternately, which results in an economic sequence of
work for the stressing team, resulting in reduced costs.
The assembled tendons for the upper slab may be reeled onto
drums and the drums suspended from a trestle (fig. 11), to enable
other operations to continue unimpeded.

Fig. 11: Trestle for tendons for deck slab
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Fig. 10: Cable arrangement (central and continuity prestressing)



In the past, bar systems have often been used instead of cables for
the central prestress. The bars were then lengthened at each unit by
couplers; they were stressed, however, only at every second or third
increment.
In exceptional cases, the central prestress is provided by cables
which are not concreted in but are located outside the concrete
cross-section. Anchoring buttresses are then used as the stressing
points. This arrangement is adopted when it is necessary to remove
the cables for the completed state, to prevent the stresses becoming
too high. This case can arise with large spans and a relatively
shallow bridge superstructure.

3.4.2. Continuity prestressing
The continuity tendons, which are normally located in the webs and
terminate at anchoring buttresses on their inner faces, are plulled or
pushed through later and are not stressed until the bridge has been
completely launched. These cables are larger units and usually
have stressing anchorages (in the VSL system: type E) at both
ends. This does not however mean that they must be stressed at
both ends, since single-end stressing may be sufficient depending
upon the friction conditions. For the latter case, the VSL
prestressing system offers an alternative solution by the use of the
dead-end anchorage type H (fig. 12): The strands of the continuity
tendons are pushed through one by one from the stressing
anchorage, as soon as the unit in which the H-anchorages are
situated is in the formwork. The dead-end anchorage is formed in-
situ and concreted in. Since stressing cannot be carried out until
some time later, temporary corrosion protection is necessary.

3.4.3. General remarks
With the incremental launching method, the total quantity of
prestressing steel is in general some 40 to 60 0/o higher than for
bridges constructed on falsework, due to the provision of both
central and continuity prestressing. The resultant additional costs
are, however, more than compensated by savings in formwork and
labour costs.
Double T-beam bridges require more prestressing steel than box-
section bridges, but are very simple to construct.
In addition to the longitudinal prestressing, transverse and vertical
prestressing may also be necessary. Prestressed cables are also
used for attaching the temporary nose.

3.5. Auxiliary equipment
Various auxiliary equipment and components are necessary for the
incremental launching method. A pulling device rather than a
pushing device is more sui-

Fig. 13: VSL-jacks with suporting structure

Fig. 12: Continuity tendons with H-anchorages

table for applying the forward movement; this principle is used, for
instance, in the VSL system (see also fig. 3). The VSL jacks bear
against a steel support structure, which in turn is anchored to the
abutment (fig. 13). Before each forward movement, a further
auxiliary structure of steel beams (termed pick-up beams) is placed
at the end of the just completed unit, to which the strand cables are
attached. At the abutment the cables pass through the centrehole
jacks and can be easily withdrawn after each launching operation.
The speed of forward movement depends upon the types of jacks
and pumps used and is from 3 to 6 m/h.
Further auxiliary components include the temporary sliding bearings
(or special sliding surfaces on the permanent bearings) and the
lateral guides (fig. 14).

Fig. 14: Temporary sliding bearing with lateral guide

The temporary bearings usually consist of a high-quality concrete
block covered with a stressed chrome-steel plate. The surface of the
block must be of such a shape that the sliding plates can be inserted
without difficulty. It must be remembered that the sliding plates,
which are of steel-reinforced neoprene with a teflon coating on one
face, become slightly compressed under the load.
In order to remove the temporary bearings when transferring the
bridge onto the permanent bearings or in order to remove the sliding
plates and chrome-steel plate (when the bridge is launched over the
permanent bearings), jacks are used. The jacks are positioned
alongside the temporary bearings beneath the webs or beneath the
pier diaphragm, depending upon which of these locations will
provide sufficient space for the jacks and the necessary operating
access to them.
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The forward end of the temporary nose is so designed that, in spite
of the deflection, it can ride gently and reliably onto the pier. Either
the underside bearing surface is rounded vertically at the forward
end or there is an upward hinging end piece which, when the nose
meets the pier, is pressed into the horizontal position by jacks. Even
when the cantilever moment is relieved by mast guying, a short
nose with a rounded running surface is fitted to the forward end of
the structure to ensure that it lands without difficulty on the pier.
The design of the temporary piers will of course depend upon their
height, but the principal factor influencing it is whether they are to be
completely demolished when removed or whether they are so
designed that most of their component parts can be reused. Short
supports of relatively small dimensions can be easily removed. If
they are of steel, then some parts can certainly be used again; if
they are of reinforced concrete, they are demolished after use. High
temporary piers

can with advantage be built up from prefabricated components, and
their subsequent removal therefore presents no special problems.
This also permits a certain amount of reuse. Some examples of
auxiliary pier designs may be seen in fig. 15.
The auxiliary supports are automatically relieved of load when the
continuity tendons are stressed and the temporary bearings can be
removed and the piers dismantled.
The guying or staying of piers and auxiliary supports, that is
anchoring back of the heads of the piers, can be carried out by two
basic methods: by inclined guys or, where the spans and length of
bridge are small, by horizontal anchoring back (fig. 16). In both
cases, these guys can be constituted of individual prestressing
strands or of complete prestressing cables.
The method which uses horizontal anchoring to the abutment has
the advantage that the abutment is relieved of load by the tying-back
forces. Each pier head must, however, be tied back individually,
since otherwise the pier deformations would be cumulative and
become too large. Inclined guys are anchored either in the base of
the adjacent pier or directly to the ground by ground anchors.

4. VSL service range

4.1. Extent
The VSL Organisations can offer a comprehensive service for a
bridge to be constructed by incremental launching; the extent of the
tender will depend upon the particular circumstances. The VSL
services consist essentially of:
- the drawing up of a preliminary scheme for a bridge not originally

designed for incremental launching,
- the supply, placing, stressing and grouting of the prestressing 

tendons (central and continuity prestressing),
- hiring and operating of the horizontal jacking equipment,
- supply of pulling cables,
- design and supply of the auxiliary structures,
- design and supply of the temporary sliding bearings (including 

sliding plates),
- design and supply of the steel or prestressed concrete nose or 

mast guying system,
- hiring and operating of jacks for transferring the bridge from the

temporary to the permanent bearings,
- design and supply of any necessary pier guys.
Some of the VSL Organisations are also able to offer the slipform for
the piers as well as bridge bearings and expansion joints.

Fig. 15: Auxiliary piers

Fig. 15: Auxiliary piers

4.2. Personnel requirements
The prestressing and incremental launching operations are
provided as a combined tender wherever possible. By using VSL
personnel for both classes of work appreciable savings in cost can
be achieved since the crew can be kept continuously employed.
During the launching operations, the main contractor is asked to
provide a crew for manning the sliding bearings, since these people
would hardly have any other work to do during this period.

4.3. Preparation of a tender
Detailed drawings and specifications are an essential basis for a
tender. In addition discussion between the main contractor and the
VSL Organisations is desirable, in order to clarify the possibilities
and extent of the VSL services.
The tender for the incremental launching operations comprises the
transporting, installation, provision and hiring, dismantling and
operating of the equipment and auxiliary components. A drawing
indicating the detailed constructional arrangements is also included
with the tender.
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5. Examples of completed structures

5.1. Ravensbosch Viaduct, Netherlands

Client: Provinciale Waterstaat Limburg,
Maastricht

Engineers: Bouvy, van der Vlugt, van der Niet,
Scheveningen

Contractor: Joint Venture
Internationale Gewapend Betonbouw (IGB), 
Breda
Societe Belge des Betons (SBB),
Brussels

Post-tensioning: Civielco B. V., Leiden
Launching: VSL INTERNATIONAL LTD., Berne

Introduction
The Ravensbosch Viaduct forms part of the motorway linking
Maastricht and Heerlen in Southern Netherlands. It spans the valley
of the Strabekervloedgraaf near Valkenburg at a height of about 25
m. The structure consists of two parallel box girders topped by a
common deck slab of 37.77 m width. Its length of 420 m is divided
into eight spans of 42, 6 x 56 and 42 m. The viaduct is uniformly
curved with a 2000 m radius.

Choice of the Construction Method
Due to the importance of the structure and in order to find the most
economical construction method, three different designs were
prepared for tender:
- The basic design with spans of 42, 6 x 56 and 42 m to be 

executed according to the (Incremental Launching Method»,
- Alternative I with spans of 45, 5 x 66 and 45 m to be carried out

with prefabricated segments,
- Alternative II with spans of 35, 7 x 50 and 35 m to be

conventionally built.
Additionally the contractors had the opportunity of tendering with a
design of their own. Eleven prequalified contractors (six Dutch and
five from abroad) were invited to tender. After a period of three
months eighteen offers were received, i. e. ten for the basic design,
two for alternative I, four for alternative II and two for other designs.
The joint venture IGB/SBB offered the lowest bid with its price for
the basic design and it was awarded the contract worth nearly 7.5
million Dutch Florin. The time for the execution of the viaduct - the
first in the Netherlands built according to the Incremental Launching
Method - was limited to 26 months.
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The Structure in Detail
The main dimensions of the structure are given in the preceding
figure.
The lay-out of the section was, of course, specially adapted to the
use of the Incremental Launching Method and some typical details
show that: The height of the box girder corresponds to about 1/17th
of the main spans whereas this ratio normally is 1/20th or less. The
aim was to reduce the quantity of post-tensionihg cables to be
installed and to increase the stiffness of the superstructure. This
second point was important as during construction no previous
compensations for longterm deformations were possible. The
thickness of the bottom slab is also greater than usual; it was
governed on the one hand by the dimensions of the anchorages of
the tendons incorporated, on the other hand by the weight
transferred by the inside shuttering when the deck slab was
concreted. Finally it should be noted that the dimensions of the
whole section are constant throughout the length of the bridge
whereas normally the thickness of the webs at least is increased
near the supports. But here this was not possible because the
shuttering was of steel and could not be adapted to different
sections.

Construction Sequence
The construction yard of the Ravensbosch Viaduct was located
behind the eastern abutment. This side was chosen in view of the
launching operations as the viaduct has a downward inclination
towards the west of 1 0% .Thus the friction was accordingly
reduced. For the construction yard an aera 75 m long and 25 m wide
was necessary. This gave room for two casting yards, a storage
area for reinforcing and prestressing steel, a runway with a tower
crane and a concrete mixing unit. The casting and storage yards
were protected by a roof.
The increments of about 19 m length were executed in three stages.
In the first casting yard the bottom slab was built. Then the webs
were cast in the second yard, followed by the deck slab. By this
method the bottom slab had an age of one week when it came into
the second yard. It was therefore capable of supporting the inside
shuttering and the weight of the concrete of the top slab.
The construction cycle for one segment was as follows:
Monday morning: stressing of the cables of the

segment cast the week before
Monday afternoon: launching
Tuesday: construction of the bottom slab
Wednesday: construction of the webs

Construction of the webs
Placing of transverse cables

Thursday and Friday: construction of the deck slab Saturday and
Sunday: hardening of the concrete
Special attention had to be given to the accuracy of the shuttering.
Indeed a deviation of 1 mm at one end of the 19 m segment would
have resulted in a cumulated error of 100 mm over the total length
of the bridge. It was, however, possible to install the shuttering with
a precision of 1/10 mm!

Prestressing
In the case of the Ravensbosch Viaduct the central prestressing
consists of tendons of 828 kN ultimate capacity; eight cables are
arranged in the bottom slab, eighteen in the deck. They induce a
central stress in the concrete of about 1.5 N/mm2. Temporary piers
helped to keep the central prestress small. In front of the structure a
steel truss of 15 m length and 20 tonnes weight was installed. How
much it reduced the cantilever moment can be seen by the weight
of a corresponding part of the superstructure which was about 375
tonnes for a 15 m legth.
Continuity cables are made of VSL tendons EE 6-12 (ultimate
capacity 3100 kN). Each web contains a group of six cables
arranged in such a way that over the supports the groups of two
adjacent spans overlap. Thus on each side of a pier diaphragm six
cables are anchored in block-outs at the top of the web. The cables
were pulled into the ducts only after completion of launching and
then fully stressed.
The deck of the viaduct is also post-tensioned. VSL cables 6-4 at
330 mm c/c are used for this purpose. One cable in four has a fixed
anchorage type U at one end and was 

Launching
For the execution of the launching the VSL strand system was used.
Two jacks SLU-330 were fixed to steel girders placed in front of the
eastern abutment. Each jack pulled a cable 6-31 (breaking load
approx. 8000 kN) anchored to a pair of steel girders specially
installed at the end of every increment. The total weight to be
launched near the end of the operation was about 11 500 tonnes.
The stroke of the jacks being 200 mm, launching over a distance of
19 m - the length of a segment - took about six hours.
During the construction stage all permanent and tem
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porary piers were provided with special bearings consisting of a
block of concrete Grade 60 (60 N/m m2 at 28 days) covered with a
stressed sheet of chrome steel. In order to keep the friction as low
as possible steel/ neoprene/teflon plates were introduced between
the advancing box girder and these bearings. The same method
was used to guide the bridge laterally. Lateral guides were placed
on both sides at every permanent pier and on the inner side only at
the temporary piers. After completion of launching the special
bearings were replaced by permanent ones.
The friction was recorded at each jacking operation; as can be seen
from the figure on the right, it was rather high at the beginning but
then became constant at about 5 %. This value corresponded to the
assumption made at the design stage.

Client: State of Bavaria, Road Construction
Office of Weilheim

Engineer: Bung Consultants, Memmingen
Contractor: Joint venture

Bilfinger+Berger, Munich
Wayss & Freytag, Augsburg

Prestressing: VSL GmbH, Garching-Hochbruck

Introduction
To bypass Landsberg, about 60 km to the west of Munich, the
Federal Highway B 12 was moved to the northern perimeter of the
town and designed as a portion

5.2 Highway bridge over the Lech at Landsberg, Federal Rapublic of Germany

of the future highway from Munich to Lindau (Lake Constance). This
work required the construction of a new bridge over the Lech. The
structure, 264 m in length and 30 m wide, crosses the river at a
height of about 30 m and has a curvature of 20,800 m radius in the
vertical plane and 1,687 m radius horizontally. Its maximum
longitudinal gradient is 3.3 0/o.

The structure
The bridge had originally been intended as a steel bridge with three
clear spans of 88 m each. In 1972, construction of the
corresponding abutments and piers was
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commenced. Difficulties then arose in connection with the
constructional activities for the Olympic Games at Munich, so that
construction of the bridge was temporarily stopped. As a
consequence of the increase in steel prices which occurred at this
period, the project was finally dropped and a new design was
prepared, providing for a superstructure of prestressed concrete.
The already existing abutments and piers were retained, with the
spans of 88 m.
The structure was now designed as two box-section girders of 4.50
m depth, connected together by a common deck slab. In view of the
possibility of flooding of the Lech and the height of the
superstructure above the river, the incremental launching method
was selected for construction.

Construction
The following are some of the special features of the construction of
the bridge, partly as a result of these circumstances:
It was neccessary to construct the formwork, which was of timber,
for the 17.60 m long increments in front of the lower (west)
abutment, instead of in the more usual position behind the
abutment. Since the intermediate piers had been constructed as
central, round supports of 6 m diameter, it was necessary to build
special temporary structures of concrete-filled steel tubes for the
launching condition. During the construction stage, it was obviously
not possible to bridge the gaps of 88 m without intermediate
support; auxiliary supports of reinforced concrete were therefore
provided in the centre of each span and additionally in the upper end
span 11.60 m in front of the abutment. A steel nose was fitted to the
forward end of the superstructure, to reduce the bending moments.
The two box-section girders were slid forward in succession, since
as usual only one formwork unit was

used; the southern box section was first constructed, followed by the
northern section. After launching of both bridge halves, the two parts
were joined together by a 7.10 m wide central strip of the deck slab.
The support diaphragms and end diaphragms also provide a cross-
connection.
After a commencement period, in which two weeks were necessary
for the construction of an increment, it was possible to construct one
increment per week. Each of the girders was subdivided into 15
increments. Erection of the bridge had commenced in December
1975 and the work was substantially completed in March 1977.

The VSL prestressing
For the transverse and continuity prestressing the VSL system was
employed. The transverse prestressing comprises the cables in the
deck slab and also the tendons in the support and end diaphragms.
For the deck slab, 361 kN (36.8 t)-cables of type VSL EE 5-4 were
used, all 29.30 m long and at an average spacing of 0.49 m. When
the two box-section girders were erected, only the empty cable
ducts were built in. The cables were not installed until the central
strip had been concreted. They were installed strand by strand using
the VSL push-through machine, which was operated for this
purpose on the north side of the bridge from an overhanging
platform. The cables were stressed at one end only, but alternately 

VSL push-through machine

The eccentric or continuity prestressing consists of VSL tendons EE
5-16. Some of these are in the webs and some in the bottom slab
(the span cables). A certain number of web cables terminate at
stressing buttresses, which had been concreted later onto the webs.
All the tendons (244 in total) were pushed into the ducts strand by
strand using the push-through machine after the incremental
launching had been completed. The longest tendons, which are
located in the central span and extend at both ends beyond the
supports, are 124.3 m in length. The majority of longitudinal cables
had to be stressed at both ends, in order to keep the friction losses
due to cable curvature as low as possible.
For the central prestressing of the first flour increments, in addition
to the small prestressing tendons, VSLcables 5-16 were also
incorporated in the webs and bottom slab, to keep the stresses at
the cantilever end during launching within the acceptable limits.
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5.3. Highway bridges Bonn-Ramersdorf, Federal Republic of Germany

Client: Landschaftsverband Rheinland, Highway 
Construction Office, Bonn

Engineer: Wayss & Freytag, Cologne/Frankfurt
Contractor: Joint venture

Wayss & Freytag, Cologne
Beton- and Monierbau, Cologne

Prestressing: VSL GmbH, Garching-Hochbruck

Introduction
Between the highway intersection Bonn-Ramersdorf and the
Konrad-Adenauer-Rhine Bridge, two parallel bridges carry the A 56
over the tracks of the Bonn Suburban Tramway
(Siebengebirgsbahn) and over the Konigswinterer Hauptstrasse (B
42). Both structures are about 145 m long and 19.28 m wide. In the
region of the bridges, the line of the highway is at a maximum
gradient of 1.9 0/o and a curve of 2,400 m radius, also with a vertical
curve (radius 39,000 m). Each half bridge has seven spans ranging
between about 15 and 22 m.

Details of the bridges
Each half bridge consists of a double T-beam, without diaphragms,
of 1.80 m total depth, with a distance between web centre lines of
11 m. The webs rest on circular individual piers of 4 to 6 m height
and 1.10 m diameter, founded upon large piles. The cross-section of
the superstructure was adopted from a special proposal of the
contractor, who bid on the basis of the incremental launching
method. It should be noted in this connection that only a few double
T-beam bridges have so far been erected by this method. It is for
bridges of relatively shallow depth, however, that double T-beam
sections are simpler than box-sections and the formwork is
therefore less costly.

Erection
Each half bridge was constructed in nine sections of 13.65 to 16.20
m length in a wooden form. The form was erected behind the upper
abutment. After a somewhat slower initial period, the construction of
one increment required one week, so that forward jacking could be
carried out each Monday. To permit sliding over the individual piers,
the bearings were constructed in such a manner that they could be
used as sliding bearings during erection and as permanent bearings
in the completed state. Each pier on the inner side of the curve was
equipped with a temporary guide device in addition.
A steel nose was fitted to the cantilever end of the bridge structure

the bridge structure in the usual way. In this case, it was possible to
use an existing nose from an earlier site, adapting it by means of a
few new parts to the changed conditions.
The two parts of the bridge were constructed one after the other,
commencing with the north structure. The erection period lasted
from September 1976 to May 1977.

The VSL prestressing
In bridges constructed by incremental launching, three types of
prestressing are usually found: the central, the eccentric and the
transverse prestressing. On this project, the cables of the second
and third groups were by the VSL system.
For the continuity prestressing, only the empty ducts (80/85 mm
diameter) were laid during construction. After the bridges had been
completely launched, the strands were pushed in with a push-
through machine, from one end over the entire length of 145 metres.
In each web, there are four cables of type VSL EE 5-16 which, on
account of their length and in view of the fact that they extend over
seven spans, had to be stressed at both ends.
For the tranverse tendons, VSL cables of type EH 5-4, of 17.30 to
19.50 m length, were used. They were made up directly on the site
and installed as complete, ducted cables. In total, 1,158 transverse
tendons had to be manufactured, laid at an average spacing of 0.24
m. To ensure symmetry, the stressing anchorage was alternately at
the left and right edge of the slab.
At the abutments, the two bridge structures were closed by
prestressed end diaphragms, which had been concreted against the
bridge structure afterwards.

Bearing with sliding plates

Fixed anchorage type HI of transverse cables
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Client: Indiana State Highway Commission
Engineer: VSL Corporation, Los Gatos, California
Contractor: Joint venture

Weddle Brothers Construction Co.,
Rogers Construction Co., both of Bloomington,
Indiana

Prestressing and
launching: VSL Corporation, Los Gatos, California

Introduction
This is the first bridge built by incremental launching in the USA. It
carries the re-located US road number 136 over the Wabash river in
the vicinity of Covington, Indiana. The structure is straight both in
elevation and in plan and without any gradient. Its length is 285 m
with a width of 14.17 m, and it spans the river at about 11 m above
the mean water level. When in spate, however, the Wabash River
rises considerably, so that construction of the bridge on falsework
was out of the question.

The Tender
In the tender documents it had been envisaged that the
superstructure would be built of prefabricated segments by the
cantilever method. This would have necessitated the use of mobile
and floating cranes, to enable the elements to be placed. The Client,
however, permitted alternative proposals, on the condition that the
superstructure cross-section and arrangement of supports would be
retained. This led the VSL Corporation to offer a variant, in the
incremental launching method, to interested contractors. In fact, this
bridge presented ideal circumstances for the use of this method,
possibly with the exception of the double-cell box-section.
The latter circumstance, however, presented no obstacle, since
double-cell box-section bridges had already been erected by the
incremental launching method.
The Weddle/Rogers joint venture, which had submitted the
cheapest bid and obtained the contract on that basis, decided in the
middle of October 1976 to adopt

the proposal of the VSL Corporation and to entrust this Corporation
with the redesign of the bridge and the provision of the launching
equipment, the steel nose, the temporary sliding bearings and the
reinforcing steel, and also with the execution of the prestressing
operations.

Details of the bridge
The superstructure of the Wabash River bridge is 2.50 m in depth
and is subdivided into four central spans of 57 m and two end spans
each of 28.50 m. It rests on solid-wall piers of 6.10 m width and 1.52
m thickness. They are founded directly on the solid rock and are at
an angle of 80° to the axis of the bridge, since the bridge does not
cross the river at right angles. The abutments, however, are
orthogonal.

Erection
The superstructure was constructed in 20 increments each 14.25 m
in length. Each section was built in two steps, the bottom slab being
first constructed, followed by the webs and deck slab. Two forms
were therefore necessary, a rear form for the bottom slab and a
forward form for the remainder of the cross-section. Using this
method, one section could be constructed every week and forward
jacking could be carried out every Monday.
Two 3000 kN (300 t)-jacks were used for the forward jacking. These
were, however, not VSL jacks of the SLU range but a sliding
equipment differing from the VSL system and already used a
number of times in Europe; this equipment is shown below:

5.4. Bridge over the Wabash River, USA

This type of sliding equipment can be used where the applied force
is sufficiently large in relation to the sliding force required.
The principle of operation is as follows: the horizontal (sliding) jack
is fully retracted before sliding commences. Then the vertical jack is
extended and the superstructure is slightly lifted. The sliding jack
then pushes forward the vertical jack, which rests on a special
sliding bearing, and with it the entire superstructure, by the length of
one piston stroke. The vertical jack is then released, the piston of
the sliding jack is retracted and the cycle commences again (with
the lifting of the superstructure), and is continued until the
superstructure has bee-n advanced by the length of one increment.
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Ravensbosch viaduct, Netherlands

Bridge of the Maastricht-Heerlen Motorway, executed 1972/74

Owner Provinciale Waterstaat Limburg, Maastricht

Engineer Bouvy, van der Vlugt, van der Niet, Scheveningen

Contractor Joint Venture IGB, Breda/SBB, Brussels

Post-tensioning Civielco B. V., Leiden

Launching VSL INTERNATIONAL LTD., Berne

Total length 420 m, Alignment: horizontal radius 2000 m,

slope 1%

Spans 42/6 x 56/42 m (auxiliary piers during construction)

Width 37,77 m (2 box girders)

Depth 3,30 m

Pier heights 6,50 to 23,50 m

Tendons longitudinally 192 cables EE 6-12

transversally 1152 cables EE/EU 6-4

Launching equipment 2 SLU-330 with 2 cables 6-31

Horomoi bridge, Japan
Highway bridge near Muroran (Hokkaido), executed 1973

Owner Hokkaido Prefecture

Engineer Osaka Consultant, Osaka

Contractor Taisei Corporation, Tokyo

Post-tensioning

Total length 170 m, Alignment: straight, horizontal

Spans 52,50/63,00/52,50 m (auxiliary piers during 

construction)

Width 10,00 m (1 box girder)

Depth 3,00 m

Pier height 38,5 m

Tendons 8 cables EE 5-31 I = 172,5 m

An insert possessing a high coefficient of friction is placed between
the piston of the vertical jack and the superstructure, thus ensuring
that no relative movement between the piston and superstructure
can occur.
In order to limit the bending moments in the superstructure during
the erection stage, auxiliary supports of steel were installed between
the permanent piers. Since these temporary supports were
relatively light, they had to be anchored back by VSL cables type 5-
4 to the rearward main piers. The lower slab of the superstructure,
with its width of 7.62 m, is wider than the piers, so that here again
auxiliary structures had to be provided, capable of carrying the
temporary sliding bearings. A steel nose, 17.70 m in length,
consisting of two cross-braced solid-web girders, was fixed to the
cantilever end of the superstructure to reduce the bending
moments. After launching had been completed, the bridge was
transferred from the temporary bearings to the permanent bearings.

The prestressing
Both the central and the eccentric prestressing consists of VSL
tendons. For the central prestressing, 16 cables 5-12 were used;
contrary to the usual practice, however, these tendons were placed
in the webs. Six each of these tendons were placed in the outer
webs and four in the middle web. They were stressed when the
concrete had reached a minimum strength of 24 N/mmz (245
kg/cmz). The tendons of the eccentric prestressing are of type 5-4
with a flat duct and cast-iron anchorage.

They are located exclusively in the bottom slab (in the span region)
and in the deck slab (over the supports). The use of flat ducts
enabled bundles of two or three superimposed tendons to be
formed. The tendons terminate at small buttresses on the lower and
upper side respectively of the slabs. They were stressed strand by
strand.

The unusual arrangement of the cables was due to the constraint
that the cross-section dimensions of the original design had to be
retained. The use of small cables for the eccentric prestressing had,
however, the advantage that the stressing buttresses were very
small and a small, light jack, very easy to use for overhead work,
could be used for stressing.
In addition, VSL tendons were also used for the prestressing of the
1.77 m wide support diaphragms, for anchoring the temporary
structures to the piers and for attaching the temporary nose.

6. Representative list of incrementally launched bridges post-tensioned and/or 
launched with the VSL-system

Pipeline bridge SNAM across the Po River, Italy

Bridge for oil pipelines near Pavia, executed 1968/69

Owner SNAM S. p. A.

Engineer Dr. Giancarlo Giuliani, Milan

Contractor Presspali S. p. A. and EDIM SRL, Milan

Post-tensioning 
}

VSL Italia S. p. A., Milan

Launching (formerly Beton Precompresso S. p. A.)

Total length 1362 m (6 parts: 4 x 215 m and 2 x 251 m)

Alignment: straight, slope 0.3 °/o

Spans 38 x 35,84 m

Width 4,60 m (U-shaped section)

Depth 2,12 m

Pier heights 10 to 15 m

Tendons temporary (central) 156 cables EE 5-12

final (eccentric) 152 cables EU 5-7

12 cables EU 5-3

Launching equipment 6 VSL-Monojacks

Dal bridge Avesta, Sweden
Bridge of the National Highway No. 70 over the Dal River, executed 1972

Owner Statens Vagverk

Engineer ELU-Consult, Stockholm

Contractor Nya Asfalt AB, Stockholm

Post-tensioning Internordisk Spannarmering, Stockholm

Total length 350 m, Alignment: horizontal radius 3500 m,

vertical radius 25'000 m, max. slope 2,9 °/a

Spans 40/6 x 45/40 m

Width 16,50 m (1 box girder)

Depth 3,20 m

Pier heights 15,80 to 24,80 m

Tendons 48 cables EE 5-12 1 = 56,7 to 77,1 m
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St. Isidore viaduct, France
Bridge of the Motorway A 8 near Nice, executed 1975/76
Owner Departement des Alpes Maritimes
Engineer SFEDTP, Paris
Contractor SONEXA, Nice
Launching Joint Venture VSL INTERNATIONAL LTD.,

Berne / VSL France, Paris
Total length 228 m, Alignment: straight, slope 6%
Spans 28,24/4 x 40,10/39,30 m
Width 10,50 m (1 box girder)
Depth 2,50 m
Pier heights 18 to 23 m
Launching equipment 2 SLU-330 with 2 cables 6-31

Trichtenbach bridge, FR Germany
Bridge of the Stuttgart-Singen Motorway near Trichtingen, executed 1975/76

Owner Highway Department Baden-Wiirttemberg, Rottweil
Engineer Leonhardt & Andra, Stuttgart
Contractor Joint Venture Wayss & Freytag/Karl K6bler
Post-tensioning VSL GmbH, Garching-HochbrOck
Total length 147 m, Alignment: horizontal radius 2500 m,slope 0,6%
Spans 46/55/46 m
Width 30,50 m (2 box girders)
Depth 3,20 m
Pier height 31 m
Tendons 28 cables EE 5-16 I = 147 m

Untere Muehle bridge, FR Germany
Bridge of the Stuttgart-Singen Motorway near Trichtingen, executed 1975/76
Owner Highway Department Bade n-Wurttemberg, Rottweil
Engineer Leonhardt & Andra, Stuttgart
Contractor Joint Venture Wayss & Freytag / Karl Kiibler
Post-tensioning VSL GmbH, Garching-HochbrOck
Total length 119 m, Alignment: horizontal radius 2500 m

slope 0,6 %
Spans 37/45/37 m
Width 30,50 m (2 box girders)
Depth 3,20 m
Pier height 22 m
Tendons 12 cables EE 5-16

4 cables EE 5-12

Mako bridge, Senegal
Bridge of the RN 7 over the Gambia-River, executed 1975/76
Owner Republic of Senegal
Engineer SFEDTP, Paris
Contractor
Post-tensioning VSL INTERNATIONAL LTD., Berne
Launching ,
Total length 190 m, Alignment: straight, horizontal
Spans 16/3 x 21/2 x 16/3 x 21/16 m
Width 8,50 m (slab)
Depth 0,88 m
Pier height 6,50 m
Tendons 48 cables EE 5-12 I = 95 m
Launching equipment 2 SLU-90 with 2 cables 5-7

Lech bridge Landsberg, FR Germany
Highway bridge over the Lech River, executed 1975/77
Owner State of Bavaria, Road Construction Office Weilheim
Engineer Bung Consultants, Memmingen
Contractor Joint Venture Bilfinger+Berger, Munich/

Wayss & Freytag, Augsburg
Post-tensioning VSL GmbH, Garching-HochbrOck
Total length 264 m, Alignment: horizontal radius 1687 m,

vertical radius 20 800 m, max. slope 3,3 0%
Spans 3 x 88 m (auxiliary piers during construction)
Width 30,00 m (2 box girders)
Depth 4,50 m
Pier height approx. 30 m
Tendons longitudinally           244 cables EE 5-16

transversally            545 cables EE 5-4
168 cables EP 5-16 (diaphragms)

Boivre viaduct, France
Bridge of the Motorway A 10 near Poitiers, executed 1976
Owner COFIROUTE, Paris
Engineer SGE, Chevilly-La Rue
Contractor SOCASO, Chevilly-La Rue
Launching Joint Venture VSL INTERNATIONAL LTD.,

Berne / VSL France, Paris
Total length 286 m, Alignment: straight, slope 0,5 %
Spans 35,70/5 x 43,00/35,70 m
Width 9,50 m (1 box girder)
Depth 2,50 m
Pier heights 15 to 29 m

Launching equipment2 SLU-330 with 2 cables 6-31

Sarugaishi bridge, Japan
Railway bridge of the Tohoku New Express Line, executed 1976/77
Owner Japan National Railway, Tokyo
Engineer
Contractor
Post-tensioning Taisei Corporation, Tokyo
Total length 390 m, Alignment: straight, slope 1,1%
Spans 13 x 30 m
Width 12,20 m (1 box girder)
Depth 2,30 m
Pier heights 17 to 25 m
Tendons cables type EE 5-19

Bridges Bonn-Ramersdorf, FR Germany
Highway bridges over road and railway, executed 1976/77
Owner Landschaftsverband Rheinland, Highway 

Construction Office, Bonn
Engineer Wayss & Freytag, Cologne/Frankfurt
Contractor Joint Venture Wayss & Freytag/Beton- and 

Monierbau, Cologne
Post-tensioning VSL GmbH, Garching-HochbrOck
Total length 145 m, Alignment: horizontal radius 2400 m, vertical 

radius 39 000 m, max. slope 1,9 °%
Spans 15 to 22 m
Width 38 60 m (2 double T-beams)
Depth 1,80 m
Pier heights 4 to 6 m
Tendons longitudinally

16 cables EE 5-16 I = 145 m
transversally
1158 cables EH 5-4 1 = 17,30 to 19,50 m
28 cables EH 5-16 1 = 17,80 to 19,55 m

(end diaphragms)

Indre viaduct, France
Bridges of the Motorway A 10 near Montbazon, executed 1976/77
Owner COFIROUTE, Paris
Engineer SGE, Chevilly-La Rue
Contractor SOCASO, Chevilly-La Rue
Launching Joint Venture VSL INTERNATIONAL LTD.,

Berne / VSL France, Paris

Total length 184,70 m, Alignment: straight, slope 0,7%
Spans 35,70/43,00/43,00/40,00/23,00 m
Width 19,84 m (2 box girders)
Depth 2,80 m
Pier height approx. 6 m
Launching equipment 1 SLU-330 with 1 cable 6-19

Neckar bridge Beihingen, FR Germany
Bridge of the Motorway A 81 over the Neckar River and Canal, executed 1976/77
Owner Highway Department Baden-Wurttemberg, Stuttgart
Engineer Leonhardt & Andra, Stuttgart
Contractor Joint Venture Wolff & Muller / Friedrich Jag KG
Post-tensioning VSL GmbH, Garching-HochbrOck
Total length 301 m, Alignment: vertical radius, max. slope 3 °/o
Spans 52,70/59,03/69,38/59,90/59,99 m

(auxiliary piers during construction)
Width 18,50 m (1 box girder)
Depth 2,80 m
Pier heights 9 to 15 m
Tendons 108 cables EE 5-16 I = 25 to 158 m

Wabash river bridge, USA
Bridge of the US Road No. 136 near Covington (Indiana), executed 1977
Owner Indiana State Highway Commission
Engineer VSL Corporation, Los Gatos, California
Contractor Joint Venture Rogers Construction Co. /

Weddle Bros. Construction Co., Bloomington, In-
diana

Post-tensioning VSL Corporation, Los Gatos, California
Launching
Total length 285 m, Alignment: straight, level
Spans 28,50/4 x 57,00/28,50 m (auxiliary piers during construction)
Width 14,17 m (1 double-cell box girder)
Depth 2,50 m
Pier heights 6 to 11 m
Tendons cables 5-4 and 5-12
Launching equipment 2 3000 kN [300t]-jacks

Gaddvik bridge, Sweden
Highway bridge over the Lulealv River in Northern Sweden, execution 1977/78
Owner Statens Vagverk
Engineer ELU-Consult, Stockholm
Contractor ABV-Nya Asfalt AB, Stockholm
Post-tensioning Internordisk Spannarmering, Stockholm
Total length 614 m, Alignment: horizontal radius 7000 m, vertical radius 

60000 m, max. slope 1 °/o
Spans 37/12 x 45/37 m
Width 13,50 m (1 box girder)
Depth 2,45 m
Pier height 16 m
Tendons central cables EK/KK 5-7 I = 30 m

eccentric cables EE 5-12 I = 80 m
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Abstract—The launching nose plays an important role in the 

incremental launching construction. The parameters of the launching 
nose essentially affect the internal forces of the girder during the 
construction. The appropriate parameters can decrease the internal 
forces in the girder and save the material and reduce the cost. The 
simplified structural model, which is made with displacement method 
according to the characteristic of incremental launching construction 
and the variation rule of the internal forces, calculates and analyzes the 
effect of the length, the rigidity and weight of launch nose on the 
internal forces of girder during the incremental launching 
construction. The method, which can calculate the launching nose 
parameters for the optimum incremental launching construction, is 
achieved. This method is simple, reliable and easy for practical use. 
 

Keywords—incremental launching, launching nose, optimum 
analysis, displacement method 

I. EFFECT OF NOSE GIRDER IN INCREMENTAL LAUNCHING 
CONSTRUCTION OF BRIDGE 

N the development of incremental launching construction 
technology, various methods have been used to increase 

bridge span. Among them, nose girder is an important one [1]. 
When Dr. Leonhardt was designing Caroni Bridge in 1961, he 
used a steel nose girder of 17-meter in length in the front of 
concrete main beam for the first time. Its aim was to decrease 
the internal force in the front-end of concrete main beam during 
the incremental launching construction, by means of reducing 
the maximum jib length of concrete main beam. As a result, the 
use of nose girder took a good effect on the incremental 
launching construction of Caroni Bridge. Since then, nose 
girder has become a technical standard in the incremental 
launching construction of bridge [3]. During the construction, 
such parameters as the length, the rigidity of nose girder and its 
weight per unit length have great influence on the stressed main 
beam [4]. Through selecting the value of nose girder  
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parameters appropriately, the internal force of construction can 
be reduced, and then the material will be saved and the 
construction cost decreased. 

II. OPTIMUM ANALYSIS OF NOSE GIRDER IN INCREMENTAL 
LAUNCHING CONSTRUCTION OF BRIDGE 

A. Establishment of Simplified Calculation Model 
Ignoring support sedimentation and the influence of 

shrinkage and creep of concrete, the simplified model of the 
same-span continuous bridge can be made, shown as Fig. 1[6]. 

Supposing the length of nose girder is nl , the length of main 
beam per span is l , then their ratio is represented as a 
non-dimensional parameter α , that is lln /=α ; supposing the 
weight of nose girder per unit length is nq , the weight of 
concrete main beam per unit length is q , then a 
non-dimensional parameter β  is used to denote their ratio as 

qqn /=β ; supposing the rigidity of nose girder is nn IE , the 
rigidity of concrete main beam is EI , then a non-dimensional 
parameter γ  is used to denote their ratio as EIIE nn /=γ . 
Thus, the problem of optimum parameter of nose girder in 
incremental launching construction of bridge can be considered 
as how to determine the optimum combination of the three 
parameters. 

In the simplified model, supposing in some work conditions, 
for example 7.0=α , 1.0=β , 2.0=γ , the turn angle of all 
portion of the beam can be calculated when the main beam is in 
dead load, shown in Fig. 3. 

Under this work condition, changing the constraint condition 
of supporting point D, the corresponding internal force in all 
portion of the beam can be shown in Fig. 4. It is found that 
whether calculating based on the original simplified Figure, or 
regarding the constraint condition of supporting point D as 
equivalent to consolidation or simple support, the influence on 
the internal force of main beam and nose girder in the front of 
A—B span is very small. As seen from Fig. 3, in the simplified 
model, the turn angle of all portion of the beam at supporting 
point D is approximately 0. At the same time, in the simplified 
model of Fig. 4, when regarding the constraint condition of 
supporting point D as equivalent to consolidation, the stress of 
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main beam is basically as same as that of non-equivalent. 
Evidently, in the simplified model, regarding the constraint 
condition of supporting point D as equivalent to consolidation 
takes nearly no effect on the stress of main beam front-end. 
Thus, in the following optimum analysis of nose girder, the 
constraint condition of supporting point D is always regarded 
as equivalent to consolidation. 

n  l l l

beam nose gi r der

 
Fig. 1 The simplified analysis model of the nose girder 
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Fig. 2 The sketch of the simplified analysis model of the nose girder 
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Fig. 3 The turn angle of all portion of the beam in the simplified 

model 
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Fig. 4 The bending moment of all portion of the beam in the 

simplified model 
 

As found from the stress characteristics of main beam during 
the incremental launching construction, the influence of 
variable nose girder parameters on the stress of main beam is 
primarily restricted in the first span of main beam [7]. Based on 
this, the process can be analyzed as below: 

If making it as the work condition in which the front-end of 
concrete main beam is at supporting point B, the nose girder in 
the front of main beam gets its maximum jib length nl . 

With the advancement of the incremental launching process, 
the position of main beam often changes. Supposing the 
distance between the front-end of main beam and the 
supporting point B is x, when lx/=λ , then the bending moment 
at supporting point B can be represented as the function of λ 
and the parameters of main beam and nose girder α , β , γ : 

),,,( γβαλbM . Based on whether the front-end of nose girder 
can reach the front pier, the incremental launching process of 

A-B span can be divided into two stages: 
At the fist stage, the definition domain of ),,,(1 γβαλbM  is 

αλ −<≤ 10 . The simplified calculation diagram is shown as 
Fig. 5. 
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Fig. 5 The diagram of the first stage of incremental launching 

process 
 

At the stage, the front-end of nose girder does not reach the 
support of front pier, so it is in the state of cantilever. The 
expression of bending moment of main beam at supporting 
point B can be displayed as: 
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At the second stage, the definition domain of ),,,(1 γβαλbM  
is 11 <≤− λα . Here, the nose girder is supported by the front 
pier. When the front-end of nose girder will reach supporting 
point A, through auxiliary equipments such as the lifting jack 
which bear the nose girder up, the elastic deformation of the 
nose girder front-end will recover, and the bearing force against 
the main beam will decrease the bending moment of main beam 
at supporting point B. As a result, the value of bending moment 
at supporting point B will get discontinuity [8]. When the nose 
girder reaches the pier, the supporting point A is the constraint 
of the structure, and the calculation can be conducted according 
to the simplified calculation diagram shown in Fig. 6. 
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Fig. 6 The diagram of the second stage of incremental launching 

process 
 

According to the displacement method, the balanced 
equation of the each node of the structure is shown as follows: 
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It is know from the edge-restraint condition that  
0=Dθ                                (8) 

Solving the equations from (2) to (8) jointly, the bending 
moment of main beam 2bM  at the second stage of incremental 
launching process can be expressed as below: 
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In this equation, each coefficient can be expressed as below: 
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From (1) and (9), it is found that bM  is the direct proportion 

of 2ql , and it has functional relationship with the ratio of each 
parameter of nose girder and the corresponding parameters of 
concrete main beamα , β , γ . If a set of parameters {α , β , γ } 
are determined, the changing process of the bending moment at 
supporting point B can be made when x changes from 0 to l . 
Then the influence of each parameter on the bending moment 
of main beam at supporting point B can be discussed 
qualitatively in the incremental launching process. 

B. Calculation of Optimum βα ,  

Firstly, supposing 8.0=α ， β =0.1， γ  is given different 

values，when substituting them to  (1) and (9), the change of 
bending moment value bM  at supporting point B  can be 

obtained in the whole process of incremental launching 
construction, shown in Fig. 7. 
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Fig. 7 When  α =0.8, β =0.1, the bending moment of B point in 

the incremental launching process of the A—B span 
 

After the nose girder reaches the pier, the bending moment 
value at supporting point B will change according to the 
principle of multi-power function. For different values of γ , 
with the progress of incremental launching, the changing 
principle of bM  will be different; when the incremental 
launching at the stage is finished, bM  will get a certain value, 
then substituting 1=λ  to (9), the following equation can be 
obtained: 

               22
2 )106.0134.0()1( qlM b −== βαλ                    

(15) 
As seen from Fig. 7, the negative bending moment of main 

beam at supporting point B at the end of the first stage is 
smaller than that at the end of the second stage. It shows that the 
length of the nose girder is so long that the negative moment 
can only get its maximum value at the second stage of 
incremental launching process. Evidently, such a nose girder is 
not economical. 

Thus, the length of the nose girder should be reduced. 
Supposing  α =0.5， β =0.1， γ =0.1, and substituting them to 
(1) and (9), the changing process of negative bending moment 
of main beam at supporting point B in the whole incremental 
launching process can be obtained as shown in Fig. 8. 

As seen from Fig. 8, when the nose girder reaches the pier, 
the negative bending moment at supporting point B is much 
larger than that when the second stage is finished. It shows that 
the length of the nose girder is too short, resulting in the fact 
that the main beam jib is too long in the incremental launching 
process. Consequently, the negative bending moment value of 
main beam at supporting point B at the end of the first stage is 
much larger than that at the second stage. Giving this value to 
the length of nose girder, the maximum negative bending 
moment of main beam cannot be reduced effectively in the 
incremental launching process. So, the length of nose girder is 
not enough here. 
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Fig. 8 When  α =0.5, β =0.1, the bending moment of B point in 

the incremental launching process of the A—B span 
 

Based on the above analysis, it is found that the bending 
moment value of main beam at supporting point B is irrelevant 
to the rigidity of the nose girder at the end of the first and 
second stage. However, it is related to the ratio of nose girder 
length and bridge span, as well as the ratio of nose girder and 
main beam in terms of the weight per unit length. Through 
selecting the appropriate value of parameter α  and β , the 
bending moment value of the main beam in the two work 
conditions can be equal. Also, by selecting the appropriate 
value of nose girder rigidity, the maximum negative bending 
moment value of main beam at supporting point B can be equal 
to the negative bending moment value at the end of the first and 
second stage in the incremental launching process of A-B span. 
So, the optimum parameter of nose girder can be obtained when 
the maximum negative bending moment of main beam at 
supporting point B in the maximum jib length is equal to the 
negative bending moment at the end of second stage of 
incremental launching process. Then, αλ −= 1  which is the 
condition when the maximum jib length of main beam is 
achieved, can be substituted to (1) 
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                              )1()1( 21 ==−= λαλ bb MM            (17) 
From (15) and (16), it is found that in the two work 

conditions the bending moment value of main beam at 
supporting point B is related to the ratio of nose girder length 
and span called α , the ratio of the weight of nose girder and 
main beam per unit length called β , but irrelevant to the ratio 
of nose girder rigidity and main beam called γ . When solving  
(17), it is found: 

              
1732.0

1212.042318.12

−
−++−

=
β

βββ
αbest          (18) 

According to (18), a graph that describes relationship of the 
optimum nose girder length and the weight of nose girder per 
unit length in the incremental launching process can be made. 

As seen from Fig. 9, if (18) is meet, the value of β  should 
range from 0 to 0.18. That is to say, the weight of nose girder 
per unit length can not be higher than 0.18 times of the weight 
of main beam per unit length. To a given value of β , the 

corresponding optimum parameter of nose girder length α  can 
be calculated through (18). In Fig. 9, it is found if (17) is meet, 
with the increasing of β , the corresponding α  will also 
increase. Substituting  (18) to (16), (19) can be obtained. Based 
on the above, a graph that describes relationship between the 
maximum negative bending moment of main beam at 
supporting point B and the value of β  in the incremental 
launching process of A—B span can be shown in Fig. 12. 
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Fig. 9 The relationship between the optimized length and optimized 
density of the nose-deck in the incremental launching process 
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Fig. 10 The relation between the value of β  and the max bending 

moment of B point in the incremental launching process 
 

It is found in Fig. 12, when giving different value to β  in its 
range, the corresponding maximum negative bending moment 
value of main beam at supporting point B in the whole 
incremental launching process of span A-B is almost 
unchanged. That is to say, when α  and β  value meet (17), the 
corresponding maximum bending moment almost remains the 
same. But when giving β  a relatively larger value, the 
corresponding α value will increase. It requires the nose girder 
to be heavy and long. In this sense, the cost of construction and 
application of the nose girder will increase considerably, which 
is an improper way in construction. When giving β  a small 
value, the corresponding α  will decrease, which implies the 
nose girder will be light and short. But if the girder is very light, 
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restricted by the production materials, it is hard for the nose 
girder to carry adequate degree of rigidity. If the nose girder 
lacks rigidity, in the second stage of incremental launching 
process, the maximum negative bending moment value at 
supporting point B will be much larger than that at the end of 
the two incremental launching stages [10].  In practical 
construction, the value of β  generally ranges from 0.08 to 
0.12, and the corresponding α  value from 0.63 to 0.71. 

C. Calculation of Optimum γ  

In (18), if 1.0=β , the optimum length parameter of nose 
girder can be obtained as: 665.0)1.0( ==βαbest . When it is 
substituted to (1) and (9), selecting different values of γ , the 
changing process of negative bending moment of main beam at 
supporting point B can be made in the incremental launching 
process corresponded by different degrees of nose girder 
rigidity, under the condition of the optimum joint of nose girder 
length and its weight per unit length, as shown in Fig. 11: 
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Fig. 11 When α =0.665, β =0.1, the bending moment of B point 

in the incremental launching process of the A—B span 
 

It is found from the Fig. , under the condition of the optimum 
joint of parameters of nose girder length and its weight per unit 
length, if the degree of nose girder rigidity is too low, at the 
second stage of the incremental launching process, the 
maximum negative bending moment value of main beam at 
supporting point B will be larger than that at the end of first 
stage of the process. Therefore, the smallest rigidity value that 
the nose girder needs should be determined at present, so that 
the maximum negative bending moment value of main beam at 
supporting point B at the second stage of the incremental 
launching process will be equal to that at the first stage of 
process. 

Thus, in the condition that α , β are determined already, the 
optimized γ value can be obtained when the maximum 
negative bending moment value of main beam at supporting 
point B at the second stage of the incremental launching 
process is just equal to the negative bending moment value 
when the main beam has its longest jib, ( i.g. , when nllx −= ). 

                            )1((min) 12 αλ −== bb MM                 (20) 
When the determined α  and β value are substituted to (9), 

the negative bending moment value ),(2 γλbM  at supporting 

point B represented as γ  at the second stage of the incremental 
launching process can be obtained. Calculating the 
corresponding (min)2bM  when γ is given different values by 
using the displacement method, the optimum γ value can be 
obtained, in the condition that α  and β  are known. When 

665.0=α , 1.0=β , the optimum γ value is: 186.0=γ . 
In the incremental launching process of A—B span, the 

maximum positive bending moment occurs in the first span of 
concrete main beam. From the above (2) to (8), the maximum 
positive bending moment ( )maxabM  can be calculated in the 
incremental launching process as shown below: 

                 2
321 )((max) qlDDDM ab ++=                 (21) 

Among it: 
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Expressions of 1C , 2C , 3C , 4C , 5C  are shown in (10) to (14). 

When α =0.665， β =0.1 are substituted to (21), giving 
different values to γ , the changing process of the maximum 
positive bending moment of the first span in the incremental 
launching process of A-B span can be made, shown as Fig. 12. 

It is found from the calculation result that different γ  value 
has influence on ( )maxabM  in the incremental launching 
process, but takes no effect on ( )maxabM when the process of 
A-B span ends. The maximum value of ( )maxabM is obtained 
at the end of second stage of the incremental launching process. 
That is to say, γ has no influence on the maximum positive 
bending moment value of the first span in the incremental 
launching process, while α  and β  have only a little influence 
on the maximum value of ( )maxabM  in the incremental 
launching process of A-B span. Thus, the parameter value of 
nose girder cannot determine the maximum positive bending 
moment value, and the maximum positive bending moment 
value of the first span in the incremental launching process is 
primarily decided by the dimension of concrete main beam. 
Thus, in the optimum analysis of nose girder, the maximum 
positive bending moment is not decisive in selecting each 
parameter value. Rather, the optimum result of nose girder 
analysis is determined by the maximum negative bending 
moment at supporting point B in the incremental launching 
process.  
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Fig. 12 When α =0.665, β =0.1, the bending moment of the first 
span in the incremental launching process of the A—B span 

III. CONCLUSION 
1) In the study, the calculation method of the optimum nose 

girder parameter value in the continuous incremental 
launching construction of bridge is achieved, through the 
calculation and analysis of the length, the rigidity and the 
weight per unit length of nose girder, as well as their effect 
on the internal forces of main beam during the incremental 
launching construction. This method is simple, reliable and 
easy for practical use. 

2) When β =0.1, the corresponding optimum α =0.665,   
γ =0.186. 

3) In the optimum analysis of nose girder, the maximum 
positive bending moment of the fist span is not decisive in 
selecting each parameter value of nose girder. Rather, the 
optimum result of nose girder analysis is determined by the 
maximum negative bending moment at supporting point B 
in the incremental launching process. 
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