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PRÓLOGO 

Las tuberías críticas de los sistemas de potencia en una planta de 

generación eléctrica son aquellas que operan por encima de los 500ºF 

(260ºC). Estas incluyen las tuberías de vapor principal desde la descarga de 

los calderos hasta el ingreso a las turbinas. La metodología de evaluación de 

la condición operativa que se establece en este informe podrá aplicarse para 

los componentes de las tuberías de vapor principal (tuberías, soportes y 

restricciones). 

En una central termoeléctrica con más de 40 años de operación es 

importante la aplicación de esta metodología para evaluar la condición 

operativa y vida remanente de las tuberías de alta potencia como factores 

determinantes de un programa de extensión de vida de la planta. Estas 

tuberías críticas pueden dañarse o degradarse, incluso durante condiciones 

normales de operación de la planta, resultando en pérdida de potencia, 

costosas reparaciones y vida de servicio reducida. Algunas de las causas de 

daños en la tubería o degradación incluyen creep, fatiga, soportes dañados, 

inadecuada selección o ubicación de soportes, operación del sistema cerca 

de la temperatura de diseño o inadecuado diseño para las condiciones de 

operación requeridas. 
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Para realizar esta evaluación de la condición se establece una metodología: 

que consta de un programa sistemático de inspección y evaluación para 

establecer la condición de las tuberías y los soportes de una planta de 

generación eléctrica que emplea combustible fósil. 

Esta metodología consiste en: 1) Revisión de la información técnica 

requerida para la evaluación; 2) Inspección de las líneas de vapor principal; 

3) Etapa de evaluación; 4) Selección de los puntos de inspección y métodos

de examinación; y 5) Evaluación por disponibilidad para el servicio según 

API RP 579. 

El presente informe consta de 5 capítulos los cuales son los siguientes: 

En el primer capítulo se desarrolla la introducción en la cual se detalla cuál 

es el objetivo del informe, alcances, limitaciones y la importancia que tiene 

este tema para ser desarrollado. 

En el segundo capítulo se desarrolla la descripción de la planta en donde se 

detalla todas las características de la misma. 

En el tercer capítulo se desarrolla el marco teórico, sobre el cual se 

fundamenta el funcionamiento de una central térmica a vapor, se explican 

las normas ASME 831.1 y API RP 579. Finalmente, se concluye con una 

exposición de los ensayos no destructivos (NDE) recomendados para 

realizar este trabajo. 

En el cuarto capítulo se desarrolla la metodología de evaluación la cual 

empieza con la revisión de información requerida para la evaluación, 

inspección requerida para el sistema de vapor principal, análisis de 



3 

esfuerzos en las tuberías de vapor principal según ASME 831.1, ensayos no 

destructivos requeridos, evaluación por disponibilidad para el servicio según 

API RP 579 y la elaboración del reporte final. 

En el quinto capítulo se desarrolla una valorización de la inversión que 

requiere la aplicación de esta metodología de evaluación y su impacto sobre 

el gasto que representaría la parada repentina de la planta debido a una falla 

en la tubería del sistema de vapor principal. 

La evaluación por disponibilidad para el servicio es realizada para 

asegurarse que los equipos de las plantas de proceso, tales como 

recipientes a presión, tuberías, y tanques puedan operan de forma segura y 

confiable por un período futuro deseado. La Práctica Recomendada API 579 

describe un procedimiento general para la evaluación por disponibilidad para 

el servicio. El procedimiento evalúa el esfuerzo remanente del equipo en su 

actual condición, debido a que este esfuerzo puede ser menor que su 

condición original. 

Los mecanismos comunes de degradación incluyen corrosión, pitting, 

fragilización, fatiga, fluencia a alta temperatura y distorsión mecánica. Los 

métodos para evaluar el esfuerzo y la vida remanente de servicio de los 

equipos que tienen estos tipos de degradación están presentados y 

revisados. 



CAPITULO 1 

INTRODUCCIÓN 

1.1 OBJETIVO 

El objetivo del presente informe de suficiencia es establecer una 

metodología de evaluación de la condición operativa de las tuberías de 

vapor principal en la Central Termoeléctrica llo 1, debido a que tiene 

48 años de servicio y se requiere que pueda seguir operando 20 años 

más, para ello se evaluará su condición actual. 

Las tuberías del sistema de potencia sirven para transportar el vapor 

que produce er caldero, considerado como el corazón de la planta, 

debido a que en este equipo es donde todos los sistemas confluyen 

para producir el vapor que impulsa la turbina y permite producir 

energía. La falla o inadecuado funcionamiento de alguno de estos 

sistemas podrá impactar el funcionamiento del caldero y se reflejará en 

los costos de operación, costos de mantenimiento, la disponibilidad y 

la capacidad de la planta. 

Debido a ello es importante conocer la condición de las tuberías de 

vapor principal y sus soportes ya que son indicativos de la operación y 

el mantenimiento de la planta. La presencia de soportes rotos, tubería 
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fuera de su posición normal de funcionamiento o aislamiento dañado, 

puede indicar que un evento imprevisto pudo haber ocurrido. El cual 

pudo adicionar cargas inesperadas para las cuales el sistema de 

tuberías no fue diseñado. 

1.2 ALCANCE 

Este trabajo se enfocará a realizar una metodología para evaluar la 

condición del sistema de vapor principal de la Central Termoeléctrica 

llo 1. Las siguientes tuberías de vapor principal están incluidas: 

• Descarga del Caldero Nº 1 hacia el cabezal de vapor

• Descarga del Caldero Nº2 hacia el cabezal de vapor

• Descarga del Caldero Nº3 hacia el cabezal de vapor

• Descarga del Caldero Nº4 hacia el cabezal de vapor

• Ingreso de vapor de los calderos de recuperación al cabezal de 

vapor.

• Cabezal de vapor

• Cabezal de vapor hacia la Turbina Nº 1

• Cabezal de vapor hacia la Turbina Nº2

• Cabezal de vapor hacia la Turbina Nº3

• Cabezal de vapor hacia la Turbina Nº4

1.3 LIMITACIONES 

Este informe abarcará solo la elaboración del procedimiento requerido 

para realizar esta evaluación, debido a que esta metodología requiere 
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la decisión de la gerencia de una planta termoeléctrica para ser 

aplicada. 

1.4 IMPORTANCIA DEL TEMA 

Este tema es importante ya que se propone una metodología para 

realizar la evaluación de la condición de las tuberías de vapor de una 

central termoeléctrica con más de 40 años de operación continua, es 

por ello que este informe puede sentar las bases para el desarrollo de 

este tema en nuestro país. 

Por muchos años, los programas de mantenimiento en las centrales 

eléctricas han sido orientados a componentes con una expectativa de 

vida finita donde la degradación y la falla están asociadas con la fatiga 

y la fluencia. Componentes tales como los cabezales de transporte de 

vapor, tuberí"as de vapor principal y sobrecalentado, y turbinas a vapor 

están sujetos a una falla eventual del material debido a que operan a 

altas temperaturas y esfuerzos. Como una norma general, los calderos 

industriales así como sus redes de tuberías de vapor típicamente 

operan a temperaturas y presiones mucho más bajas. Como resultado, 

la vida de estos equipos no está definida necesariamente por la vida 

finita del material. De hecho hay varios ejemplos de calderos y tuberías 

de vapor muy antiguos (más de 50 años de operación) que todavía se 

encuentran operando y muchas veces son retirados por otras razones 

que no son confiabilidad ni seguridad. 
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Hoy la necesidad de establecer un programa para evaluar la condición 

de tuberías de vapor en plantas industriales está empezando a ser 

importante debido a que se buscan la reducción de los costos de 

operación y la optimización de la producción de la capacidad instalada. 

Es por ello que partir de 1980 se han incrementado los programas para 

extensión de la vida útil de las plantas termoeléctricas. Con este 

método para la evaluación de la condición se podrá determinar la vida 

útil remanente de las tuberías de vapor. 

Esta evaluación es un importante elemento para un programa de 

extensión de la vida útil de una planta termoeléctrica. 



CAPITULO 2 

DESCRIPCIÓN DE LA PLANTA 

2.1 UBICACIÓN 

La Central Termoeléctrica llo 1 se encuentra situada a 18 km al norte 

del puerto de llo, dentro del área de la Fundición de Southern Perú 

Copper Corporation (SPCC). 
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El sistema de generación a vapor de la planta cuenta con 04 calderos 

acuotubulares, una tubería de descarga de vapor de los calderos de 

recuperación y 04 turbinas a vapor, los cuales tienen las siguientes 

características: 
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Equipo 
Años de 

Fabricante 
Nominal Efectivo 

operación Klb/h Klb/h 

Caldero N
º

1 48 B&W 215 205 

Caldero N
º

2 48 B&W 215 205 

Caldero N
º

3 36 C-E 300 280 

Caldero N
º

4 12 ABB 400 380 

WHB 240 240 

Total: 1370 1310 

Generadores 
Años de 

Fabricante 
Nominal Efectivo 

operación MW MW 

Turbina - Generador N
º 

1 48 BBC 22 22 

Turbina - Generador N
º

2 48 BBC 22 22 

Turbina - Generador N
º

3 28 GE 66 66 

Turbina - Generador N
º

4 32 GE 66 66 

Total Vapor 176 135* 

·Máxima generación debido a la capacidad de los calderos (1310/9.7=135) 

Tabla Nº2.1 

2.3 BREVE DESCRIPCIÓN DEL FUNCIONAMIENTO DE LA 

PLANTA 

El principio de funcionamiento de la Central Térmica se basa en el 

intercambio de energía calórica en energía mecánica y luego en 

energía eléctrica. 

Las tuberías de vapor principal transporta vapor a alta presión el cual 

es generado en caldera que produce vapor a presión, este vapor se 

aplica sobre los álabes de la turbina que convierte energía potencial 

(presión) en energía cinética que acciona al generador. 

La energía potencial contenida en el combustible que emplea el caldero 

es denominada poder calorífico y se mide en BTU (British Thermal 

Units) por libra de peso. Estos valores se expresan comúnmente como 

BTU/lb. En el sistema métrico decimal se expresa en Calorías o 
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Kilo-Calorias/Kilogramo de peso: Kcal/Kg. La tabla que sigue muestra 

los valores típicos del poder calorífico contenido de los combustibles 

empleados: 

Combustible Gas Natural Petróleo Diesel N°2 Petróleo Residual Nº6 
Carbón 

Antracita 

Poder Calorífico BTU/lb 21 830 18 993 18 126 12.680 

Eauivalencia 1000 BTU/oie
3 

137 000 BTU/aal 153 000 BTU/qal --

Tabla Nº2.2 

Conociendo como se mide la energía tanto en el combustible como en 

el vapor y en el agua, se analizará un arreglo simplificado del ciclo de 

vapor en la planta de generación y también como cambia la energía 

conforme el agua y el vapor circulan a través de sus componentes. 

Como ejemplo se empezará con 100,000 libras por hora de agua de 

alimentación entrando al tambor superior del caldero. La presión del 

agua es de 1000 psia y su temperatura de 360º F. Se debe tener en 

cuenta que la presión en el tambor superior es de 890 psia, por lo que 

la presión del agua debe ser necesariamente mayor para poder 

ingresar. Al absorber calor de los gases de combustión, el agua circula 

desde el tambor superior al tambor inferior por los tubos más alejados 

del calor de los quemadores y regresa al tambor superior por los tubos 

más cercanos llevando burbujas de vapor que suben a la superficie 

llenando la mitad superior del tambor con vapor saturado. 
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El vapor saturado sale del tambor superior a razón de 100,000 

libras/hora e ingresa a los serpentines del sobrecalentador de donde 

sale a 875 psia y 900
ºF de temperatura. Cabe señalar que la presión 

disminuye en 15 psia, desde 890 psia hasta 875 psia, al pasar por los 

tubos del sobrecalentador. El vapor sobrecalentado, conducido por 

tuberías, llega a la Turbina pasando primero por las válvulas de control 

de velocidad. En la Turbina, el vapor fluye alternadamente a través de 

toberas estacionarias y una rueda de paletas, ambas constituyen una 

etapa. Conforme el vapor fluye en sucesión por toberas y paletas, va 

entregando energía a la turbina y tanto su presión como su temperatura 

van disminuyendo progresivamente. La turbina convierte la energía 

térmica del vapor en trabajo mecánico de rotación a 3,600 rpm que se 

transmite al generador para producir 10,000 kW de energía eléctrica. 

En algunos puntos de su recorrido dentro de la turbina, hay conexiones 

que permiten "extraer" parte del vapor para calentar el agua de 

alimentación que retorna hacia el o los calderos. 

El vapor de las extracciones fluye hacia los calentadores, donde cede 

su calor al agua que circula dentro de los tubos, y se condensa. El 

condensado del calentador de alta presión pasa por una trampa y se 

descarga en el calentador de baja presión. La trampa es como una 

válvula automática que permite pasar agua pero no permite pasar 

vapor. 
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El condensado recibe el vapor de escape de la turbina, lo condensa y 

lo colecta en el "pozo de condensado" o "Hotwell" junto con todo el 

condensado de los calentadores de agua. De esta manera, las 100,000 

libras de vapor a 900ºF que entraron a la turbina terminan como 

100,000 libras de agua a 79º F en el pozo del condensador. De allí, las 

bombas de condensado y las bombas de alimentación impulsarán el 

condensado a través de los calentadores donde se calienta hasta 

360º F y retorna nuevamente al caldero para iniciar un nuevo ciclo. 

2.3.1 El Ciclo de Condensado en las Unidades Brown Boveri 

2. 3. 1. 1 Bombas de Condensado 

Hay dos bombas verticales que reciben condensado del pozo 

Hotwell del condensador. Cada bomba tiene su propia línea de 

succión desde el Hotwell y capacidad para bombear 440 galones 

por minuto (gpm) a una presión de 300 psig. En operación normal, 

una bomba trabaja y la otra permanece en reserva o "stand-by". 

Ambas se arrancan manualmente desde la sala de control. La 

bomba en stand-by arranca mediante un switch accionado por 

baja presión de condensado en la línea de descarga de las 

bombas. La temperatura promedio del condensado es de 90
º F y 

en su recorrido desde la descarga de las bombas del pozo Hotwell 

hasta el domo del caldero, empezará a recoger calor del ciclo a 
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través de los enfriadores de hidrógeno y los intercambiadores de 

calor. 

2. 3. 1. 2 Enfriadores de Hidrogeno 

En la C. T. ILO 1, todos los generadores eléctricos son enfriados 

por hidrógeno el cual circula por su interior impulsado por dos 

ventiladores acoplados al eje mismo del generador. El hidrógeno 

a su vez es enfriado por el condensado que viene directamente de 

la descarga de las bombas Hotwell a una temperatura promedio 

de 91 ºF. Con este fin, los generadores tienen en su interior 

enfriadores tubulares en los cuales se transfiere calor del 

hidrógeno que circula por el exterior de los tubos, hacia el 

condensado que circula por el interior. De aquí el condensado 

continuará su recorrido dirigiéndose hacia los enfriadores de 

aceite. 

2.3.1.3 Enfriadores de Aceite 

Todo el aceite que utiliza la turbina pasa por enfriadores que son 

intercambiadores de calor del tipo de cascos y tubos, en los 

cuales también se utiliza el condensado como medio refrigerante. 

El condensado fluye por el interior de los tubos mientras que el 

aceite circula por el exterior. Cumplida su misión, el condensado 

continúa su recorrido, esta vez a través de los eyectores de aire. 
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2. 3. 1.4 Eyectores de Chorro a Vapor 

Los eyectores son mecanismos diseñados para succionar aire y 

gases no condensables del interior del condensador principal. 

Utilizan vapor vivo, cuya presión se reduce desde 850 psig, 

mediante una válvula tipo aguja regulada por el operador, hasta 

350 psig que es la presión normal de operación del eyector. El 

principio de funcionamiento de los eyectores se basa 

precisamente en convertir la presión del vapor en un chorro o "jet" 

de alta velocidad que a su paso por toberas especiales genera el 

efecto de succión o vacío necesario para evacuar aire y gases del 

condensador. 

Aquí también el condensado del ciclo servirá como refrigerante 

para condensar el vapor que ya ha cumplido su función en los 

eyectores. Para este fin, el sistema de eyectores cuenta con 

cámaras de condensación en las cuales se consigue dos 

objetivos: 

El vapor que ya ha trabajado se enfría y es recuperado como 

agua que se devuelve al sistema en el condensador. 

El condensado principal actuando como refrigerante, absorbe 

calor lo cual mejora la eficiencia térmica del ciclo. 
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2. 3. 1. 5 Calentadores de Baja Presión 

El condensado que sale de los eyectores, pasa primero por el 

calentador N º

1 y luego por el calentador N
º

2 de baja presión. 

Estos calentadores son también intercambiadores de calor de 

casco y tubos de 4 pasos en forma de U: El condensado fluye por 

el interior de los tubos y por el exterior vapor que se "extrae" de la 

turbina a través de conexiones en el extremo de baja presión. Por 

eso decimos que el calentador Nº

1 recibe vapor de la extracción 4 

y el calentador N
º

2 recibe vapor de la extracción 3. 

Mientras que el vapor se enfría y se convierte en agua que retorna 

al condensador, el condensado recibe calor del ciclo y aumenta su 

temperatura cada vez más. 

En las líneas de vapor de extracción hacia los calentadores, hay 

dos clases de válvulas: 

a) De bloqueo, que sirven para aislar el calentador en caso

sea necesario sacarlo de servicio.

b) De no retorno, que impiden el flujo invertido de agua y/o

vapor hacia la Turbina.

En la línea de condensado también hay válvulas de bloqueo a la 

entrada y salida. También una válvula de by-pass para sacar de 

servicio el calentador. 
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Se debe tener en cuenta que los calentadores de baja presión 

tienen líneas de "vent" por las cuales se descarga aire y gases no 

condensables de la cámara del calentador directamente al 

condensador. Esto es muy importante porque el aire y los gases 

pueden aislar las superficies de transferencia de calor y disminuir 

la eficiencia del ciclo. 

En cada calentador el vapor de extracción se enfría y se convierte 

en agua condensada. En el caso del calentador Nº2, que tiene 

más presión, el agua condensada fluye en cascada hacia el 

calentador Nº 1, si este calentador estuviera fuera de servicio, hay 

un by-pass que permite descargar este condensado directamente 

al condensador principal. 

El calentador Nº 1 recibe, por un lado, vapor de extracción que se 

enfría · y condensa, por otro lado el agua condensada del 

calentador Nº2. Todo este condensado es descargado 

directamente al condensador principal. 

2. 3. 1. 6 Evaporador 

Es un pequeño aparato "destilador" diseñado para producir agua 

de alto grado de pureza la cual es necesaria para reponer las 

pérdidas de líquido que inevitablemente se presentan como en 

todo proceso. 
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El evaporador es también un intercambiador de calor de casco y 

tubos: Recibe agua de baja calidad que fluye por el exterior de los 

tubos y, como fuente de calor, vapor de la extracción N º2 de la 

turbina que circula por el interior de los tubos. El agua recibirá 

calor y aumenta su temperatura hasta el punto de ebullición. Al 

hervir el agua se producirá vapor puro mientras que las impurezas 

quedan dentro del evaporador junto con la parte líquida que no ha 

evaporado. 

El vapor de extracción que se usa como fuente de calor se enfría 

y condensa, luego es drenado continuamente a través de una 

trampa hacia el calentador N º2. 

El vapor puro que se obtiene como producto de la evaporación del 

agua, pasa a un condensador denominado "condensador del 

evaporador". 

2. 3. 1. 7 Condensador del Evaporador 

El condensado principal que sale del calentador de baja presión 

N º2, ingresa ahora como refrigerante por el interior de los tubos 

del condensador del evaporador. Por el exterior de los tubos fluye 

el vapor producido en el evaporador, el cual cede su calor al 

condensado principal y se enfría convirtiéndose en el agua líquida 

de gran pureza, que se requiere para reponer las pérdidas del 

ciclo. Este nuevo condensado recién obtenido pasa por diferencia 



18 

de presión al calentador N
º

2 y si este no estuviera en servicio, 

pasa directamente al calentador N º 1 o al condensador principal. 

2. 3. 1. 8 Calentadores de Alta Presión 

El condensado principal sale del condensador del evaporador e 

ingresa en serie a los calentadores N º3 y N º4 de alta presión. 

Estos calentadores reciben esta denominación porque el vapor 

que reciben proviene de las extracciones de mayor presión de la 

Turbina. En estos calentadores se repite el mismo proceso que se 

ha definido para los calentadores de baja presión, solo que las 

condiciones de presión y temperatura son más altas. 

El agua condensada del calentador N º4 fluye por diferencia de 

presión hacia el N
º

3 y si este no estuviera en servicio, al 

calentador N º2 o directamente al condensador. 

El agua condensada del calentador N º3 fluye por diferencia de 

presión hacia el N º2 o hacia el N º 1 o directamente hacia el 

condensador. 

Los "vents" de estos calentadores descargan libremente a la 

atmósfera. 

El condensado principal también tiene válvulas a la entrada y 

salida de cada calentador y en cada caso un by-pass que permite 
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mantener el flujo de condensado aún cuando cualquiera de los 

calentadores estuviera fuera de servicio. 

Al salir del último calentador, el condensado principal que tenía 

91 ºF de temperatura al comienzo del ciclo, habrá adquirido el 

máximo de temperatura, unos 360ºF, y será succionado por las 

bombas de alimentación. A partir de este punto, ya no se hablará 

de condensado sino únicamente de agua de alimentación. 

2. 3. 1. 9 Bombas de Agua de Alimentación 

El condensado que sale del calentador N º4 de alta presión, fluye 

directamente a la línea de succión de las bombas de alimentación. 

Hay en este sistema tres bombas idénticas: 

• La bomba N º 1 dedicada exclusivamente al ciclo de la Turbina

N
º

1

• La bomba N º2 dedicada exclusivamente al ciclo de la Turbina

N
º

2

• La bomba N º3 instalada de tal modo que puede reemplazar a

una cualquiera de las anteriores, requiriendo naturalmente

direccional las válvulas de bloqueo tanto en la succión como

en la descarga.

Cada bomba tiene seis etapas, capacidad de 500 gpm a 1200 

psig. Tienen una válvula automática de recirculación con el fin de 
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mantener un flujo mínimo de agua a través de la bomba para 

condiciones de baja demanda o baja "carga" en el grupo. 

Asimismo hay una conexión que permite un pequeño flujo de 

agua caliente a través de la bomba que se encuentre de reserva o 

en "stand-by" con el fin de mantener sus componentes a una 

temperatura adecuada que le permita arrancar en cualquier 

momento. 

2.3.1.10 Válvula de Distribución 

Es uno de los componentes más importantes del circuito de 

control. Como se sabe la demanda de energía eléctrica es una 

variable que no se puede controlar porque depende únicamente 

de los usuarios de la red. La turbina por otro lado debe responder 

a las variaciones de la demanda mediante la modulación de sus 

válvulas de admisión que abren o cierran para admitir más o 

menos vapor en producción a la demanda eléctrica. 

De aquí resulta la importancia de la válvula de distribución para 

controlar la cantidad de agua que impulsan las bombas de 

alimentación y mantener el balance de fluidos en el ciclo. Es decir, 

si en un momento dado la turbina recibe un flujo de vapor de 

200,000 libras/hora, la válvula de distribución abrirá lo suficiente 

para descargar agua de alimentación a un régimen de 
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200,000 libras/hora del ciclo. Si luego aumenta o disminuye el 

flujo de vapor a la turbina, la válvula de distribución abrirá o 

cerrará para mantener siempre la relación agua-vapor constante. 

Para que esta válvula pueda operar correctamente debe recibir 

señales de control equivalentes tanto al flujo de vapor entrando a 

la turbina como del agua de alimentación que sale por las 

bombas. Existe sin embargo un tercer elemento de control que es 

tanto o más importante: es la presión en el cabezal de distribución 

al cual están conectadas todas las bombas que hay en la planta y 

desde el cual se distribuye agua de alimentación a todos los 

calderos. Cada válvula de distribución en su respectivo ciclo, debe 

mantener la presión de agua de alimentación lo más estable 

posible a 1200 psig a fin de asegurar una buena alimentación a 

todos los calderos. 

2. 3. 1. 11 Caldero

El agua de alimentación fluye del cabezal de distribución a 360
ºF 

de temperatura y 1200 psig hacia la válvula de control de cada 

caldero y de allí al tambor o "domo" superior de donde se 

distribuye por todos los tubos de generación. Allí en los tubos es 

donde el agua recibe el calor de la combustión del petróleo y sube 

su temperatura hasta el punto de saturación correspondiente a la 
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presión y se transforma en vapor saturado que se acumula en la 

mitad superior del domo. 

El vapor saturado sale del domo superior hacia los serpentines de 

sobrecalentamiento dentro del mismo caldero. Allí recibe aún más 

calor de los gases de combustión hasta alcanzar la temperatura 

final con que sale hacia las Turbinas. 

Los controles más importantes en la operación de cada caldero 

son los siguientes: 

1. El control de nivel de agua en el domo superior: El domo

superior es un cilindro de acero de 60 pulgadas de diámetro y

30 pies de largo. Es condición indispensable de operación que

el nivel de agua se mantenga siempre a la mitad. Esta es la

función primordial de la válvula de control de nivel, que como

la válvula de distribución, tiene también un sistema de tres

elementos: El flujo de vapor que sale del caldero debe ser

igual al flujo de agua que ingresa a fin de mantener el balance

de fluidos. El tercer elemento, el más importante, viene a ser el

nivel propiamente dicho.

2. El control de temperatura del vapor sobrecalentado a 900º F:

Esto se realiza mediante una válvula de control y un

atemperador, mediante los cuales se inyecta agua de la línea
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de alimentación finamente pulverizada, sobre el vapor 

sobrecalentado. 

3. El control de presión de vapor: Este es un control más

complejo por cuanto implica el control de todos los calderos en

respuesta a las variaciones de la demanda eléctrica de la red.

Hay un control principal o "Master" que recibe información de

estas variaciones y envía señales a cada caldero para que su

sistema de control aumente o disminuya el régimen de fuego a

fin de aumentar o disminuir el régimen de generación de vapor

de tal modo que la presión general del vapor en el cabezal

principal que alimenta a las turbinas se mantenga estable bajo

cualquier condición de la demanda, esta presión es 860 psig.

4. El · control de combustión: Al recibir la señal del Master

principal debe ajustar el flujo de aire y petróleo hacia los

quemadores del caldero a fin de asegurar una respuesta

inmediata y segura en cuanto al régimen de generación de

vapor.

2. 3. 1. 12 Turbina

Las turbinas Brown Boveri tienen una capacidad máxima de 

generación de 22,000 kW. Son turbinas de condensación del tipo 

horizontal, de un solo cilindro, y 4 extracciones de vapor no 



24 

controladas. El vapor sobrecalentado de los calderos, ingresa a 

través de dos válvulas principales de parada de emergencia o 

válvulas STOP que constituyen la principal barrera de protección 

de la turbina. Cualquier condición de riesgo para la máquina, 

origina el cierre instantáneo de estas válvulas. 

Luego el vapor pasa a las válvulas de admisión o válvulas de 

control que abren en forma secuencial y regulan e ingreso de 

vapor a fin de mantener constante la velocidad de rotación de la 

máquina en 3,600 RPM. Inmediatamente después de las válvulas 

de admisión, el vapor llega a la placa de toberas que dirige el flujo 

de vapor en el ángulo adecuado sobre la primera rueda de 

impulsión de la máquina. A continuación el vapor fluirá hacia las 

ruedas de paletas llamadas de reacción y distribuidas a lo largo 

de todó el cilindro hasta llegar finalmente al escape de donde 

fluye al condensador principal que se encuentra directamente 

debajo de la turbina y anclado al piso. 

2.3.1.13 Condensador 

Es también un intercambiador de calor que recibe todo el vapor de 

escape de la turbina, lo condensa, lo libera de aire y gases no 

condensables y lo acumula en el pozo o Hotwell de donde lo 

succionarán las bombas de condensado para iniciar nuevamente 

el ciclo. El fluido refrigerante para la condensación del vapor es el 
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agua de mar que circula por un haz de tubos distribuidos en dos 

pases secuenciales. 

Sus principales funciones son las siguientes: 

• Disminuir la presión en el escape de la turbina para

incrementar la eficiencia térmica.

• Condensar el vapor para retornarlo al caldero por el sistema

de alimentación.

• Remover el exceso de oxigeno del condensado.

2.3.2 El Ciclo de Condensado en las unidades General 

Electric 

El ciclo de condensado de las unidades G.E. es similar al de las 

Brown Boveri, con algunas diferencias que se derivan de la mayor 

capacidad de las turbinas, los principales equipos son los 

siguientes: 

2.3.2.1 Extracciones de Vapor y Calentadores de Agua de 

Alimentación 

El ciclo G.E. tiene 5 extracciones: dos de baja presión para los 

calentadores 1 y 2, una extracción de presión intermedia para el 

desaereador y dos extracciones de alta presión para los 

calentadores 4 y 5. 
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2. 3. 2. 2 Drenaje de Condensado de los Calentadores de Alta 

Presión 

El control de nivel del calentador 5 tiene dos válvulas que operan 

en secuencia: una descarga el condensado hacia el calentador y 

cuando esta no se abastece para mantener el nivel, la otra abre 

para descargar condensado directamente al condensador. 

Igualmente el control de nivel del calentador 4 tiene dos válvulas 

que operan en secuencia: una descarga condensado al 

desaereador y la otra hacia el calentador de baja presión N º

2.

En condiciones normales de operación, el condensado producto 

de las extracciones de alta presión irá al desaereador y de allí a 

través de las bombas de alimentación hacia los calderos. De esta 

manera se mejora la eficiencia térmica del ciclo porque se 

aprovecha todo el calor contenido en los drenajes de condensado 

de alta. 

2.3.2.3 Drenaje de Condensado de los Calentadores de Baja 

Presión 

El control de nivel del calentador 2 descarga el condensado a 

través de dos válvulas: una hacia el calentador 1 y la otra 

directamente al condensador. 

El calentador 1 tiene un tanque que recibe todos los drenajes de 

condensado provenientes de las extracciones de baja presión y 



27 

eventualmente de las extracciones de alta. Este tanque recibe el 

nombre de tanque de drenaje y cuenta con una bomba centrífuga 

llamada también bomba de drenaje que succiona el condensado y 

lo descarga a través de una válvula de control de nivel hacia la 

línea principal de condensado que va al desaereador. 

De esta manera se obtiene una mejor eficiencia térmica del ciclo 

ya que se recupera todo el calor que contienen los drenajes de los 

calentadores. Cabe indicar que en las unidades Brown Boveri, 

este condensado se descarga al condensador donde se pierde 

calor. Solamente si la bomba de drenaje no estuviera en 

condiciones de operar, hay otra válvula que permite dirigir el 

condensado hacia el condensador principal. 

2. 3. 2. 4 Enfriadores de Hidrogeno y Enfriadores de Aceite

A diferencia de las unidades Brown Boveri, los enfriadores de 

hidrógeno del generador y de aceite de la turbina no utilizan 

condensado sino agua tratada con bicromato de potasio como 

inhibidor de corrosión del circuito de enfriamiento general de 

equipos (bearing cooling water). 

2. 3. 2. 5 Bombas de Condensado 

La única diferencia es que estas tiener. sellos mecánicos en vez 

de empaquetaduras en el eje, por lo tanto necesitan un suministro 
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continuo de agua limpia (condensado) para enfriamiento de estos 

sellos. 

2. 3. 2. 6 Desaereador 

Sirve para eliminar el aire y los gases corrosivos del agua de 

alimentación y, al mismo tiempo, para precalentar el agua antes 

de enviarla al caldero. Eliminando los gases corrosivos, 

principalmente el oxigeno y el C02, se protege el caldero y sus 

equipos auxiliares contra la corrosión. Además cumple las 

siguientes funciones: 

1. Mantiene una reserva de agua caliente y desaireada para

casos de cambios súbitos en la demanda de vapor. La

cantidad de agua que se alimenta al caldero, es igual a la

cantidad de vapor que se produce, por tanto, la reserva de

agua es proporcional a la capacidad del caldero. Un criterio

recomendable para determinar la reserva de agua y la

capacidad del tanque es: Almacenar una cantidad suficiente

para sostener la evaporación del caldero durante 20 minutos.

2. Eliminando el aire, el vapor mantiene su temperatura y la

máxima eficiencia en la transferencia de calor hacia los

procesos industriales en los cuales se utiliza.
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3. Se reduce el costo de aditivos químicos necesarios para

neutralizar el oxígeno y C02 del agua de alimentación. Los

aditivos químicos, por otro lado, aumentan el contenido de

sólidos disueltos que contiene el agua, los cuales se eliminan

mediante "la purga". Reduciendo la adición de químicos, se

reduce la cantidad y frecuencia de la purga del caldero, la cual

siempre será un mal necesario, porque ayuda a controlar los

sólidos incrustantes pero significa también pérdidas de agua,

de calor y de aditivos.

4. Proporciona un lugar adecuado donde retornar el condensado

de los diferentes sistemas o procesos que utilizan vapor

generalmente a diferentes niveles de presión.

5. Reduce la corrosión y costos de mantenimiento, reparación o

limpieza en tuberías, válvulas, bombas, trampas de vapor, etc.

6. Permite recuperar calor que normalmente se pierde, de los

tanques de evaporación "flash", escape de turbinas auxiliares,

vents, trampas, etc., ayudando a calentar del agua de

alimentación con este calor. Es importante notar que un

desaereador ahorra 1 % del costo del combustible por cada

1 OºF que aumenta la temperatura del agua de alimentación.



30 

7. Calentando el agua, el desaereador reduce el mantenimiento

del caldero, porque al acercar las temperaturas del agua de

alimentación con la de operación normal del caldero, se

reducen esfuerzos indebidos producidos por el "shock" térmico

cuando se alimenta agua fría al caldero caliente.

2.3.2.7 Control de Nivel del Desaereador

En el ciclo Brown Boveri todo el vapor que ingresa a la turbina 

termina en forma de condensado en el Hotwell del Condensador 

principal. En el ciclo G.E. en cambio todo el vapor que ingresa a la 

turbina, termina en el desaereador. De allí es captado por las 

bombas de alimentación que lo envían a través de la válvula de 

distribución hacia los calderos. 

El control de nivel del desaereador cuenta con los siguientes 

componentes: 

1. Una válvula de control de flujo que además de controlar el

nivel, mantiene el balance entre el flujo de condensado que

ingresa y el agua de alimentación que sale y cuenta con tres

elementos de control:

a) El flujo de agua de alimentación que sale del desaereador

hacia las bombas.

b) El flujo de condensado principal que entra al desaereador.

c) El nivel del desaereador propiamente dicho.
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2. Una válvula de control de muy alto nivel, que descarga el

condensado hacia el tanque de almacenamiento que está

debajo del desaereador

3. Las bombas de transferencia de condensado que cuentan con

un circuito automático de control de muy bajo nivel. En este

caso de nivel muy bajo, las bombas succionan condensado del

tanque y lo envían al desaereador.

Las bombas de transferencia en control manual también 

suministran agua para el sello mecánico de las bombas de 

condensado durante el arranque inicial de la planta. Igualmente 

en control manual sirven para llenar el condensador para pruebas 

hidrostáticas. 
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2.4 IDENTIFICACIÓN DE LOS EQUIPOS GENERADORES DE 

VAPOR 

2.4.1 Caldero Nº1 

Fabricante: 

S/N o Contrato Nº : 

Tipo: 

Año de Fabricación: 

Capacidad: 

Tipo de Vapor: 

Presión de Diseño: 

Temperatura de Diseño: 

Combustible Empleado: 

BABCOCK & WILCOX 

FH -2665 

Caldero Acuotubular 

1958 

215,000 LB/Hr 

Sobrecalentado 

1000 psig 

910ºF 

Petróleo Residual 500 

Este caldero está ubicado fuera del edificio de turbinas en el lado 

sureste de la planta y provee vapor a un cabezal común de vapor 

principal, para uso en las turbinas a vapor de la planta 

termoeléctrica ILO 1. Fue diseñado para emplear 6 quemadores 

de petróleo de los cuales 5 son atomizados mec(micamente. Este 

caldero es inspeccionado semestralmente y se realizan 

reparaciones según se requiera. 



2.4.2 Caldero N º2 

Fabricante: 

S/N o Contrato N º : 

Tipo: 

Año de Fabricación: 

Capacidad: 

Tipo de Vapor: 

Presión de Diseño: 

Temperatura de Diseño: 

Combustible Empleado: 

34 

BABCOCK & WILCOX 

FH - 2665 

Caldero Acuotubular 

1958 

215,000 LB/Hr 

Sobrecalentado 

1000 psig 

910º F 

Petróleo Residual 500 

Este caldero está ubicado fuera del edificio de turbinas en el lado 

sureste de la planta y provee vapor a un cabezal común de vapor 

principal, para uso en las turbinas a vapor de la planta 

termoeléctrica ILO 1. Fue diseñado para emplear 6 quemadores 

de petróleo de los cuales 5 son atomizados mecánicamente. Este 

caldero es inspeccionado semestralmente y se realizan 

reparaciones según se requiera. 
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Figura N º

2.3 - Calderos N º1 y N º2 

2.4.3 Caldero N º3 

Fabricante: 

S/N o Contrato N º : 

Tipo: 

Modelo: 

Año de Fabricación: 

Capacidad: 

Tipo de Vapor: 

Presión de Diseño: 

Temperatura de Diseño: 

Combustible: 

COMBUSTION ENGINEERING 

Contrato N º 22169 

Caldero Acuotubular 

vu -60 

1970 

300,000 LB/Hr 

Sobrecalentado 

1000 psig 

910º F 

Petróleo Residual 500 
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Este caldero fue construido en la planta termoeléctrica ILO 1 en el 

año de 1970 y está ubicado fuera del edificio de turbinas en el 

lado este de la planta. Provee vapor a un cabezal común de vapor 

principal, para uso en las turbinas a vapor de la planta 

termoeléctrica ILO 1. Fue diseñado para emplear 6 quemadores 

de petróleo de los cuales 4 son atomizados con vapor. 

Es inspeccionado semestralmente y se realizan reparaciones 

según se requiera. 

Figura N º2.4 -Caldero N º3 

2.4.4 Caldero N º4 

Fabricante: 

S/N o Contrato N º : 

Tipo: 

Año de Fabricación: 

ABBCE 

Contrato N º 60392 

Caldero Acuotubular 

1993 



Fecha de Comisión: 

Capacidad: 

Tipo de Vapor: 

Presión de Diseño: 

Temperatura de Diseño: 

Combustible: 
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Junio de 1994 

400,000 LB/Hr 

Sobrecalentado 

1100 psig 

900
º F 

Petróleo Residual 500 

Este caldero es llamado un caldero modular, pero fue ensamblado 

en sitio. La instalación y diseño de la unidad fue provista por 

BECHTEL, con la supervisión de la construcción del caldero bajo 

la dirección de ABB-CE. Este caldero fue puesto en operación 

comercial en Junio de 1994. El caldero está ubicado fuera del 

edificio de turbinas en el lado Norte de la planta. El caldero provee 

vapor a un cabezal común de vapor principal, para uso en las 

turbinas a vapor de la Planta Termoeléctrica ILO 1. El caldero fue 

diseñado para emplear 6 quemadores de petróleo de los cuales 2 

son atomizados con vapor. 

Figura Nº2.5 - Caldero Nº4 
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2.4.5 Calderos de Recuperación de Calor 

Estos son equipos que pertenecen a la Fundición de Cobre de la 

empresa Southern Perú Copper Corporation (SPCC) en donde se 

realiza el muestreo, descarga, molienda y fundición del 

concentrado de Cobre. 

El proceso de fundición se realiza en hornos de reverberos, 

equipados con 7 quemadores los cuales están diseñados para 

quemar hasta 27 GPM de petróleo residual Nº6; la atomización se 

realiza mediante vapor seco con una presión máxima de 

60 lbs/pulg2 y la combustión se produce con aire precalentado 

hasta 800º F, bajo estas condiciones el concentrado alimentado se 

funde por efecto de la alta temperatura que existe dentro del 

horno (2400ºF a 2500º

F). 

Los gases producidos por la combustión y la fusión de 

concentrado arrastran consigo algo de polvos y salen de los 

hornos a una temperatura de 2200º F. Estos gases calientes 

llegan a los cuatro calderos (dos por cada horno) diseñados para 

producir vapor a 865 lbs/pulg2 de presión y a una temperatura de 

91 0º F. La producción normal de vapor de agua es de 

50,000 lbs/hr por caldero con una recuperación de calor que 

representa el 56% del combustible inyectado a los hornos. La 

temperatura de los gases que salen, de los calderos, promedia los 

700ºF. 
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Todo este vapor producido por los calderos de la fundición es 

enviado a la planta termoeléctrica donde es transformado en 

energía eléctrica. La energía eléctrica producida por la planta 

termoeléctrica es capaz de satisfacer todas las necesidades de 

consumo de toda la Mina Toquepala. 

Otra ventaja de los calderos de la fundición es bajar la 

temperatura de los gases de manera que ellos puedan ser 

conducidos por los duetos metálicos hasta una planta de 

precipitación electrostática compuesta por ocho unidades 

precipitadoras, donde más del 90% de los sólidos que acompañan 

a los gases son recuperados. El elemento valioso en estos sólidos 

es el cobre que es regresado a los hornos, mezclado con el 

concentrado. Esta recuperación significa una gran economía para 

la fundición. 

Finalmente, los gases que abandonan la planta de precipitación 

electrostática continúan por un dueto hasta una chimenea de 

concreto reforzado de 342' de altura, de donde salen al ambiente 

así totalmente limpios. 
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Figura Nº2.6 - Descarga de los Calderos de Recuperación 

2.5 IDENTIFICACIÓN DE LOS EQUIPOS CONSUMIDORES DE 

VAPOR 

2.5.1 Turbina a Vapor Nº1 

Fabricante: 

Turbina Nº : 

Capacidad de la Turbina 

Generador Nº : 

Capacidad del Generador: 

Fecha de Fabricación: 

BROWN BOVERI 

S/N: 833236 Tipo: osa 2f, 42 BK 

22,000 KW 

SIN: M32994 Tipo: WTH652d 

27,058 KVA 

1958 

Está ubicada en el lado sur del piso de turbinas de la planta 

termoeléctrica, con el condensador Hotwell extendiéndose a 

través del piso en su nivel inferior. La tJrbina esta soportada en 

una cimentación de concreto, tiene cuatro extracciones de vapor, 
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para uso en los calentadores de agua de alimentación y en la 

planta desalinizadora. 

La instalación de esta turbina no fue diseñada con un desareador, 

por ello los gases no condensables en el condensador son 

removidos en el pozo Hotwell. 

A esta turbina se le realizó una inspección y un Overhaul Majar en 

1991. 

Figura N º2. 7 - Turbina N º 1 
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2.5.2 Turbina a Vapor N
º2 

Fabricante: BROWN BOVERI 

Turbina N º

: S/N: B33185 Tipo: osa 2t, 42 BK 

Capacidad de la Turbina 22,000 KW 

Generador N
º

: S/N: M32956 Tipo: WTH652d 

Capacidad del Generador: 29,411 KVA 

Fecha de Fabricación: 1958 

Está ubicada en el lado sur del piso de turbinas de la planta 

termoeléctrica, con el condensador Hotwell extendiéndose a 

través del piso en su nivel inferior. Esta soportada en una 

cimentación de concreto, tiene cuatro extracciones de vapor, para 

uso en los calentadores de agua de alimentación y en la planta 

desalinizadora. 

La instalación de esta turbina no fue diseñada con un desareador, 

por ello los gases no condensables en el condensador son 

removidos en el pozo Hotwell. 

Figura N º2.9 
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2.5.3 Turbina a Vapor N
º

3 

Fabricante: GENERAL ELECTRIC 

Turbina Nº : 

Capacidad de la Turbina 

Generador N
º

: 

Capacidad del Generador: 

Fecha de Fabricación: 

197791 

66,000 KW 

316X287 

81176KVA 

1978 

Esta turbina fue instalada en 1979, pero las tuberías de vapor y de 

agua de alimentación fueron instaladas en 1968. Esta ubicada en 

la parte central del piso de turbinas de la planta termoeléctrica, 

con el condensador Hotwell extendiéndose a través del piso en el 

nivel inferior. Esta soportada en una cimentación de concreto, 

tiene cinco extracciones de vapor, para uso en los calentadores 

de agua de alimentación y en la planta desalinizadora. 
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2.5.4 Turbina a Vapor Nº4 

Fabricante: GENERAL ELECTRIC 

Turbina Nº: 

Capacidad de la Turbina 

Generador Nº : 

Capacidad del Generador: 

197791 

66,000 KW 

316X287 

81176KVA 

Esta turbina fue instalada en 1976, esta ubicada en el lado Norte 

del piso de turbinas de la planta termoeléctrica, con el 

condensador Hotwell extendiéndose a través del piso en el nivel 

inferior. Esta soportada en una cimentación de concreto, tiene 

cinco extracciones de vapor, para uso en los calentadores de 

agua de alimentación y en la planta desalinizadora. 

Figura Nº2.13 
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CAPITULO 3 

MARCO TEÓRICO 

3.1 FUNCIONAMIENTO DE LA CENTRAL TÉRMICA A VAPOR 

Las plantas de generación eléctrica a partir del vapor de agua basan su 

procedimiento de transformación de energía en los principios 

establecidos para las máquinas térmicas, las que tienen su idealización 

en la máquina de Carnot. 

• Ciclo Carnot con Vapor:

Si se emplea vapor de agua como sustancia de trabajo, desarrollando 

un ciclo de Carnot, este podría constituir un ciclo de comparación para 

las máquinas térmicas a vapor. 

Sea que se trabaje con vapor húmedo o con vapor sobrecalentado, los 

ciclos serían como los que muestran a continuación: 

Si el ciclo trabaja con vapor húmedo, se logra que las isotermas y las 

isóbaras coincidan durante los procesos de transferencia de calor qA y 

qB. Sin embargo se puede indicar dos dificultades notables: 
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a) La compresión de 1 a 2 es difícil de realizar en la práctica. El trabajo

de compresión es grande puesto que se comprime una sustancia

pseudogaseosa.

b) La temperatura TA queda limitada por la temperatura crítica.

T 

-r. 

s 

Figura N º3.1 - Ciclo de Carnot con Vapor Húmedo 

Si el ciclo trabaja con vapor sobrecalentado, se observará lo siguiente: 

a) La compresión tendría que ser hasta presiones supercríticas,

requiriendo de una gran potencia para comprimir el _agua.

b) El calor qA se transfiere a temperatura constante pero la presión

varía, haciendo complicado este proceso, y por lo tanto

impracticable.
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T 

TA..,_ __ .,_ ___ .., _____ __ 

T 

s 

Figura N º

3.2 - Ciclo de Carnot con Vapor Sobrecalentado 

En resúmen es necesario recurrir a otro ciclo cuyos procesos sean 

realizables en la práctica, cuando se utiliza vapor de agua, en el que 

las dificultades de orden técnico sean mínimas. 

Se ha observado que un ciclo formado por procesos isoentrópicos e 

isobáricos es más realizable. Uno de estos ciclos es el ciclo Clausius

Rankine, que constituye el ciclo de comparación para las máquinas 

térmicas que trabajan con vapor. 



• Ciclo Clausius - Rankine:
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El ciclo termodinámico básico que emplea la planta de generación es el 

Ciclo Clausius-Rankine, el cual consta de dos procesos isoentrópicos y 

dos procesos isobáricos. Este ciclo se muestra en las siguientes 

figuras: 

Gráfico T-s Gráfico h-s 

Figura 3.3 

p 

•a t 

Gráfico p-v 

El ciclo se realiza en una máquina térmica o planta de potencia ideal 

cuyo esquema se muestra en la siguiente figura: 

.. 

... 

Figura 3.4 - Máquina Térmica Ideal a Vapor 

-
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Los procesos que integran el ciclo Clausius-Rankine son: 

• Proceso 1-2: 

• Proceso 2-3: 

en la caldera. 

• Proceso 3-4:

• Proceso 4-1 :

condensador.

Bombeo de líquido, isoentrópico . 

Calentamiento y evaporación a presión constante, 

Expansión isoentrópica en la turbina a vapor . 

Condensación del vapor a presión constante en el 

Se considerará para una masa unitaria: 

qA: Calor transferido al ciclo: 2q3

qs: Calor transferido al sumidero: 4q1 

wt: Trabajo producido por la turbina a vapor: 3W4 

wb: Trabajo suministrado a la bomba de agua: 1w2 

El ciclo Clausius-Rankine carece de pérdidas internas, pero 

externamente es irreversible, puesto que no recibe el calor qA a 

temperatura constante. Por lo tanto, su eficiencia será menor que la del 

ciclo Carnot, entre las mismas temperaturas TA y T s. 

e 

s 

Figura 3.5 - Ciclo de Carnot con Vapor Húmedo 
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Parámetros característicos 

• Presión de vapor: Es la presión del vapor en el ingreso de la turbina.

• Presión de descarga: Es la presión de vapor en la descarga de la

turbina.

• Temperatura de vapor: Es la temperatura del vapor en el ingreso a

la turbina. Se le conoce también como temperatura máxima.

• Eficiencia ('lR): Considerando despreciables �Ec y �Ep, y teniendo

en cuenta que los procesos son del tipo denominado de flujo y

estado estables (FEES):

En la turbina: 

En el condensador: 

pero: 4W1 = J-vdp = O
4 

En la bomba: 

En el caldero: 

(turbina adiabática) 

(proceso isobárico) 

(bomba adiabática) 

pero: -¿_W3 = O 

(caldero isobárico) 
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Entonces el rendimiento será: 

(caldero isobárico) 

s 

Figura 3.6 - Ciclo Clasius-Rankine 

El trabajo de la bomba es h2 - h1, y puede calcularse por: 

Aquí el volumen puede considerarse constante e igual al volumen 

del líquido saturado v1, que ingresa a la bomba. 

La bomba por comprimir líquido (fluido - prácticamente 

incompresible), requiere de una cantidad muy pequeña de trabajo 

en comparación con el trabajo producido por la turbina, por lo que 

para algunos cálculos se le considera, en términos relativos, 

desprecia ble. 
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Una expresión aproximada de la eficiencia, para cálculos rápidos, 

sería: 

El ciclo de Clausius-Rankine descrito puede ser modificado para 

mejorar la eficiencia, como también para resolver algunas 

dificultades de orden técnico que trae consigo este ciclo básico. De 

la expresión: 

r¡R 
= (h3 -h4)-(h2 -hi) = (h3 -h2)-(h4 -hi) = }- h4 -h 1 

h3 -h2 (h3 -hi
} h3 -h2 

Resulta en: 

Considerando la temperatura media de transferencia de calor al 

ciclo: 

B 

e 

Se S 

A 

' 

' 

---, 

B - - - - - - - - - - - - - - - T m ax

e 

Se S 

Figura 3.7 - Temperaturas Medias Termodinámicas 
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Durante los procesos ABC y COA la temperatura de la sustancia no 

permanece constante sino que va variando a lo largo del proceso, 

pero se puede pensar en una temperatura hipotética, constante, tal 

que durante un proceso a esa temperatura que involucre el mismo 

cambio de entropía SA - ss se transfiera el mismo calor que 

corresponde al proceso. Esta temperatura así definida se denomina 

"Temperatura media termodinámica de transferencia de calor" y se 

designa como: 

T M: La temperatura media termodinámica de transferencia positiva 

de calor. 

Tm: La temperatura media termodinámica de transferencia negativa 

de calor. 

e 

frds 
qA TM = 

A 
= Entonces: 

Se -SA Se -SA 

A 

frds 
qB Tm= e 

= Entonces: 
SA -Se SA -Se 

La eficiencia del ciclo puede expresarse como: r¡ = 1- Tm

TM 

Es decir que la eficiencia de un ciclo cualquiera en· función de las 

temperaturas medias termodinámicas tiene así la misma expresión 

formal que la correspondiente al ciclo de Carnot que es: 
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En donde TA y T s son las temperaturas constantes, a las que se 

efectúan los procesos de aportación y rechazo de calor. Se debe 

tener en cuenta que TA y T s representan las temperaturas máxima y 

mínima del ciclo respectivamente. 

La definición de las temperaturas medias termodinámicas es 

importante para efectos de comparación ya que la eficiencia de un 

ciclo e mayor mientras mayor es su temperatura media T M y 

mientras menor es su temperatura media Tm. 

En otros términos si se quiere aumentar la eficiencia de un ciclo se 

debe incrementar su temperatura media de transferencia positiva de 

calor T M y disminuir su temperatura media de transferencia negativa 

de calor Tm. 

Existen procedimientos fundamentales, practicados en los ciclos de 

las plantas térmicas a vapor en la actualidad, tendientes a mejores 

eficiencias además de otras ventajas técnicas. 

No obstante estos procedimientos, tienen inevitables Jimitaciones de 

diversa índole. Por ello, es necesario analizar para cada caso, su 

influencia en el ciclo, así como sus limitaciones. En este análisis se 

considerará una masa unitaria. 
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Los procesos fundamentales pueden resumirse en: 

1 . Sobrecalentamiento 

Consiste en elevar la temperatura del vapor saturado que sale de la 

caldera hasta una temperatura T, a presión constante. 

1' 

T 

s 

Figura 3.8 - Ciclo Clausius-Rankine con Sobrecalentamiento 

El vapor saturado que sale de la caldera se hace pasar por un 

sobrecalentador en el que recibirá una parte del calor qA, para 

elevar su temperatura hasta T 3=TA, a presión constante (3' a 3). 

Siendo la temperatura máxima T3 mayor que T'3, la temperatura 

media T M será mayor. Por otra parte, la temperatura T 3 no podrá 

sobrepasar el límite metalúrgico permisible de las partes en 

contacto con el vapor sobrecalentado. 

Se logra también que la expansión de 3 a 4, ocurra en su mayor 

parte con vapor sobrecalentado (vapor seco). Esto favorece a la 

turbina pues se la preserva del golpeteo permanente de pequeñas 
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gotas de líquido que originan la erosión de los álabes. En la práctica 

se permite, sin embargo, que el vapor descargado por la turbina 

tenga una humedad que no exceda del 12%. 

2. Influencia de la presión de vapor (pv)

Considerando constantes la temperatura máxima T 3 y la presión de 

descarga P1, se podrá variar la presión de vapor pv. 

Para el análisis se considera despreciable la influencia del trabajo 

de la bomba en la eficiencia, al variar la presión pv. Al elevar p2 se 

observa que: 

a) Se eleva la temperatura media T M

b) Disminuye el calor perdido en el condensador (q8)

c) La humedad del vapor en la descarga aumenta (esta es una

desventaja)

A medida que la presión es mayor (incluyendo presiones 

supercríticas) el incremento de la eficiencia es menor. Habrá una 

presión máxima permisible que dependerá de la combinación de la 

resistencia mecánica y térmica de las partes en contacto con el 

vapor. 

La influencia de la presión de vapor en la eficiencia se puede 

apreciar en la siguiente figura: 
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1 

1 
ª·o, 

' �---t..r-ºctp 

pv 

Figura 3.9 - Influencia de la Presión de Vapor 

en la Eficiencia para TA y P1 

3. Influencia de la presión de descarga

Considerando un ciclo con una presión de vapor p2 y una 

temperatura T 3 constantes. 

Siendo la condensación un proceso a temperatura constante, al 

variar la presión pd, T s variará de igual forma. 

Al disminuir la presión pd, disminuye T s, lo que implica transferir 

menos calor qs. 

Esto queda confirmado con el análisis de la ecuación: 

Tm 
77=1--

TM 

Al disminuir la presión pd, aumenta la humedad del vapor en la 

descarga. La presión de descarga pd queda limitada por: 

a) La humedad en la descarga (máximo 12%)

b) La temperatura del sumidero al cual se transfiere qs.
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En las plantas a vapor, el sumidero lo constituye el agua de un 

depósito, un rio, el mar, etc. que se encuentra aproximadamente a 

la temperatura ambiente (To). Por lo tanto T 8 estará limitado a un 

valor mínimo por encima de To. 

so� 

------.. o
> •

--- 7
"' 

20-C 

O(SC.t.•(¡.I 

Figura 3.1 O - Presión del Condensador 

4. Regeneración

Se le denomina al intercambio regenerativo de calor, a las 

transferencias de calor efectuadas desde y hacia la propia sustancia 

de trabajo, en algún proceso, sin intervención de la fuente ni del 

sumidero. Se consigue evidentemente elevar la temperatura media 

de transferencia de calor al ciclo. 

• Ciclo regenerativo con extracciones de vapor

El calentamiento regenerativo del agua de alimentación se 

puede conseguir extrayendo pequeñas cantidades de vapor, en 

varios puntos de la turbina durante la expansión del vapor. 
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Estas pequeñas masas son conducidas a calentadores de 

agua dispuestos en serie tal como se muestra. 

T UR81NA 

qA 

w, 

2 

C OH D E !11 S A :>CR 

A 

L:i, 
l 3 

8 o 
4 

Figura 3.11 - Planta a Vapor de Ciclo Regenerativo 

Durante la expansión del vapor, de 1 a 2, en los puntos a, b y  c 

se hacen extracciones de vapor, cuyas masas son mx, m
y 

y mz ; 

las que son conducidas a los calentadores A, B y C 

respectivamente. 

En los calentadores, el vapor se condensa cediendo calor al 

agua de alimentación. La mayor parte del vapor continúa 

expandiéndose para producir trabajo. Estos pueden ser de dos 

tipos: 

a) Calentadores de contacto directo

Se les denomina también calentadores de mezcla o

"abiertos". En ellos, el vapor extraído se condensa al

ponerse en contacto físicamente con el agua de
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alimentación a la caldera, dando como resultado una 

mezcla saturada líquido-vapor. Las condiciones de 

funcionamiento para un régimen estabilizado de la planta 

(proceso FEES en el calentador) se muestra a continuación: 

a./ 
/'Ji;>Or 

c1qu4 de 
a I i me n t.., í o n 
a la caldera 

J bvmb� 

Figura 3.12 - Calentador de Contacto Directo 

En este tipo de calentamiento de agua se requiere de una 

bomba de agua independiente para cada calentador. La 

temperatura de la mezcla T K es aproximadamente igual a la 

temperatura de saturación a la presión de vapor ingresante 

pa. 

T 

Ts 

Líquido 
subenfriado 

K 

J 

x = O 

a 

s 

Figura 3.13 - Diagrama T-s calentador abierto 
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Con frecuencia se les utiliza para la eliminación de los 

gases no condensables en el circuito de vapor (siempre que 

la presión sea mayor que la atmosférica). 

b) Calentadores de contacto indirecto

Se les denomina también calentadores cerrados o de

superficie. En este tipo de calentadores, el vapor extraído

se condensa al ponerse en contacto con los tubos dentro de

los cuales circula agua de alimentación a menor

temperatura.

Como consecuencia de esta transferencia de calor, el agua

de alimentación eleva su temperatura. Las condiciones de

funcionamiento para el régimen FEES, son las siguientes:

.a/ 
( vapor

-...•�- ../v'\,1\/\/\. 
k 

J 

a9ua de 
al imentacion 

Lj �--��-c_o_n_densado 

Figura 3.14 - Calentador de Contacto Indirecto 

En este caso no se requiere necesariamente de una bomba 

de agua por cada calentador, pudiéndose emplear una 

bomba para dos o más calentadores en serie. 
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La temperatura T K es menor que la temperatura del 

condensado T1, en 5 o 6º
C aproximadamente, solo en el 

caso de intercambio de calor ideal, T K = T1. 

T 

a 
De la turbina 

Mezcla 

j 

s 

Figura 3.15 - Diagrama T-s calentador cerrado 

Para que se cumpla con la condición de continuidad y no 

estando en contacto el vapor con el agua de alimentación, 

la masa m1=ma debe ser extraída del calentador y 

conducida al circuito de agua de alimentación (a no ser que 

se le de otro uso en la planta). Siempre será recomendable 

su recuperación, y para el efecto se puede proceder de dos 

maneras: 

Enviando el condensado a una región de menor 

presión, pudiendo ser a otro calentador o al 

condensador. En estos casos se requiere reducir la 

presión, estrangulando. 
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Enviando al condensado a una región de mayor 

presión pudiendo ser directamente a la línea de 

agua de alimentación. En este caso será necesario 

utilizar una bomba de agua. 

a la 

caldera 

Vapor 

de Vapor 

dela 

Turbina 

Figura 3.16 - Recuperación del Condensado en los 

Calentadores de Contacto Indirecto 

El elemento designado como trampa de vapor es una válvula 

automática que permite controlar el paso del fluido hacia una 

presión menor, dejando ingresar únicamente el líquido, el 

mismo que sufre un proceso de estrangulamiento hasta la 

presión de salida. 

La disposición de las bombas, como los calentadores es muy 

variada dependiendo de otras consideraciones además de las 

ya analizadas. 

Lógicamente, el trabajo total producido por la turbina 

disminuirá, pero también disminuye el calor transferido al ciclo 
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y en mayor proporción que el trabajo. Esto ocasiona un 

incremento de la eficiencia del ciclo, hasta un valor máximo, 

para luego decrecer. 

El máximo valor de T F (ver figura 3.11) queda por debajo de la 

temperatura de saturación, debido a las irreversibilidades en 

los calentadores. Sin embargo, se observará que la eficiencia 

del ciclo se hace igual a la de Carnot cuando el número de 

calentadores es infinito. 

T 

• • 

• • l 

t ji : 1 

C' 2' 

' 1 
1 t 1 

t 1 
s ro rA� ) 

Figura 3.17 - Ciclo Regenerativo con "n" Calentadores 

La eficiencia del ciclo regenerativo será: 

2 e 

Wn = T
A

(s
1 

-se)- ¿(Tru)+ ¿(Iru)-1�(s
1 

-se) 
1 3 



Luego: 

Pero: 

2 e 

¿(Ttis)= ¿(Ttis) 
1 3 

Finalmente: 
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Es importante tener presente que: 

Ciclo regenerativo: Cuando las extracciones de vapor son 

destinadas únicamente para calentar el agua de alimentación a 

la caldera. 

Ciclo de extracción: Se refiere a los casos en que se realiza 

una o más extracciones de vapor en la turbina para diversos 

usos, como calentamiento de agua, procesos, calefacción, etc. 
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3.2 CODIGOS Y NORMAS EMPLEADOS 

Los códigos por lo general establecen requerimientos para el 

diseño, materiales, fabricación, pruebas e inspección de sistemas 

de tuberías. Las normas son procedimientos recomendados para 

la evaluación de sistemas de tuberías. Se requiere cumplir sus 

requerimientos para asegurar la seguridad de los trabajadores y 

del público en general tal como recomienda el INDECOPI 

( Instituto Nacional de Defensa de la Competencia y de la 

Protección de la Propiedad Intelectual) a través de la NTP (Norma 

Técnica Peruana) en la reconoce el uso de los códigos y normas 

internacionales tales como ASME (The American Society of 

Mechanical Engineers) y API (American Petroleum lnstitute). 

ASME es una de organización líder en el mundo que desarrolla 

códigos y normas sobre calderos de vapor, recipientes a presión, 

tuberías a presión, entre otros. 

API publica especificaciones, boletines, prácticas recomendadas, 

normas y otras recomendaciones como ayuda pa�a estandarizar 

equipos y materiales. 

De las cuales según la aplicación se decidió emplear el código 

ASME 831.1 y la norma API RP 579 para establecer la 

metodología de evaluación de la condición en este informe. 
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3.2.1 Código ASME 831 

Empezó como el proyecto 831 en Marzo de 1926, la primera 

edición de este estándar fue publicado en 1935. En vista de 

continuos desarrollos en la industria y el incremento en diversas 

necesidades a través de los años, se decidió publicar varias 

secciones del código para tuberías a presión. Desde Diciembre de 

1978, el proyecto 831 de la ANS (American Nacional Standards) 

fue reorganizado como el código ASME 831 para tuberías a 

presión bajo los procedimientos desarrollados por ASME y 

acreditados por ANSI. 

Actualmente, las siguientes secciones del código ASME 831 para 

tuberías a presión están publicadas: 

ASME 831.1 

USAS 831.2 

ASME 831.3 

ASME 831.4 

ASME 831.5 

ASME 831.8 

Power Piping 

Fuel Gas Piping 

Process Piping 

Liquid Transportation Systems far Hydrocarbons, 

Liquid Petroleum Gas, Anhydrous Ammonia, and 

Alcohol 

Refrigeration Piping 

Gas Transmission and Distribution Piping 

Systems 

ASME 831.9 Building Services Piping 

ASME 831.11 Slurry Transportation Piping Systems 
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• ASME 831.1: Código para tuberías de sistemas de potencia

Este código establece los requerimientos para el diseño, material, 

fabricación, construcción, pruebas e inspección de tuberías para 

sistemas de potencia y de servicios auxiliares para estaciones de 

generación eléctrica en plantas industriales y centrales 

termoeléctricas, sistemas de calentamiento geotérmico, y 

sistemas de calentamiento y enfriamiento. Este código no es 

aplicable para sistemas de tuberías cubiertas por otras secciones 

del código para tuberías a presión, y otras tuberías que están 

excluidas del alcance de este código. 

La tubería exterior que no pertenece al caldero (a partir de la 

primera unión soldada en la descarga en el domo del caldero) 

debe ser construida de acuerdo al código ASME 831.1. 

En adición a los sistemas de tuberías cubiertos por otras 

secciones de ASME 831, el código para tuberías a presión, 

ASME 831.1 no cubre los siguientes: 

• Componentes cubiertos por el código ASME para calderos y

recipientes a presión (excepto la tubería conectada no cubierta

por el código ASME para calderos y recipientes a presión debe

cumplir con los requerimientos del ASME 831.1).

• Tuberías para distribución de vapor en edificios diseñadas

para soportar 15 psig o menos, o sistemas de tuberías para

agua caliente diseñados para soportar 30 psig o menos.
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• Tuberías para drenajes de techo y piso, alcantarillas, y

regadoras y otros sistemas de protección.

• Tuberías para herramientas hidráulicas, neumáticas y sus

componentes luego de la primera válvula de bloqueo luego del

cabezal del sistema de distribución.

• Tubería para instalaciones marinas y otras bajo control

federal.

• Tuberías cubiertas por otras secciones del ASME 831 y

ASME sección 111.

• Tuberías de gas combustible dentro del alcance de ANSI Z

223.1, código nacional de gas combustible.

• Tubería para combustible pulverizado dentro del alcance de la

NFPA.

Los requerimientos de este código se aplican para sistemas 

centrales de calefacción para distribución de vapor y agua caliente 

lejos de las centrales ya sea subterránea o donde fuera, y 

sistemas de tuberías geotérmicas de vapor y agua caliente juntas 

y desde el cabezal del pozo. 

Para tuberías de sistemas de potencia (diferentes de los sistemas 

relacionados a la seguridad en las centrales nucleares) 

construidas y nuevos sistemas de tuberías construidos bajo el 

código ASME 831.1, las siguientes pautas deben ser usadas para 

determinar la edición efectiva y adenda del código ASME B31. 1: 
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"Las ediciones son efectivas y deben ser usadas en o después de 

la fecha de publicación impresa en la primera página. Las 

adendas son efectivas y deben ser usadas en o después de la 

fecha de publicación impresas en la primera página." 

La última edición y adenda, publicada antes de la fecha del 

contrato original para la primera fase de la actividad que involucra 

un sistema de tuberías debe ser el documento que regula las 

actividades de diseño, selección de materiales, fabricación, 

construcción, inspección, y pruebas para los sistemas de tuberías 

hasta el cumplimiento del trabajo y operación inicial. Excepto que 

el acuerdo sea específicamente extendido entre las partes 

contratantes, ninguna edición del código y/o adenda debe ser 

retroactiva. 

Los casos del código pueden ser usados después de haber sido 

aprobados por el consejo del ASME. Las provisiones de un caso 

del código pueden ser usados incluso después de su expiración o 

retiro, provisto el caso de código que fue efectivo en la fecha del 

contrato original y fue usado para la construcción original o fue 

adoptado antes del cumplimiento del trabajo y las partes 

contratantes acordaron su uso. 

No se usa las revisiones o casos del código que son menos 

restrictivos que los requerimientos fo,males sin haberse 
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asegurado que hayan sido autorizados por la autoridad 

competente donde la tubería es instalada. 

3.2.2 Norma API RP 579 

Esta norma fue desarrollada por la Materials Properties Council 

(MPC) en 1990 la cual concentró el desarrollo de tecnología y sus 

resultados se publicaron en los volúmenes del ASME PVP. La 

culminación de este programa fue el desarrollo y la publicación de 

la Práctica Recomendada API 579 para la evaluación por 

disponibilidad para el servicio. 

El API RP 579 es organizado en forma modular basada en el tipo 

de material dañado o indicación encontrada para facilitar su uso y 

actualización. Emplea tres niveles de evaluación: 

Evaluación de Nivel 1: Puede ser realizada por un ingeniero de 

planta. 

Evaluación de Nivel 2: Requiere por lo menos un ingeniero de 

planta. 

Evaluación de Nivel 3: Debe ser realizado por ingenieros expertos 

o por un equipo de ingenieros que incluya por lo menos un

ingeniero experto. 

La aplicación de los niveles superiores de valoración es a menudo 

limitada por la falta de datos de propiedades de materiales y los 

datos exactos de operación. 
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Cada sección del API RP 579 identifica los requerimientos, la 

aplicabilidad y limitaciones de los procedimientos de evaluación. 

Los diagramas de flujo, figuras y ejemplos son provistos para 

simplificar el uso de los procedimientos. Hay también 

recomendaciones para el monitoreo en servicio y otros métodos 

paliativos que aplican en situaciones donde la evaluación es 

difícil. Cada sección entrega recomendaciones en técnicas de 

análisis de esfuerzos, mediciones NDE, y propiedades de los 

materiales. Como un paso esencial para la evaluación por 

disponibilidad para el servicio, la mínima vida remanente (RL) de 

un componente debe ser evaluado. El valor mínimo de la vida 

remanente es la base para establecer los intervalos de 

inspección. En casos donde no es posible evaluar la vida 

remanente, se deben realizar monitoreos para estar seguro de 

que algún problema que puede estar desarrollándose y aparecer 

en el servicio futuro pueda ser detectado y ubicado. 

Los equipos de una planta de generación están expuestos a 

ambientes corrosivos y/o elevadas temperaturas. Bajo estas 

condiciones, los materiales usados en estos equipos pueden 

degradarse o envejecer durante su tiempo de servicio. Equipos 

importantes tales como recipientes a presión, tuberías, y tanques 

de almacenamiento empiezan a degradarse, el operador de la 

planta debe decidir si esta puede seguir funcionando segura y 
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confiablemente para evitar daños al personal y al público, daños 

al medio ambiente, y paradas inesperadas. Los procedimientos 

para evaluación por disponibilidad para el servicio proveen 

información para que el operador de planta haga estas decisiones 

basadas en principios de ingeniería. 

La evaluación por disponibilidad para el servicio es un análisis de 

ingeniería multidisciplinario para determinar si los equipos 

cumplen los requerimientos para su servicio continuo hasta el fin 

de su periodo de operación deseado, es decir hasta su próximo 

overhaul o parada planificada. Existen razones comunes para 

evaluar la disponibilidad para el servicio de equipos incluyendo el 

descubrimiento de indicaciones tales como áreas localmente 

delgadas (L TA) o discontinuidades, defectos que superan los 

actuales estándares de diseño, y planes para operar bajo las más 

severas condiciones que originalmente se esperaban. Los 

principales resultados de la evaluación por disponibilidad para el 

servicio son (1) una decisión para operar, alterar, reparar, 

monitorear, o reemplazar el equipo y (2) guía para intervalos de 

inspección de equipos. La evaluación por disponibilidad para el 

servicio aplica métodos analíticos para evaluar indicaciones, 

daños y desgaste del material. 
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Los métodos analíticos están basados en análisis de esfuerzos, 

pero ellos también requieren información de la operación del 

equipo, ensayos no destructivos (NDE), y propiedades del 

material. El análisis de esfuerzos puede ser realizado usando 

manuales estándares o fórmulas de normas de diseño o por 

medio de análisis por elementos finitos (FEA). Con la moderna 

tecnología de computadoras, el uso de FEA es muy común. La 

evaluación por disponibilidad para el servicio requiere el 

conocimiento del historial de las condiciones de operación y una 

previsión de futuras condiciones de operación. La interacción con 

el personal de operaciones es requerida para obtener esta 

información. Los ensayos no destructivos se usan para ubicar, 

dimensionar, y caracterizar discontinuidades. Las propiedades del 

material deben incluir información de los mecanismos y 

comportamiento en el ambiente de servicio, especialmente con los 

efectos de corrosión y temperatura. 

La evaluación por disponibilidad para el servicio es requerida por 

varias razones. Entre las razones más importantes están los 

siguientes: 

• Mantener la seguridad del personal de la planta y del público.

• Conocimiento del nivel de degradación de las instalaciones.

• Mantener operaciones seguras y confiables.
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• Mantener la factibilidad de incrementar la severidad de las

operaciones. 

• Racionalizar el daño encontrado por más rigurosas

inspecciones en servicio que el encontrado por inspecciones

realizadas durante la construcción original.

3.3 ENSAYOS NO DESTRUCTIVOS 

El objetivo de estos ensayos es caracterizar la condición actual 

del material de las tuberías sin dañar o destruir algún 

componente. La examinación es orientada a encontrar 

discontinuidades o la degradación que puede haberse 

desarrollado durante la vida operativa del componente o sistema, 

a la fecha. 

Varios métodos NDE pueden ser aplicables a un material en 

particular entre los cuales se recomiendan los siguientes: 

• Inspección Visual

• Partículas Magnéticas

• Ultrasonido

• Radiografía

• Replica Metalográfica

• Análisis de Aleación
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3.3.1 Inspección Visual 

La examinación visual es probablemente la más antigua y la más 

ampliamente usada de todas las inspecciones. Se usa para 

determinar alineamiento de superficies, dimensiones, condición de 

la superficie, acabado de soldaduras, marcas y evidencia de 

filtraciones, entre otros. 

En muchas instancias la manera de conducir una inspección 

visual se deja a la discreción del inspector, pero los 

procedimientos más recientes describen nuevos requerimientos 

tales como acceso, iluminación, ángulo de visión, uso de equipo 

directo o remoto, y listas de control en donde se verifican las 

observaciones requeridas son empleadas actualmente. La 

examinación visual toma lugar a través del ciclo de fabricación. 

Para empezar, esto puede consistir de la verificación del material, 

procedimientos de soldadura, calificación de soldadores, metal de 

aporte, y alineamiento de la junta, y cumplimiento de fabricación, 

tales cosas como dimensiones finales, soldadura de la junta, 

condición de la superficie y limpieza. 

3.3.2 Inspección con Partículas Magnéticas 

El examen de partículas magnéticas es esencialmente una 

inspección superficial. Este tipo de examinación esta limitado a 

materiales que pueden ser magnetizados (materiales 
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paramagnéticos), dado que se basa en las líneas de fuerza dentro 

de un campo magnético. 

La pieza a ser examinada es sometida a una corriente la cual 

produce líneas de fuerza magnética en la pieza. La superficie es 

entonces rociada con polvo de hierro. Las partículas del polvo de 

hierro se alinean con las líneas de fuerza. Cualquier 

discontinuidad normal a las líneas de fuerza podrá producir un 

campo alrededor de la discontinuidad y por lo tanto un 

agrupamiento de polvo de hierro alrededor del defecto. La 

examinación debe ser repetida a 90º para detectar 

discontinuidades que pueden ser paralelas a las líneas del campo 

magnético inicial. 

Hay muchas variaciones de examinación por partículas 

magnéticas dependiendo de la manera en la cual el campo es 

aplicado y si las partículas son húmedas o secas y fluorescentes o 

coloreadas. 

3.3.3 Inspección Ultrasónica 

La inspección ultrasónica es usada en tuberías para la detección 

de discontinuidades en soldaduras y materiales tanto como para 

determinar espesor de material. 

Una ráfaga corta de energía acústica es transmitida en la pieza a 

ser examinada y el eco se refleja desde lo5 diferentes bordes de 
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la pieza. Un análisis del tiempo y amplitud de eco provee los 

resultados de la examinación. 

Un reloj en el equipo actúa para iniciar y sincronizar los otros 

elementos: Acciona un pulso que envía una señal eléctrica de 

corta duración a un transductor, usualmente a una frecuencia de 

2.5 MHz. El transductor convierte la señal eléctrica a una 

vibración mecánica. La vibración como ultrasonido atraviesa a 

través de un medio acoplante (como la glicerina 8) y a través de 

la pieza a una velocidad la cual es una función del material. Como 

el sonido es reflejado desde varios planos, este retoma hacia el 

transductor o algunas veces a un segundo en donde es convertido 

a una señal eléctrica la cual es enviada a un amplificador para su 

despliegue en tubo de rayo catódico. El eje horizontal de la 

pantalla se relaciona con el tiempo y el eje vertical con la 

amplitud. La indicación en el extremo izquierdo muestra el tiempo 

y la amplitud de la señal transmitida desde el transductor. 

Indicaciones a la derecha mostrarán el tiempo y el grado de 

reflexión desde varias paredes o discontinuidades internas. 

La capacidad de una inspección ultrasónica para detectar 

discontinuidades depende de la geometría de la pieza y la 

orientación del defecto. Si el plano de la discontinuidad es 

perpendicular al haz del sonido, este actuará como una superficie 

reflejante. Si esta es paralela al haz del sonido, entonces no será 
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una superficie reflejante y de acuerdo a ello no se mostrará en el 

osciloscopio. Por consiguiente, la técnica de búsqueda debe ser 

cuidadosamente escogida para asegurar que se pueda cubrir 

todas las posibles orientaciones del defecto. 

El defecto más serio en una junta soldada de una tubería esta 

orientado en la dirección radial. La técnica más comúnmente 

usada para detectar tales defectos es la búsqueda con onda de 

corte. En este procedimiento, el transductor es ubicado a un lado 

de la soldadura y a un ángulo con respecto a la superficie de la 

tubería. El ángulo se mantiene con un bloque de plástico que 

transmite el sonido a través de la tubería y la soldadura. Estando 

a un ángulo, se reflejará desde las superficies de la tubería hasta 

que se atenúe. Cualquier superficie que sea perpendicular al haz 

de sonido, sin embargo, reflejará una parte del sonido y regresará 

al transductor y se mostrará como una indicación en el 

osciloscopio. Si el ángulo del haz de sonido y el espesor del 

material son conocidos, la superficie reflejante podrá ser 

localizada y evaluada. 

Snoe 

Crack 

To oscilloscope 

I 

.,- Couplenl 
I 

Figura 3.18 - Ejemplo de inspección 

empleando una onda ultrasónica de corte 
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Figura 3.19 - Imagen mostrada en el osciloscopio 

Antes de una inspección periódica, el equipo es calibrado contra 

defectos artificiales para conocer el tamaño y la orientación en un 

bloque de calibración. El bloque debe ser representativo del 

material que es inspeccionado (por ejemplo: materiales de 

similares propiedades acústicas, espesores, forma exterior y 

acabado superficial). 

Una variación de inspección ultrasónica puede ser usada para 

medir el espesor del material. Si la velocidad del sonido en el 

material es conocida, el tiempo que la señal toma para atravesar 

el espesor y retornar puede ser convertido a una medición del 

espesor. 
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3.3.4 Radiografía 

Cuando la necesidad de mayor integridad en la soldadura debe 

ser demostrada, la examinación más frecuentemente especificada 

es la radiografía. Desde que la condición interna de la soldadura 

puede ser evaluada, esta es referida como una examinación 

volumétrica. 

Las fuentes radiográficas usadas para la examinación de tuberías 

son usualmente Rayos X o Rayos Gamma como isótopos 

radioactivos. Mientras que los equipos de Rayos X se usan a 

menudo, tienen a menudo limitaciones debido a que se requieren 

múltiples exposiciones para una sola junta, y se necesitan equipos 

especiales, como los aceleradores lineales, para espesores 

mayores. Aunque los equipos de rayos X producen placas con 

mejor claridad, no son prácticos en el campo debido a las 

limitaciones en el espacio y portabilidad. En el campo, los 

isótopos radioactivos son usados casi exclusivamente debido a su 

portabilidad y en caso de acceso. Para espesores mayores a 2.5 

pulg de acero, el isótopo más comúnmente usado es el Iridio 192, 

después esta el Cobalto 60 que es usado para espesores por 

encima de 7 pulg. 

Las fuentes radioactivas normalmente usadas en trabajos de 

tuberías varían en intensidad desde unos pocos curies hasta 100 
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curies. Cada fuente decae en intensidad de acuerdo a su vida 

media. Como la intensidad decae, se requieren mayores tiempos 

de exposición_ El iridio 192 tiene una vida media de 75 días, 

mientras que el cobalto 60 tiene una vida media de 5.3 años. 

Las fuentes radioactivas tienen dimensiones definidas y como 

resultado producen un efecto de sombra en la placa. Esto es 

referido como la penumbra geométrica, y es directamente 

proporcional al tamaño de la fuente e inversamente proporcional a 

la distancia entre la fuente y la película. ASME sección V ha 

establecido límites para la penumbra geométrica. 

Idealmente para tuberías, la fuente es ubicada dentro de la 

tubería y al centro de la tubería examinada, con la película fuera 

de la superficie de la soldadura, permitiendo así una exposición 

panorámica. Donde la penumbra geométrica impide esta práctica, 

la fuente puede ser ubicada en el interior de la pared opuesta y 

una parte de la soldadura es impactada y debido a ello varias 

exposiciones pueden necesitarse. La fuente puede también ser 

ubicada fuera de la tubería y la exposición hecha a través de dos 

paredes. De nuevo esto requiere múltiples exposiciones y tiempos 

de exposición más largos. 
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Opposlte wall 
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B 
Panoramic 

Giveri: l. 30-in dia. X 7-io wall C/S pipe 
2. 10 cu CO60 X 0.051 dia. sourc.e
3. 50 cu CO60 X O., 25 dia. s,ource

e 

Double wa.11 

4. 100 ou C06-0 X 0.181 dia. source
5. Max. allowable geometric unsharpness Ug = 6d "'0.07 1n (ASME Sect. V

Art. 2 para. T-274)
6. Use Kodak "AA" Film w-ith a 2.5 f,lm density

Min. SFD "" 5.1 in for 10 cu AX 0.051 india.
12.5 in tor 50 cu X O.� 25 in día. 
18. l tor 100 cu X O.181 in dia.

Using the patameter established in 1 above as we·II as 5 and 6. it would 
be possible to: 

(a) Usa a 10-cu source as established in 2 above and shoot me pape
osing the panoramic 1echniqua, sketch B above, with an exposu e
time ot 3 hrs or

(b) Use a 50-cu sou,ce as established in 3 above and shoot the p,ip0
using tho panoramic technique, sketch 8 above. wilh an exposure
time ot 1 hour 5 min or

(e} Use a , DO-cu source as established in 4 above and shoot the pipe 
using the opposite wall technique. sketch A above, wit11 an 
exposure time ot 50 min. As many as six exposure.s might be 
required-total 5 hrs. 

Figura 3.20 - Efecto del tamaño de la fuente 

en la técnica radiográfica 

Una radiografía es considerada aceptable si el requerido agujero 

esencial o tamaño de alambre del indicador de calidad 

(penetrámetro) de la imagen es visible en la película. 
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3.3.5 Réplica Metalográfica 

Una evaluación de la microestructura puede ser realizada en la 

superficie del componente a ser evaluado, esta evaluación es 

llamada Réplica Metalográfica, con la cual se puede obtener una 

imagen de la microestructura de la superficie. El área a ser 

examinada es cuidadosamente pulida hasta un acabado de 

espejo usando tela de paño (pana de pelo corto), lijas cada ves 

más finas o discos de amolado, y compuestos de pulido (pasta de 

diamante de 1 micra, alúmina), se realiza un ataque químico con 

Nital. Luego se aplica una película delgada de plástico a la 

superficie. Esta película de plástico endurece a medida que va 

secando en la superficie pulida, mediante esto se queda grabada 

la microestructura de la superficie en la película de plástico. 

Cuando esta técnica es realizada por técnicos experimentados, la 

resolución de la estructura de la superficie en magnificaciones a 

500X o más es casi igual al conseguido en una muestra del 

mismo metal. La desventaja del método de réplica es que solo la 

superficie del material puede ser examinada, dejando cualquier 

daño subsuperficial sin poder ser detectado. Sin embargo, este 

método es muy útil cuando se aplica a regiones de soldadura, u 

otras áreas de alto esfuerzo donde se sospecha la degradación 

del material. 
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La determinación de la vida remanente realizada por este método 

no es exacta: la correlación entre el tipo y grado de daño, y el 

tiempo durante el cual el material estuvo degradándose es solo 

aproximado. En muchos casos, la inspección continua durante 

varios años es necesaria para determinar la velocidad de 

progresión del daño. Usualmente, cuando una red de microfisuras 

ha sido generada, es tiempo de considerar la reparación o 

reemplazo del componente evaluado. 

3.3.6 Análisis de Aleación 

Se recomienda realizar el análisis de aleación en zonas de la 

tubería de vapor debido a que el efecto de la temperatura y el 

tiempo de servicio tienen alta influencia sobre los factores que 

gobiernan las propiedades físicas de los aceros aleados, en el 

caso de las tuberías de vapor principal de la CT ILO 1 son del 

material A335 Gr. P·11 (1 ¼Cr-½Mo-Si). 

Dada su composición este es un acero resistente al_ creep, el cual 

tiene en su composición los elementos Cr, Mo y Si. 

El Cr mejora la resistencia a la corrosión y oxidación a elevadas 

temperaturas. 

El Mo incrementa la resistencia mecánica a elevadas 

temperaturas. 

El Si mantiene a estabilidad del Fe a altas temperaturas. 
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El fenómeno de creep o fluencia en caliente se caracteriza por un 

alargamiento contínuo y progresivo hasta llegar a la rotura debido 

a la tensión (o esfuerzo) constantemente aplicada (tensión inferior 

a la carga de rotura) a una temperatura elevada. 

Las más importantes características metalúrgicas del material son 

la composición química, estructura y tamaño de grano los cuales 

son afectados por la temperatura de servicio. 

Por ello que se recomienda realizar el análisis de aleación para 

evaluar la composición química del material que conforma las 

tuberías de vapor principal. 

Uno de los equipos más utilizados es el XMET3000TX el cual es 

un equipo que emite una señal XRF (Fluorescencia de Rayos X) y 

su funcionamiento es de la siguiente manera: 

Las muestras son bombardeadas con rayos X producidas por 

radioisotopos tales como Fe-55, Co-57, Cd-109 o tubos de rayos 

X. Cuando una muestra es irradiada, la fuente de �ayos X puede

seguir esparciendo o absorviendo átomos de la muestra. 

Si la energía de la fuente de rayos X es mayor que el límite de 

energía de absorción de la capa interna del electrón, entonces los 

electrones de la capa interna del átomo son expulsados, creando 

espacios vacantes. 
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La cascada de electrones que atraviesa la capa del núcleo el 

núcleo llena los espacios vacíos. Los electrones en las capas 

exteriores tienen altos niveles de energía que los electrones en 

las capas interiores, y los electrones de las capas externas emiten 

energía en forma de rayos X el cual atraviesa el núcleo. 

El nuevo arreglo de los electrones resulta en la emisión de rayos 

X con las características del átomo bombardeado. La emisión de 

rayos X, de esta manera, se denomina Fluorescencia de Rayos X 

(XRF). Un análisis cualitativo es realizado observando la energía 

del rayo X característico. Un análisis cuantitativo es realizado a 

través de la medición de la intensidad del los rayos X de acuerdo 

a la longitud de onda característica para un metal partícular. 

X-ray adsorption and
photoelectron ejection. ,/ e·
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Figura 3.21 - Diagrama esquemático del proceso XRF 
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Figura 3.22 - Aplicación del Equipo Analizador de Aleación 



CAPITULO 4 

METODOLOGÍA DE EVALUACIÓN DE LA CONDICIÓN OPERATIVA 

La metodología de evaluación de la condición operativa se va desarrollar 

teniendo en cuenta el siguiente proceso: 

Especificaciones 

Dibujos de soportes 
de las tuberías. 

Historial y archivos 
de mantenimiento e 
inspecciones. 

Procedimientos para 
mantenimiento, 
reparaciones y 
reemplazo. 

HISTORIAL DE OPERACION 

• 
RECOPILACION DE lA. 

JNFOHMAClÓN.TÉCNlCA 
REQUERIDA PARA LA. 

EVAlJJAC.lÓN 

+ 

INSPECCIÓN DE LINEAS 

INSPECCION EN CALIENTE 
INSPECCION EN FRIO 
INSPECCION VISUAL 

+ 

ETAPA DE EVALUA CION 

ANALISIS DE ESFUERZOS 
POR COMPUTADORA 
VERIF ICACION DE 
SOPORTES 
COMPARACIÓN DE CARGA 
EN LOS SOPORTES 

.. 
SELECCIÓN DE LOS 

PUNTOS DE INSPECCION Y 
METODOS DE EVALUACION 

+ 

DOCUMENTACION Y 
RECOMENDACIONES 

PRUEBAS Y AJUSTES 
FRECUENCIA DE 

INSPECCION 

Tubería y dibujos de 
las instalaciones 

incluyendo archivos 
de alguna 

modificación. 

lsométricos de 
fabricación. 

Soportes existentes 
de tuberías antiguas. 

Programa para 
inspecciones y 

monitoreos 
periódicos 

Figura 4.1 - Programa de extensión de vida: 

Inspección y evaluación de tubería de vapor principal 
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4.1 RECOPILACIÓN DE LA INFORMACIÓN TÉCNICA REQUERIDA 

PARA LA EVALUACIÓN. 

Esta etapa en la evaluación de la condición de tubería crítica es 

para recoger información específica relevante a los sistemas de 

tuberías. Estos datos incluyen: 

• Dibujos de tubería y arreglo general.

• lsométricos de construcción (dibujos de fabricación).

• Especificaciones que cubren el material de la tubería,

diámetro externo, espesor de tubería, material, etc.

• Cálculos de esfuerzos y soportes de las tuberías tal como fue

diseñado.

• Dibujos de diseño de los soportes de la tubería, incluyendo

detalles, ubicación y lista de materiales.

• Archivos de cualquier modificación de la tubería.

• Procedimientos de mantenimiento de las tuberías y sus

soportes.

• Datos históricos tales como el historial de rendimiento, datos

del modo del ciclo de planta, resultados de los ensayos no

destructivos (NDE), etc.

• Cargas permisibles para las conexiones del caldero y turbina.

Estos datos son usados para determinar la cantidad de 

información requerida para que sea obtenida durante la fase del 
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reconocimiento de la línea y la extensión del análisis puede ser 

requerida durante la fase de evaluación. 

El historial de operación de la planta y los actuales modos de 

operación para cada sistema debe ser revisado. Las áreas de 

interés incluyen: El ciclo de operación del sistema, cargas de 

fluidos transientes que puedan haber ocurrido, modos de 

operación térmico, y cualquier observación de vibraciones 

excesivas. 

En adición, el historial de mantenimiento es revisado 

constantemente y debe consultarse con el personal de la planta 

para identificar los componentes de las tuberías y los soportes 

que hayan sido reemplazados debido a la falla. El tipo de falla, 

método de reparación, acción correctiva, y probable causa son 

revisados para determinar si algún modelo exista que pueda 

justificar la inclusión del componente en la fase de inspección del 

programa. 

4.2 INSPECCIÓN DE LAS TUBERÍAS DE VAPOR PRINCIPAL. 

La fase de reconocimiento consiste en la inspección de las 

tuberías por ingenieros experimentados en el área de esfuerzos 

en tuberías y soportes. La información obtenida durante la fase de 

revisión de documentos es usada para establecer los 

requerimientos para una exitosa fase de reconocimiento. os 
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datos del cálculo de esfuerzos, dibujos de los soportes de las 

tuberías, y dibujos de las tuberías son revisados durante el 

reconocimiento de las líneas. 

a) El primer reconocimiento debe ser realizado durante la

operación de la planta cuando el sistema de tuberías esta 

caliente, esta fase de reconocimiento de la tubería establece la 

condición "en operación" del sistema de tuberías 

b) El segundo reconocimiento durante la parada de la planta

cuando la tubería esta fría. 

El reconocimiento de la línea consiste en una inspección visual 

del conjunto del sistema de tuberías y estructura soporte. El 

movimiento de la tubería es registrado revisando los indicadores 

de desplazamiento de los soportes y el golpe de los 

amortiguadores así como las marcas realizadas a los 

componentes de las tuberías con respecto a los datos de los 

puntos de referencia fijos. Evidencia de daños al aislamiento, 

interferencia con o desde otras tuberías o equip�s, vibración y

condición general de los soportes, barras de suspensión, guías, 

anclajes, accesorios de acero, entre otros son archivados. El 

reconocimiento es documentado con dibujos de reconocimiento 

de las tuberías y las hojas de inspección de los soportes, los 

cuales son usados como datos de la fase de evaluación. 
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Los problemas típicos identificados durante el reconocimiento de 

las tuberías incluyen: 

• Rajaduras en la soldadura

• Deformación en los cabezales de vapor.

• Evidencia de golpe de vapor y golpe de agua.

• Válvula rotas.

• Vibración excesiva.

• Excesivo pandeo en la tubería.

• Daño a las barras de soporte constante.

• Mal funcionamiento de los aisladores.

4.3 ETAPA DE EVALUACIÓN 

La fase de evaluación integra la información obtenida durante el 

reconocimiento de la línea el cual define la condición "en 

operación" y el esfuerzo de la revisión de los documentos el cual 

define la condición "según diseño". Si existen desviaciones 

significativas de los cálculos "según diseño" o si ningún cálculo 

esta disponible, entonces los sistemas de tuberías son analizados 

de acuerdo con el Código ASME/ANSI 831.1 para tuberías de 

potencia. El análisis resultante es denominado el análisis de 

esfuerzos "en operación". Las cargas tales como la presión 

interna, expansión térmica, y el peso del aislamiento de la tubería 

y sus contenidos están incluidas en el análisis. Las fuerzas de 

descarga en las válvulas de alivio son determinadas e incluidas 
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apropiadamente. Las cargas tales como el golpe de vapor o el 

golpe de agua son analizadas si hubiera evidencia de que hayan 

ocurrido en el pasado. La condición de los soportes registrados 

durante el reconocimiento de la línea es incluida en el análisis. 

Ejemplos de esto incluyen: soportes rotos o dañados, 

interferencias, resortes deformados o soportes rotos. 

Los resultados del análisis de esfuerzos de la tubería "en 

operación" proveen cargas en los equipos, cargas en los soportes, 

y niveles de esfuerzos a través del sistema de tuberías. Las 

cargas en los soportes son usadas para evaluar la integridad de 

los soportes de la tubería existente y los soportes de resorte. Los 

niveles calculados de esfuerzo son comparados con los niveles 

permisibles del código ASME 831.1 para tuberías de potencia. En 

casos donde los niveles de esfuerzo excedan los niveles 

permisibles de código y/o para mejorar condiciones de problemas 

crónicos (como la deflexión de tuberías), se determinan 

modificaciones al actual sistema de soportes de tubería. Los 

resultados del análisis de esfuerzos son denominados análisis de 

esfuerzos "en operación modificado". 
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4.4 SELECCIÓN DE LAS UBICACIONES Y MÉTODOS DE 

INSPECCIÓN. 

En la realización del análisis de esfuerzos se identifican 

ubicaciones para exámenes no destructivos (NDE). Las 

ubicaciones típicamente representan áreas de alta concentración 

de esfuerzos tales como reductores, codos, conexiones de 

ramales, aletas soporte, o conexiones Y. El objetivo de los NDE 

es caracterizar la condición actual del material de las tuberías sin 

dañar o destruir algún componente. La inspección es orientada a 

encontrar discontinuidades o degradación que puede haberse 

desarrollado durante la vida operativa del componente o sistema a 

la fecha. 

Varios métodos NDE pueden ser aplicables a un material en 

particular. El método menos costoso que puede detectar la 

degradación previsible o rajadura es seleccionado. Las opciones 

de los ensayos no destructivos incluyen: 

• Inspección visual

• Inspección con partículas magnéticas

• Inspección ultrasónica

• Radiografía

• Réplica metalográfica

• Análisis de aleación
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Un orden de preferencia para los diferentes métodos puede ser 

desarrollado basado en los siguientes criterios: 

• Ubicación y tipo de defecto a ser detectado (rajaduras,

porosidad, escoria, entre otros).

• Tamaño relevante del defecto a ser detectado.

• Composición del material (magnético o no magnético,

metálico o no

• metálico).

• Espesor (dimensiones actuales).

• Geometría (simétrica, compleja).

• Tamaño (pequeña o larga).

• Condición del material (tratado en caliente, grueso o de grano

fino).

• Método de fabricación (fundido, forjado, soldado, rolado, etc.)

• Condición de la superficie (rugoso, plateado, pulido, pintado,

etc.)

• Resultados de las pruebas (archivos permanentes).

• Costo y tiempo para realizar las pruebas.

Determinados los puntos de inspección y las técnicas NDE 

seleccionadas, la frecuencia de inspección debe ser determinada 

dependiendo de los siguientes factores: 
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• Tipo de unidad.

• Historial de falla de la tubería.

• Modo de falla más común.

• Importancia de la unidad a la utilidad del sistema.

Todos estos factores pueden conducir hacia muchas posibilidades 

para la frecuencia de inspección. Las áreas problema 

identificadas dentro de cada sistema que no hayan sido 

corregidos mediante el modelo "en operación modificado" 

entonces deben ser inspeccionados después de cada evento de 

parada de la turbina o durante cada parada programada por lo 

menos una vez por año. 

Luego que todas las mejoras sean implementadas, el sistema de 

tuberías y soportes deben ser inspeccionados entre cada 3 a 5 

años o después de cada parada por sobrecarga. Si la inspección 

inicial del sistema arroja discontinuidades o defectos puede 

establecerse un compromiso de vida del componente, entonces 

debe recomendarse un programa de inspección más frecuente o 

realizar determinaciones de la vida del componente mediante 

aproximaciones del mecanismo de fractura existente 

(dependiendo de la naturaleza del defecto). La Tabla N º1 provee 

recomendaciones genéricas para inspecci0i1es en tuberías de alta 

potencia. 
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RECOMENDACIONES GENERALES PARA EVALUACIÓN DE TUBERÍAS DE AL TA POTENCIA 

Tipo 
Tubería de Alta Temperatura Otras Tuberías de Alta 

(>900º

F) Eneroía 
Soldaduras lonoitudinales 100% V, MT, UT 100% V, MT, UT 
Soldaduras circunferenciales 100% V, MT , UT Ninauno 
Sistemas de ramales 

100% V, MT 100% V, MT 
'soldadas o en lonoitud) 
Conexiones miscelaneas 

V,MT 100% V, MT 
soldadas 
Conexiones estructurales 100%V, MT 100% V, MT 

Replicas 
No menos de 2 en zonas de 

Ninguno 
alto esfuerzo 

Analizador de aleación 100% de piezas expuestas Ninouno 

Mediciones circunferenciales 2 por cada tamaño de tubería Ninguno 

Espesor de tubería recta 
4 lecturas a 90º en cada 4 lecturas a 90º en cada 

lonoitud lonoitud 

Espesor de tubería curva 
4 lecturas a 90º , en la mitad y 4 lecturas a 90º , en la mitad y 

descarna descaraa 
Espesor en la descarga de 4 lecturas a 90º, en la mitad y 4 lecturas a 90º , en la mitad y 
válvulas, tees, Y'es, laterales 12' despues de la descaraa 12' despues de la descaraa 

Espesor de tees, Y'es y 
Lecturas en áreas de impacto Lecturas en áreas de impacto 

para detectar pérdida de para detectar pérdida de 
laterales 

material material 

Tabla Nº4.1 

4.5 EVALUACIÓN POR DISPONIBILIDAD PARA EL SERVICIO 

SEGÚN NORMA API RP 579. 

Cada sección del API RP 579 tiene un procedimiento de evaluación por 

disponibilidad para el servicio que consiste de las siguientes partes: 

1. General

2. Aplicabilidad y limitaciones de los procedimientos para evaluación

por disponibilidad para el servicio.

3. Requerimientos

3.1. Datos originales de diseño del equipo

3.2. Historial de operación y mantenimiento
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3.3. Datos y mediciones requeridas para la evaluación por 

disponibilidad para el servicio. 

3.4. Recomendaciones para técnicas de inspección y requerimientos 

dimensionales. 

4. Técnicas de evaluación y criterio de aceptación

5. Evaluación de la vida remanente

6. Opciones de reparación

7. Monitoreo en servicio

8. Documentación

9. Referencias

1 O. Tablas y figuras 

11 . Problemas ejemplo 

El procedimiento del API RP 579 emplea un factor de esfuerzo 

remanente (RSF), el cual está definido como sigue: 

RSF = LDC 

Luc 

Loe: Límite del esfuerzo de rotura de un componente dañado 

Luc: Límite del esfuerzo de rotura de un componente nuevo. 

El procedimiento también incluye recipientes a presión, tuberías y 

tanques a ser evaluados. Para reevaluar recipientes y tuberías a 

presión, las siguientes expresiones aplican: 

MAWP = MAWP -- for RSF < RSFa( 
RSF 

J ' RSF a 

MAWP =MAWP for RSF 2'.: RSFar 
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MAWPr : Presión reducida máxima permisible de trabajo 

MAWP: Presión máxima permisible de trabajo 

RSFa: Factor de esfuerzo remanente permisible 

El API RP 579 usa aproximación de esfuerzo local para evaluar pérdida 

de material y discontinuidades por corrosión. La aproximación esta 

basada en el área efectiva de la sección transversal de la 

discontinuidad y el esfuerzo de flujo a la tensión del material. Esto ha 

sido establecido basado en los resultados de extensivos FEA y 

numerosas pruebas de explosión a toda escala de recipientes a presión 

y tuberías. 

El API RP 579 emplea estudios de fractura mecánica para evaluar 

discontinuidades tales como las fisuras. Muchas de estas, con un 

diagrama general de evaluación de la falla (FAD) es usado para 

computar la proporción de resistencia (K,-) y la proporción de carga (Lr) 

para un componente con una discontinuidad tal como una fisura. Kr es 

la proporción del factor de intensidad del esfuerzo elásJico lineal (K1) 

para la resistencia a la fractura del material (KMAT), mientras Lr es la 

proporción del esfuerzo de referencia ( a ref ) al esfuerzo de fluencia del 

material ( a ys ). Para una discontinuidad y carga dadas, el valor de Kr 

como una función de Lr es graficado en la FAD. Ninguna falla es 

predecida para puntos debajo de la línea de la evaluación de la falla, en 
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donde la falla es aproximadamente cercana a ocurrir para puntos en o 

debajo de la línea de evaluación. Los cálculos son repetidos en otras 

condiciones para encontrar donde se ubican con respecto a la 

envolvente o para determinar las condiciones críticas (un punto en la 

línea de falla) en el cual la falla se predice que esta próxima a ocurrir. 

El valor calculado de vida remanente (RL) es un valor que es usado 

para establecer el intervalo de inspección y por lo tanto el intervalo de 

operación segura hasta la siguiente inspección. 

La presión máxima permisible trabajo (MAWP) puede ser estimada 

basada en la corrosión permisible, es decir RL puede ser estimada en 

el espesor de pared. 

Para una pérdida general de material, la corrosión efectiva permisible 

(CAe) es estimada como sigue: 

CAe = tperdido + CR X tiempo 

t
perdido: Cantidad de espesor de material perdido hasta la fecha de la 

inspección 

CR: Velocidad de corrosión futura 

tiempo: Tiempo de operación futura. 

Alternativamente, RL es estimado según: 

RL = (t am - K * t mm )
CR 

tam : Espesor promedio a la fecha de inspección 

tmin : Espesor mínimo permisible 
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K: Factor que es igual a 1 para evaluaciones de nivel 1 y RSFa para 

evaluación de nivel 2. 

La documentación de los resultados es una parte importante de la 

evaluación por disponibilidad para el servicio. API RP 579 señala las 

siguientes recomendaciones para la documentación: 

1 . Debe ser suficiente repetir la evaluación en una fecha posterior, por 

ejemplo 5 años después. 

2. Debe incluir los datos de diseño original y el historial de

mantenimiento y operación.

3. Debe incluir todos los datos de inspección que fueron usados en la

evaluación.

4. Debe incluir las hipótesis y resultados analíticos, incluso:

4.1 Versión, sección y nivel del API RP 579 y otros documentos

empleados en el análisis. 

4.2 Diseño y condiciones de operación futuras (temperatura, 

presión, medio ambiente). 

4.3Cálculo del espesor mínimo requerido o MAWP. 

4.4 Cálculo de la vida remanente e intervalos de inspección. 

4.5 Mitigación y recomendaciones de monitoreo que son 

condiciones para operación continua. 

5. Todos los documentos deben ser almacenados con los archivos de

inspección.
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El procedimiento general de evaluación recomendado por API RP 579 

consta de los siguientes pasos: 

Paso 1: Identificar el tipo de discontinuidad y el mecanismo de daño del 

material. 

Paso 2: Determinar la aplicabilidad y limitaciones del procedimiento de 

evaluación. 

Paso 3: Definir los requerimientos de información. Esta información 

requerida para todas las evaluaciones son indicadas en la Sección 2, 

mientras esta información requerida para un tipo especifico de 

discontinuidad y mecanismo de daño están dados en la sección que 

contiene el procedimiento de evaluación para este tipo de 

discontinuidad y mecanismo de daño. 

Paso 4: Aplicar las técnicas de evaluación y el criterio de aceptación. 

Paso 5: Evaluar la vida remanente o el tamaño máximo de 

discontinuidad y establecer un intervalo de inspección basado en lo 

resultados de la evaluación. 

Paso 6: Aplicar los métodos requeridos de remediación para la 

extensión posible y práctica. 

Paso 7: Emplear los procedimientos de monitoreo en servicio cuando la 

vida remanente y los intervalos de inspección no puedan ser 

adecuadamente establecidos. 

Paso 8: Archivar toda la información usada y decisiones hechas en los 

pasos 1 al 7, y almacenar la documentación con los archivos de 

inspección. 
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Estos 8 pasos deben ser incluidos en cada evaluación por 

disponibilidad para el servicio de una discontinuidad específica y 

combinación de componentes. 

4.6 REPORTE FINAL 

La fase final de la evaluación de sistemas críticos de tuberías de alta 

potencia es documentar las actividades del programa en un reporte el 

cual deberá resumir los resultados de la revisión de los documentos, 

reconocimiento de la línea, y análisis de esfuerzos. Las 

recomendaciones pueden incluir reparaciones, reemplazo o 

modificación de componentes de tuberías y soportes, cambios a los 

procedimientos de mantenimiento, y recomendaciones para realizar 

más exhaustivos ensayos no destructivos, pruebas metalúrgicas o para 

incrementar la frecuencia de inspección. 



CAPITULO 5 

VALORACIÓN ECONÓMICA 

Las actividades que se han definido con el fin de realizar la evaluación de la 

condición de las tuberías de vapor principal de la planta, es decir para todos 

aquellos sistemas de tuberías cuyo mal funcionamiento puede tener 

consecuencias sobre la operación, otros equipos y seguridad del personal, 

requieren una inversión que se describe a continuación. 

Se debe decidir si el personal de la planta o personal contratista estará a 

cargo de la evaluación de la tubería de vapor principal. Hay dos tareas 

principales: inspeccionar el sistema de vapor principal y realizar el 

mantenimiento del sistema de vapor. Se puede elegir entre contratar el 

servicio de inspección de una empresa externa, y tener personal propio que 

realice dicha tarea. Otra opción es contratar primeramente los servicios de 

una empresa contratista que realice la primera inspección, registrar toda la 

información pertinente, y realizar el entrenamiento del personal propio que 

continúe el programa de evaluaciones. 

Las condiciones a favor y en contra de estas tres opciones se describen a 

continuación: 



Empleando personal propio Empleando una empresa contratista 
Empleando una empresa contratista la primera vez y 
luego realizar estas inspecciones con personal propio. 

Condiciones a favor: Condiciones a favor: Condiciones a favor: 

- El personal propio puede convertirse en experto - Costo fijo para inspecciones y/o mantenimiento - La asistencia de expertos es fácilmente disponible.

en la evaluación del sistema de tuberias si se - Inspecciones anuales que pueden ser facilmente - Las instalaciones tienen más control debido al

con lo cual podrá resolver problemas complejos, programadas sin considerar la di$ponibilidad del involucramiento de su personal propio.

problemas de varios aí'los tales como daí'los en personal de planta, sobretiempos, etc. - Las propuestas de los contratistas pueden ser

turbinas, intercambiadores de calor, etc. - El personal debe ser experto en su campo. validadas por el personal propio.

- La supervisión tiene el control de cómo y cuando - El contratista debe entregar reportes. - El personal propio puede facilitar una facilitar una

son realizadas las inspecciones y el mantenimiento. - El contratista debe indicar las razones por que los relación más productiva que pueda formarse entre las

- Los archivos y reportes son propios y mantenidos algunos soportes deben ser cambiados e indicar instalaciones y el contratista.

en las instalaciones. las caracteristicas que deben tener los nuevos soportes. - La credibilidad de las reparaciones propuestas es
- El personal propio no puede inclinarse hacia - Varios expertos desde una variedad de fabricantes y verificada mediante la cooperación entre el personal

algún fabricante de equipos. distribuidores pueden ayudar para resolver problemas propio y los contratistas.
complejos con el sistema de vapor. - La inversión en entrenamiento está asegurada.

Condiciones en contra: - En las instalaciones no se requiere mantener un grupo Es improbable que se pueda reemplazar al personal
- Se requiere entrenamiento costoso e inversión de de expertos en ensayos no destructivos. propio y a los contratistas al mismo tiempo.

tiempo. El contratista puede facilmente entrenar a un nuevo
- Es dificultoso mantener el mismo personal durante Condiciones en contra: personal propio y un personal propio puede facilmente

mucho tiempo suficientemente para desarrollar las - El nivel de especialización varia ampliamente. fijar a un nuevo contratista.
habilidades necesarias y covertirse en expertos en - El contratista usualmente tiene el control de los - Los archivos pueden ser registrados por el personal
técnicas de ensayos no destructivos. datos y reportes. propio.

- Falta de personal disponible debido a otras actividades - Algunos contratistas son distribuidores de varios
más importantes. fabricantes de tuberias y equipos NDE y pueden Condiciones en contra: 

- La supervisión del personal a cargo del programa actuar como representantes para adquirir repuestos. - Se requiere entrenamiento del personal propio.
puede no tener experiencia en inspecciones de este
tipo.

Tabla N
º

5.1 - Evaluación de opciones para la contratación de mano de obra 
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Para la implementación de este programa empleando personal propio se 

presenta un presupuesto: 

ltem Equipo requerido Costo 

1 Equipo de Partículas MaQnéticas (MT) $2,780.00 

2 Equipo de Ultrasonido (UT) $13,831.00 
Subtotal = $16,611.00 

ltem Requerimiento Costo 

1 Entrenamiento en Inspección Visual $5,000.00 

2 Consumibles para MT $3,000.00 

3 Entrenamiento en MT $5,000.00 

4 Cosumibles para UT $2,500.00 

5 Entrenamiento en UT $5,000.00 

Subtotal = $20,500.00 

Total= $37,111.00 

Tabla N º

S.2

La evaluación económica sería la siguiente: 

El área analizada tiene costo de US$/hora por las paradas no 
programadas 
debido a una falla en el sistema de vapor principal 

Costo de $ / hora por parada de la planta 
=22MW * $ 8.2/MW-hr * 2 + 66MW * $ 24.6/MW-hr * 2 = $3,608.00 /hr 

Las horas que pararía la planta en caso de falla de la tubería de 
vapor 
principal debido a las reparaciones 
requeridas 

Horas de parada 8 hr 

Promedio horas parada 

Promedio de Costo de 
parada 

8 hr X $3,608.00 

$28,864.00 
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EVALUACION ECONOMICA 

Análisis Financiero 

Nombre del proyecto: ADQUISICIÓN DE EQUIPOS PARA EVALUACION DE LA CONDICIÓN 

1.- INGRESOS/ .-\HORROS DE COSTOS 

TOTAL DE INGRESOS/ AHORROS 

3.- TOTAL NETO ANTES l IPl TESTOS 

-t.- DEPRECL\ClON 

5.- BENEFICIO NETO TOT.-\L 

6.- IMPUESTOS 30% 

7.- IMPORTE IN\'ERSION PROYECT. 

8.- FLU.JO DE CAJA NETO 

FLUJO NETO NOMINAL 

FLUJO NETO REAL@lnflacion 3% 

Indicadores Flujo Nominal 

Indicadores Flujo Real 

Payback periodo anual 

{16,611) 

{16,611)11 

{ 16,611)1 

< 16.611)1 

TIR IRR = 

TIR IRR= 

AÑOS= 

2006 
1 

28.86-t 

28.864 

28.�6---

(-U5_,)

2-t. 711 

7.413 

2l,-t5l 11 

21,-tSl 1 

20,8261 

29.1% 

25.4% 

0.80 

Valor 

FISCAL YEAR 

2007 2008 2009 
2 J ... 

o o o 

o o o 

(-1.1,J) (-t. l 5., l ( -U,,¡ 

(-t.15.,) ( .... 1 ,.,) ( .... 1 5,) 

o o o 

o 11 o 11 o 1

o 1 o 1 o 1 

o 1 o 1 o 1

VAN NPV = 1 $ 2.2881 

Unidades VARIABLES 
OEPRECIACION (años) 

INFLACION ANUAL(¾) 

TASA DE DESCUENTO (¾) 

4 Afios ( Máximo a utilizar 7 años) 

3.0% Porcentaje 
13.5% Porcentaie 

Hecho por: Revisado por: 

NOTAS: . Los ingresos de dinero deben considerarse positivos y los egresos como negativos 

Tabla N
º
5.3 - Evaluación económ:ca
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La cotización de servicios de una empresa contratista para realizar los 

ensayos requeridos de acuerdo a la metodología propuesta sería la 

siguiente: 

COTIZACION DE SERVICIOS 

CLIENTE: 
CONTACTO: 
REFERENCIA: SERVICIO DE ENSAYOS NO DESTRUCTIVOS EN CT ILO 1 

POWER PLANT 

Código/ Standard a cumplir: ASME V Artículo 4 / Scope of Main Steam Piping lnspection 

SERVICIO 

Inspección Visual (VT) 
Inspección Partículas Magnéticas (MT) 
Inspección Ultrasonica (UT) 
Supervisores NDT 

RATES / TARIFAS 

Por el servicio de Ensayos No Destructivos en CT ILO 1 POWER PLANT 
Unidad Nº 1, 2, 3 & 4 todo según especificaciones según detalle: 
1 MS - Main Steam, Unit 1 
2MS - Main Steam, Unit 2 
3MS - Main Steam Unit 3 
4MS - Main Steam, Unit 4 
1 HDR2 - U1 &U2 Common HDR to Waste BLR 
3HDR4 - U3&U4 Common HDR to Smelter 

PRECIO DEL SERVICIO $ 7,750.00

(Este precio incluye todas las pruebas solicitadas para la evaluación de la condición 
excepto las de análisis de aleación) 

Tiempo Estimado: 15 días con informe incluido 

CONDICIONES: 

1. En estos precios no está incluido el IGV.
2. Enviar orden de servicio
3. Sellos ACCP ASNT Level 111, incluidos en el servicio.
4. Forma de pago: A 30 días fecha factura
5. Será por vuestra cuenta la alimentación de nuestro personal en vuestra planta.
6. Será por vuestra cuenta la provisión de andamios, personal para armado,
desarmado y movilización de los mismos o plataforma móvil con el operador.
7. Se incluye 10 placas RT (cada placa adicional a $50.00)

Alquiler del equipo para análisis de aleación (Stone & Webster) $ 6,000.00

Total $ 13,750.00

Tabla N
º

5.4 
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CONCLUSIONES 

• Se recomienda la aplicación de esta metodología debido a que está

basada en las prácticas actuales de evaluación de la condición de los

sistemas de vapor principal en una Central Térmica con lo cual el

operador de la planta tiene una valiosa información para operar sus

equipos y evaluar un incremento del nivel de producción de la planta.

• La extensión de la vida de los sistemas de vapor principal en una central

termoeléctrica puede realizarse de acuerdo a los requerimientos del

código ASME 831.1 y norma API RP 579.

• Esta evaluación requiere una inversión de $16,611.00 para comprar

equipos y realizar la evaluación de la condición de las tuberías de vapor

principal es factible según a tasa del TIRN0M1NAL = 29.1 %@16.5,

TIRREAL = 25.4%@13.5, VAN = $2,288.00 y para un tiempo de

depreciación de cuatro años. Además, se tendrá que realizar una

inversión adicional en la contratación de una empresa de servicios,

entrenamiento y consumibles los cuales suman en total $50,861.00

como inversión inicial para prevenir una pérdida de $28,864.00 debido a

por lo menos 8 horas de parada de planta ocasionada por una falla en el

sistema de vapor principal. Por lo tanto, es conveniente realizar la

evaluación de la condición operativa de las tuberías de vapor principal

empleando una empresa contratista la primera vez y luego realizar esta

evaluación con personal propio.

• Es posible establecer una relación entre la condición de los elementos

que componen un sistema de vapor principal con la frecuencia de
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inspecciones recomendada para realizar la evaluación por disponibilidad 

para el servicio. 

• La evaluación por disponibilidad para el servicio son evaluaciones

cuantitativas de ingeniería que son realizadas para demostrar la

integridad estructural de un componente en servicio que contiene una

discontinuidad o daño. API RP 579 provee lineamientos basados

además en la experiencia para conducir estas evaluaciones empleando

metodologías específicamente preparadas. Los lineamientos provistos

en esta práctica recomendada pueden ser usados para tomar decisiones

de reparación y asegurarse de que los componentes a presión que tiene

discontinuidades identificadas mediante la inspección puedan continuar

bajo operación segura.
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ILO PERU - MAIN STEAM - AS-DESINGED 

04/20/2004 ILO PERU POWER PLANT 1- 8501 MAIN STEAM BENTLEY 

05:20 PM AS-DESIGNED PIPE STRESS ANALYSIS AutoPIPE+S.50 RESULT PAGE 665 

R E S UL T SUMMAR Y 

Maximum sustained stress ratio 

Point 
Stress psi 

Allowable psi 
Ratio 

Load cambination 

Maximum displacement stress ratio 

Point 
Stress psi 
Allowable psi 
Ratio 

Load combination 

4145 
7541 

12740 
0.59 

GR + Max P 

4170 

21637 

21935 

0.99 

Max Range 

* * * The system satisfies ASME B31.1 code requirements

* * * for the selected optíons

* * * 

,.. * * 
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A TfACHMENT 5 

ILO PERU - MAIN STEAM - P,S-OPERATING R2 
02/23/2006 ILO PERO POWER PLANT i- 850# MAIN STEAM BENTLEY 
02:09 PM A_S-OPERATING PIPE STRESS ANALYSIS R2 AutoFIPE+8_ Sl RESULT PAGE 212 

R E S U L T S U M M A R Y 

Maximum sustained stress ratio 

Point 
Stress psi 
Allowab.le psi 
Ratio 

Load combination 

Maxírnum displacement stress rat.i.o 

Point 
Stress psi 

Allowable psi 
!sat i.o 
Load ccmbination 

7010 
8731 
12740 
0.69 
GR + Ma.x P 

60JOF 
21553 
2i935 

Amb t:.o Tl 

* The system satisfies ASME
* for. the selected options

831.l cede �equirements � *
w * 

293 
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AlTACHMENT 6 

ILC PERO - M_h_IN STE�11 -- AS--OPERP.TING !v10DIFIED R2 
02/23/2006 I LO PERU ?OW�'.R í?U,N'l' 1- 8::iO# MP,IN STEAM BENTLEY 

01: 37 PM AS�O?ER MODIFIED PIPE. STRESS ANALYSISR2 AucoPlPE+8.Sl P.ESULT Pl\GE 6C'J4 

R E S 0 i, T 

Ma.xirnum sustained stress r.atio 

Point 
Stress ps.i 

Allo-,;able psi 

Ratio 

S U M �!A R Y

4145 

,539 

12·¡ 4 O 

0.59 

Load combination GR + Max P 

Maximum displacement stress ratio 

Pcint 

Stress psi 
Al.lowable psi 

!'<atio 

6030F 
21875 

21935 

1.00 

Load combination I>.mb to T3 

* * * 

* * * 

The system satisfies ASME B31.l 
fer the selected options 

code requirements 

783 

* • *
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PSA - PIPE STRESS ANAL YSIS 
L.R. ELB. - LONG RADIUS ELBOW (1.50) 
S.R. ELB. - SHORT RADIUS ELBOW (1.00) 
5 DIA - 5 DIAMETER SENOS (5.00) 
U.O.N. - UNLESS OTHERWISE NOTED 
SH - VARIABLE SPRING HANGER 
es - CONSTANT SPRING HANGER
ve - VERTICAL CONSTRAINT (FRICTION F=0.3) 
VS - VERTICAL SUPPORT (FRICTION F =0.3) 
LC - LATERAL CONSTRAJNT 
RH - ROO HANGER 
NS - NORTH/SOUTH CONSTRAINT 
EW - EAST /WEST CONSTRAINT 

TO UNITS 3 & 4 COMMON HEADER / 
CONTINUED ON SHT. 4 OF 6 � 

NODE No's LEGEND· 
1000 SERIES NOOE NO'S - UNIT 1 
2000 SERIES NODE NO'S - UNIT 2 
3000 SERIES NOOE NO'S - UNIT 3 
4000 SERIES NODE NO'S - UNIT 4 
5000 ele 6000 SERIES NODE NO'S - MS TO CONOENSER � 
7000 SERIES NOOE NO'S - UNITS 1 & 2 COMMON HEAOER TO WASTE HEAT BOILER 
8000 SERIES NODE NO'S - UNITS 3 & 4 COMMON HEADER TO SMEL TER 

12"'21707 
12SICP11) 

PSA WORK SKETCH • UNITS 1 & 2 
MAIN STEAM PPG & COMMON HEADER 

DETAil 'A' 
SEE SHT6 OF6 

/ 
/ 

/ 

NOIES.; 
1) ALL ELBOWS ARE CONSEDERED L.R. ELB. U.O.N. 

� STONE & WEBSTER INTERNATIONAL, INC 

TRACTEBEL - EnerSur 
ILO POWER PLANT 

UNITS N0.1, 2, 3 & 4 
� A SHAW GROUP COMPANY 

SKETCH NO. 102899-PSA-MS--01 SHT 1 OF8 



TO UNITS3&4 
COMMON HEADER 

CONTINUED ON ( G 
SHT. 40F 6 

�
3050 

� 
3040 

� #' 
30351 ... _,_,,,� 

-�"' 

314-0 

12'-17001 
(PIPEID 12S80P11) 

DETAil 'E' 
,, ,�<$>

,,,,rfa, SEE SHT 8 OF 6 
� TO UNITS 3& 4 

COMMON HEADER

�
CONTINUED ON

,,,� HT.40F8

12' -680-1700 
'(PIPEID 12S80P11) 

��
���

"' 

-��a-+--.J. 

��-·:,,'� 
c,�·,<�,t\ .,, 
�E>� 

� 

F 

12'-1701, 

(PIPEDI 12SBOP11) 

NOTE: FOR LEGENDS ANO NOTES SEE SHT.1 OF 6
PSA WORK SKETCH • UNIT 3
MAIN STEAM PIPING SYSTEM

¡� STONE & WEBSTER INTERNATIONAL, INC
� A SHAW GROUP COMPANY 

TRACTEBEL • EnerSur
ILO POWER PLANT 

UNITS N0.1, 2, 3 & 4

SKETCH NO. 102899-PSA-MS-01 SHT 2 OF 6 



4010 

42' 

'10II 
!141111,._ 
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TOUNITS3 &4 

COMMON HEADER 

CONTINUED ON 

SHT.4OF6 

14"-417, 
(Plf'EDI 14S80P11) 

iffi 
<?'� 

.,� 

� 
..... -1 

� ,"!>t> 
� .... 

1 

� 

12'-41703 
'(PIPEDI 12SeOP11) 

NOTE: FOR LEGENDS ANO NOTES SEE SHT. 1 OF 6 

PSA WORK SKETCH • UNIT 4 

MAIN STEAM PIPING SYSTEM 

A
STONE &: WEBSTER INTERNATIONAL, INC 
A SHAW GROUP COMPANY 

TRACTEBEL - EnerSur 

ILO POWER PLANT 

UNITS NO. 1, 2, 3 & 4 

SKETCH NO. 102899-PSA-MS-01 SHT30F6 



/4, 

CONTINUED 

ABOVE 

18 

TO TURBINE #4 
CONTINUED ON 

SHT.30F6 

2q 

TO BOILER#3 

CONTINUED ON 
SHT. 2 OF6 

... 
1��-lffl(CS) 

13" 

TO TURBINE #3 

CONTINUED ON 
SHT. 2 OF6 

DETAil 'C' 
SEE SHT 60F6 

TO CONDENSER 

CONTINUED ON 
SHT. 50F6 

82'0 

, 

:• 
. 

NOTE: FOR LEGENDS ANO NOTES SEE SHT. 1 OF 6 

PSA WORK SKETCH • UNITS 3 & 4 

MAIN STEAM COMMON HEADER 

/�\ 
STONE & WEBSTER INTERNATIONAL, INC
A SHAW GROUP COMPANY 

TRACTEBEL • EnerSur 

ILO POWER PLANT 

UNITS NO. 1, 2, 3 & 4 

SKETCH NO. 102899-PSA-MS--01 SHT 4 OF 6 



TO UNITS 3&4 
COMMON HEADER 

CONTINUED ON 
SHT. 40F6 

TI' 

6'-1702 
(PIPEID6S80P11) 

10 

�e�/:u.:]o-

B.o, .!l.�ye. F

-::..,itf!' 
.•.1. B.o, 

��C!f 

7050 � 
706! @ 

TO UNITS 1 & 2 

�35

COMMPN HEADER 8.0' 

CONTINUED ON 
SHT.1 OF 6 

9 

8'-1709 
(PIPEID 8S80P11) 
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NONMANDATORY APPENDIX V 

RECOMMENDED PRACTICE FOR OPERATION, MAINTENANCE, 

ANO MODIFICATION OF POWER PIPING SYSTEMS1

FOREWORD 

The B31.1 Power Piping Code prescribes minimum 
requirernents for the construction of power and aux:iliary 
service piping within the scope of para. 100.1. The Code, 
however, <loes not provide rules or other requirements 
for a determination of optirnurn system function, effec
tive plant operations, or other rneasures necessary to 
assure the useful life of piping systems. These concems 
are the responsíbility of the designer and, after construc
tion turnover, the Operating Company personnel 
responsible for plant activities. 

Past experience has shown that a need exists for the 
definition of acceptable plant practices for achieving 
both reliable service and a predictable life in the opera
tion of power piping systerns. This nonmandatory 
Appendix is intended to serve that purpose. For this 
objective, Appendix V is structured in three parts that 
recognize and address the following basic concepts. 

operatíon: the design of a piping system is based on 
specified service requirernents and operating limita
tions. Subsequent operation within these defined limits 
is assumed and, for sorne systems, will be important for 
an acceptable service life. 

maintenance: the design of a piping system assumes that 
reasonable maintenance and plant service will be pro
vided. The lack of this support will, in sorne cases, intro
duce an increasing degree of piping system life 
uncertainty. 

modifications: future modifications of a piping system or 
its operational functions are not assumed in original 
design unless specified. Modifications must not invali
date the integrity of a piping system design. 

The practices in Appendix V are recommended for 
all plants and systems within the scope of the Power 
Piping Code, both for new construction and for existing 
plants in operation. An acceptable implementation of 
these or equivalent practices will be beneficia! for new 
systerns. The application of these practices is recom
mended for power piping systems in operating plants. 

The recommended practices in this Appendix define 
rninimum requirernents for establishing a program to 

-

1 
Nonmandatory Appendices are identified by a Rornan numeral; 

mandatory Appendices are identified by a letter. Therefore, Rornan 
numeral I is not used in order to avoid confusion with the letter I.
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accommodate the basic considerations for piping system 
operation, maintenance, service, modification, and com
ponent replacernent. 

A record-keeping program is prescribed that can serve 
as a point of reference for analyzing piping system dis
tortions or potential failures. Such a program is in tended 
to identify distortions or failures and assure compatibil
ity between the rnaterials and components of existing 
piping systems with those portions undergoing repair, 
replacernent, or modification. 

DEFINITIONS
2

Code: ASME Code for Pressure Piping, ASME 831.1 
Power Piping. 

component: equipment, such as vessel, piping, pump, or 
valve, which are combined with other components to 
form a system. 

critica/ píping systems: those piping systems which are 
part of the feedwater-steam circuit of a stearn generating 
power plant, and all systems which operate under two
phase flow conditions. Critica! piping systems include 
runs of piping and their supports, restraints, and root 
valves. Hazardous gases and liquids, at ali pressure and 
temperature conditions, are also included herein. The 
Operating Company rnay, in its judgment, consider 
other piping systems as being critica) in which case it 
may consider them as part of this definition. 

examination: an element of inspection consisting of inves
tigation of materials, components, supplies, or services 
to determine conformance to those specified require
ments which can be determined by such investigation. 
Examination is usually nondestructive and includes 
simple physical rnanipulation, gaging, and mea
surement. 

failure: that physical condition which renders a system, 
component, or support inoperable. 

maintenance: actions required to assure reliable and con
tinued operation of a power plant, including care, repai.r, 
and replacement of installed systerns. 

modification: a change in piping design or operation and 
accomplished in accordr\Ilce with the requirements and 
limitations of the Code. 

2 Toe definitions pertain specifically to this Appendix. 
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Operatíng Company: the Owner, user, or agent acting 
on behalf of the Owner who has the responsibility for 
performing the operations and maintenance functions 
on the piping systems within the scope of the Code. 

procedure: a document that specifies or describes how 
an activity is to be performed. lt may include methods 
to be employed, equipment or materials to be used, and 
sequences of operations. 

qualificatíon (personnel): demonstration of the abilities 
gained through training and/ or experience that enable 
an individual to perform a required function. 

renewal: that activity which discards an existing compo
nent and replaces it with new or existing spare materials 
of the same or better qualities as the original component. 

repaír: to restare the system or component to its designed 
operating condition as necessary to meet ali Code 
requirements. 

specífication: a set of requirements to be satisfied by a 
product, material, or process, indicating, whenever 
appropriate, the procedure by means of which it may 
be determined whether the requirements given are sati
sfied. 

V-1.0 GENERAL 

V-1.1 Application

V-1.1.1 This Appendix recommends mlillmum
requirements far programs to operate and maintain 
ASME B31-1 Power Piping systems and also for the 
repairs to these systems. 

V-1.1.2 Local conditions and the location of piping
systems (such as indoors, outdoors, in trenches, or bur
ied) will have considerable bearing on the approach to 
any particular operating and maintenance procedure. 
Accordingly, the methods and procedures set forth 
herein serve as a general guide. Toe Operating Company 
is responsible for the inspection, testing, operation and 
maintenance of the piping system and shall have the 
responsibility for taking prudent action to <leal with 
inherent plant conditions. 

V-1.2 Conformance

V-1.2.1 When conformance with time periods for
examination recommended in this document is imprac
tical, an extension may be taken if an evaluation demon
strates that no safety hazard is present. 

V-1.3 Requirements

V-1.3.1 This Appendix recommends that the follow
ing listed items be established and implemented: 

(A) complete design and installation records of the
"as built" large bore piping systems, including expan
sion joints, hangers, restraints, and other supporting 
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components. Toe Operating Company shall define those 
sizes considered to be large bore pipe. 

(B) records of operation and maintenance history.
(C) programs for periodic inspection and monitoring.
(D) procedures for reporting and analyzing failures.
(E) procedures for maintenance, repairs, and replace-

ments. 
(F) procedures for abandoning piping systems and

for maintaining piping systems in and out-of-service 
condition. 

(G) procedures for assuring that all personnel 
engaged in direct maintenance of such piping systems 
as defined in para. V-4.2.l(C) are qualified by training 
or experience for their tasks or work. 

V-2.0 OPERATING AND MAINTENANCE PROGRAM

V-2.1

Each Operating Company shall develop an operating
and maintenance program comprising a series of written 
procedures, keeping in mind that it is not possible to 
prescribe a single set of detailed operating and mainte
nance procedures applicable to ali piping systems. The 
operating and maintenance procedures shall include: 
personnel qualifications as defined by the Operating 
Company, material history and records, and supplemen
tary plans to be implemented in case of piping system 
failures. 

V-2.2

Each plant should maintain and file the following
documentation that exists for each unit: 

(A) current piping drawings
(B) construction isometrics (or other drawings) that

identify weld locations 
(C) pipeline specifications covering material, outside

diarneter, and wall thickness 
(D) flow diagrams
(E) support drawings
(F) support setting charts
(G) records of any piping system modifications
(H) material certification records
(I) records of operating events that exceed design cri

teria of the piping or supports 
(]) valve data 
(K) allowable reactions at piping connections to 

equipment 
(L) welding procedures and records

V-3.0 REQUIREMENTS OF THE OPERATING,
MAINTENANCE, AND MODIFICATION 
PROCEDURES 

V-3.1

Toe Operating Company shall have procedures for
the following: 
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(A) to perform normal operating and maintenance
work. T hese procedures s hall include sufficiently 
detailed instructions for employees engaged in  
operating and maintaining the piping systems. 

(B) to prescribe action required in the event of a pip
ing system failure or malfunction that may jeopardize 
personnel safety, safe operation, or system shutdown. 
Procedures shall consider 

(B.1) requirements defined for piping system oper
ations and maintenance and should include failure con
ditions under which shutdown may be required. 
Procedures should include both the action required and 
the consequence of the action on related systems or 
subsystems. 

(B.2) the designation of personnel responsible for 
the implementation of required action, and mínimum 
requirements for the instruction, training, and qualifica
tion of these personnel. 

(C) to periodically inspect and review changes in con
ditions affecting the safety of the piping system. These 
procedures shall provide for a system of reporting to a 
designated responsible person in order that corrective 
measures may be taken. 

(D) to assure that modifications are designed and
implemented by qualified personnel and in accordance 
with the provisions of the Code. 

(E) to analyze failures to determine the cause and
develop corrective action to minimize the probability of 
recurrence. 

(F) to intentionally abandon unneeded piping sys
tems, or portions thereof, and to maintain those which 
are out of service for extended periods of time as defined 
by the Operating Company. 

(G) to ensure that instruction books and manuals are
consulted in performing maintenance operations. 

(H) to log, file, maintain, and update instruction
books. 

(I) to log operating and maintenance records.
(J) to periodically review and revise procedures as

dictated by experience and changes in conditions. 

V-4.0 PIPING ANO PIPE SUPPORT MAINTENANCE
PROGRAM ANO PERSONNEL 
REQUIREMENTS 

V-4.1 Maintenance Program

V-4.1.1 Toe maintenance program shall include the
following listed features: 

(A) a purpose for the program
(B) the frequency for performing all elements of main' tenance and inspection listed in the program 
(C) generic requirements as related to initial hanger

positions at time of unit startup, changes and adjust
ments in hanger positions at periodic inspections, and 
review of manufacturer's instruction and maintenance 
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rnanuals applicable to cornponents included in the 
prograrn 

(D) updating and rnodification as rnay be desirable
by reason of Code revisions and technological advances 
or other considerations 

(E) steps to keep rnaintenance and inspection person
nel aware of program revisions 

V-4.2 Personnel

V-4.2.1 To the extent necessary for conforrnance with
the maintenance program of the Operating Cornpany, 
only qualified and trained personnel shall be utilized 
for the following: 

(A) observation, rneasurernent, and recording the
position of piping systems and hanger readings 

(B) adjustment of hangers and ali other components
of support and restraint systerns 

(C) repair and periodic maintenance routines includ
ing, but not limited to 

(C.1) routine piping assembly, including welding 
of integral attachments 

(C.2) rnechanical repair of valves, traps, and similar 
types of piping specialty components, including 
packings 

(C.3) removal and replacement of piping insulation 
(C.4) lubrication of applicable piping and hanger 

components, such as valves and constant supports, 
maintenance of fluid levels in hydraulic restraints; and 
stroking of hydraulic and mecha ni cal dynamic restraints 
(snubbers) 

(C.5) routine surveillance for changing conditions 
including changes in position of piping and settings of 
piping hangers and shock suppressors (snubbers) 

V-4.2.2 Review of records and failure reports and
decisions conceming corrective actions or repairs should 
be carried out by or under the direction of a qualified 
piping engineer. 

V-4.2.3 Welding and Heat Treatment Personnel
(A) Welders shall be qualified to approved welding

procedures. Qualification of weld procedures and the 
qualification performance of the welder shall be in 
accord with the requirernents of para. 127.5. 

(B) Trained personnel shall perform preheat and post
heat treatment operations as described in the require
rnents of para. 131. 

V-4.2.4 Examination, lnspection, and Testing Person
neL Trained personnel shall perform nondestructive 
exarninations (NDE), including visual inspections and 
leak tests (LT), all in accord with the requirements uf 
para. 136. 

V-5.0 MATERIAL HISTORY

V-5.1 Records

V-5.1.1 Records shall be maintained to the extent
necessary to permit a rneaningful failure analysis or 
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reconstruction of a prior condition should the need arise. 
These records may be limited to those systems identified 
as critica! as defined herein. 

V-5.1.2 Toe records listed below are recommended
for inclusion in the materials history and, where possi
ble, be traceable to specific components in a piping 
system. 

(A) procurement documents including specifications
(B) original service date and operating conditions
(C) list of materials, both original and replacement,

with system location and material specification 
(D) physical and mechanical properties from material

test reports (if available), including, the following as 
applicable: 

(D.1) Manufacturer's Material Test Reports or Cer-
tificate of Conformance 

(D.2) chemical analysis 
(D.3) impact tests 
(D.4) special p rocessing, i.e., heat treatment, 

mechanical working, etc. 
(E) wall thicknesses where available from construc

tion or maintenance records, including design mínimum 
wall requirements 

(F) record of alterations or repairs
(G) nondestructive examination reports (including

radiographs, if available) 
(H) special coatings, linings, or other designs for cor

rosion or erosion resistance 
(I) failure reports

V-5.2 failure Reports

V-5.2.1 Toe Operating Company shall be responsible
for investigating all material failures in critica! piping 
systems. Toe cause for failure shall be established. A 
report of the results of this investigation shall be 
included in the material history file and shall, as a míni
mum, contain the following information: 

(A) summary of design requirements
(B) record of operating and test experience of failed

components 
(C) any previous history of the component
(D) any special conditions (corrosion, extraordinary

loads, thermal excursions, etc.) which may have contrib
uted to failure 

(E) conclusions as to cause
(F) recommendations for corrective actions to mini

mize recurrence 
(G) corrective actions that were taken, including veri

fication of satisfactory implementation 
(H) corrective action details and recommendations,

if any, for similar action in other piping systems 

V-5.3 Restoration After failure

V-5.3.1 Defective component(s) shall be repaired or
replaced with comparable or upgraded materials per
missible by this Code after evaluation of the failure and 
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taking into account conclusions as to cause. Even when 
materials are replaced by same or upgraded items, a 
formal failure report should follow as in para. V-5.2. 

V-5.3.2 Care shall be exercised when replacing sys
tem components to ensure no parts of the system are 
overstressed. The stresses in the repaired system shall be 
equal to or less than the original stresses unless analysis 
permits increased stresses. During the replacement of 
the component, the piping system should be temporarily 
supported or restrained on both sirles of the component 
to be removed so as to maintain its as-found cold posi
tion until the component(s) is (are) installed. If the 
desired piping position cannot be maintained, an analy
sis shall be made to determine the reason for the prob
lem. A new stress analysis may be necessary. Care shall 
be exercised when working on a system that has been 
subjected to self-springing or cold pull. 

V-5.3.3 Weld preparations and fit-up of the weld
joints shall meet the requirements of Chapter V. 

V-5.3.4 Welding procedures and preheat/postheat
treatments of the weld joints shall meet the minimum 
requirements of Chapter V. 

V-5.4 Weld Records

V-5.4.1 Records shall be maintained for ali welds in 
critica! piping systems. These records shall include, but 
not be limited to, the following: 

(A) original installation records, where available
(B) repair and modification welds including excava-

tion location and depth
(C) welding procedures and qualification tests
(D) nondestructive examination reports

(E) heat treatrnent performed

V-5.5 lnspection Program for Materials With Adverse
History 

V-5.5.1 Materials that have been reported to the
industry to exhibit an adverse performance under cer
tain conditions shall be given special attention by the 
Operating Company through a program of planned 
examination and testing. This program shall include the 
development of procedures for repair or replacement of 
the material when the Operat4"tg Company determines 
that such action is necessary. 

V-5.5.2 Methods of surveillance and analysis shall 
be determined by the Operating Company. 

V-5.5.3 Toe frequency of the material inspection shall
also consider the expected service life of the component. 

V-5.6 Nondestructive Examination

V-5.6.1 Nondestructive examinations used to inves
tiga te any suspect materials or problem areas shall be 
in accordance with Chapter VI. 
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V-6.0 PIPING POSITION HISTORY

V-6.1 General

V-6.1.1 Movements of critical piping systems from
their design locations shall be used to assess piping 
integrity. Toe Operating Company shall have a program 
requiring such movements be taken on a periodic basis 
along with a procedure precluding the unnecessary 
removal of insulation when measurements are taken; 
refer to para. V-6.3. Piping system movement records 
shall be maintained. Toe Operating Company shall eval
uate the effects of position changes on the safety of the 
piping systems and shall take appropriate corrective 
action. 

V-6.1.2 Although the Code recognizes that high tem
perature piping systems seldom retum to their exact 
original positions after each heat cycle due to relaxation, 
critica] piping systems as defined herein, must be main
tained within the bounds of engineering evaluated limi
tations. 

V-6.2 Visual Survey

V-6.2.1 Toe critical piping systems shall be observed
visually, as frequently as deemed necessary, and any 
unusual conditions shall be brought to the attention of 
personnel as prescribed in procedures of para. V-3. l. 

, Observations shall include determination of interfer
ences with or from other piping or equipment, vibra
tions, and general condition of the supports, hangers, 
guides, anchors, supplementary steel, and attach
ments, etc .. 

V-6.3 Piping Position Markers

V-6.3.1 For the purpose of easily making periodic
position determinations, it is recommended that perma
nent markings on critica] piping systems be made by 
providing markings or pointers attached to piping com
ponents. Toe position of these markings or pointers 
should be noted and recorded with respect to stationary 
datum reference points. 

V-6.3.2 Placement of pointers shall be such that per
sonnel safety hazards are not created. 

V-6.4 Hangers and Supports on Critical Piping
Systems and Other Selected Systems 

V-6.4.1 Hanger position scale readings of variable
and constant support hangers shall be determined peri
odically. It is recommended that readings be obtained 
while the piping is in its fully hot position, and if practi
ca!, when the system is reasonably cool or cold sometime 
during the year as permitted by plant operation. Pipe 
temperature at time of reading hangers shall be rec
orded. 

V-6.4.2 Variable and constant support hangers,
vibration snubbers, shock suppressors, dampeners, slide 
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supports and rigid rod hangers shall be maintained in 
accordance with the limits specified by the manufactur
ers and designers. Maintenance of these items shall 
include, but not necessarily be limited to, cleaning, lubri
cation and corrosion protection. Ali dynamic restraints 
(snubbers) should be stroked periodically. 

V-6.5 Records on Critical Piping Systems and Other
Selected Systems 

V-6.5.1 Pipe location readings and travel scale read
ings of variable and constant support hangers shall be 
recorded on permanent log sheets in such a manner that 
will be simple to interpret. See Fig. V-6.5 for suggested 
hanger record data sheet. Records of settings of all hang
ers shall be made before the original commercial opera
tion of the plant. Log sheets should be accompanied by 
a pipe support location plan or piping system drawing 
with hanger mark numbers clearly identified. ln addi
tion, records are to be maintained showing movements 
of or in expansion joints including records of hot and 
cold or operating and shutdown positions, particularly 
those not equipped with control rods or gimbals. 

V-6.6 Recommendations

V-6.6.1 After complete examination of the records
(para. V-6.5), recommendations for corrective actions 
needed shall be made by a piping engineer or a qualified 
responsible individual or organization. Repairs and/ or 
modifications are to be carried out by qualified mainte
nance personnel for all of the following items: 

(A) excessively corroded hangers and other support
components 

(B) broken springs or any hardware ítem wh.ich is
part of the complete hanger or support assembly 

(C) excessive piping vibration; valve operator shak
ing or movements 

(D) piping interferences
(E) excessive piping deflection which may requüe the

installation of spring units having a greater travel range 
(F) pipe sagging which may require hanger adjust

ment or the reanalysis and redesign of the support 
system 

(G) hanger unit riding at either the top or the bottom 
of the available travel 

(H) need for adjustment of hanger load carrying
capacity 

(I) need for adjustrnents of hanger rods or tumbuckle
for compensation of creep or relaxation of the piping 

(]) loase or broken anchors 
(K) inadequate clearances at guides
(L) inadequate safety valve vent clearances at outlet

of safety valves 
(M) any failed or def0rmed hanger, guide, U-bolt,

anchor, snubber, or shock absorber, slide support, damp
ener, or supporting steel 



Company _____________ _ System _____________ _ 

Plan! Name ____________ _ Unlt No. _____________ _ 

Design 

Elev. Cold 
Rlgld & Variable [Note (3)1, Date: 
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Hanger Hanger Hanger Design Design 
Design Load, 
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No. [Note (1)1 [Note (2)1 Mvt. lb Travel H e (4) 

NOTES: 

(1) Hanger size to be taken from hanger fabrication drawing.

(2) For constan! support and variable support types indicate by CS or VS. For rigid, anchor, guide, sliding, or other type

support, indicate by letter R, ,A, G, or S, respectively.

(3) Elevation of center line of pipe after cold springing and final hanger settings with line cold.

(4) "O" indicated the highest scale position with "5" being the midpoint, and "10" being the lowest scale position.

Fig. V-6.5 Hanger Record Sheet 
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(N) unacceptable movements in expansion joints
(O) low fluid levels in hydraulic pipe restraints

V-7 .O PIPING CORROSION

V-7.1 General

V-7.1.1 This section pertains to the requirements for
inspection of critica} piping systems that may be subject 
to interna} or externa} corrosion-erosion, such as buried 
pipe, piping in a corrosive atmosphere, or piping having 
corrosive or erosive contents. Requirements for inspec
tion of piping systerns in order to detect wall thinning 
of piping and piping components due to erosion/ corro
sion, or flow-assisted corrosion, is also included. Ero
sion / corrosion of carbon steel piping may occur at 
locations where high fluid velocity exists adjacent to the 
metal surface, either due to high velocity or the presence 
of sorne flow discontinuity (elbow, reducer, expander, 
tee, control valve, etc.) causing high levels of local turbu
lence. The erosion/ corrosion process may be associated 
with wet steam or high purity, low oxygen content water 
systems. Damage may occur under both single and two
phase flow conditions. Piping systerns that may be dam
aged by erosion/corrosion include, but are not limited 
to, feedwater, condensate, heater drains, and wet steam 
extraction lines. Maintenance of corrosion control equip
ment and devices is also part of this section. Measures 
in addition to those listed herein may be required. 

V-7.1.2 Where corrosion is cited in this section, it is to
beconstruedtoincludeanymechanismofcorrosionand/ 
or erosion. Recommended methods for monitoring and 
detection, acceptancestandards,and repair / replacement 
procedures for piping components subjected to various 
erosion/ corrosion mechanisms, including flow-assisted 
corrosion, are provided in nonmandatory Appendix IV. 

V-7.1.3 Guidance for the evaluation and monitoring
of carbon steel piping susceptible to erosion / corrosion 
(flow assisted corrosion) is provided in Appendix IV, 
para. IV-5.0. 

V-7.2 Procedures

V-7.2.1 Toe Operating Company shall establish pro
cedures to cover the requirements of this paragraph. 

V-7 .2.2 Procedures shall be carried out by or under the
direction of persons qualified by training or experience in 
corrosion control and evaluation of piping systems for 
corrosion damage. 

V-7 .2.3 Procedures for corros ion control shall incl ude,
but not be limited to the following: 

(A) maintenance painting to resist external ambient
conditions 

(B) coating and/or wrapping for externa} protection
of buried or submerged systems 
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(C) liningto resist internal corrosion from system fluid
when applicable 

(D) determining the amount of corros ion or eros ion of
the piping system internals caused by the flowing fluid 

(E) determining the amount of external corros ion
caused by ambient conditions, such as atmosphere, bur
ied in soil, installed in tunnels or covered trenches, and 
submerged underwater 

(F) preparing records which shall include all known
leakage information, type of repair made, location of 
cathodically protected pipe, and the locations of cathodic 
protection facilities including anodes 

(G) examining records from previous inspection and
performing additional inspections where needed for his
torical records 

V-7.3 Records

V-7.3.1 Tests, surveys,and inspection records to indi
catetheadequacyofcorrosion control shall bemaintained 
for the service life of the piping system. This should 
include records of measured wall thickness and rates of 
corros ion. 

V-7.3.2 Inspection and maintenance records of
cathodic protection systems shall be maintained for the 
service life of the protected piping. 

V-7.3.3 Observations of the evidence of corrosion
found during maintenance or revision to a piping system 
shall be recorded. 

V-7.4 Examination of Records

V-7.4.1 Records shall be examined and evaluated by
trained personnel. 

V-7 .4.2 Where inspections or leakage history indica te 
that active corrosion is taking place to the extent that a 
safety hazard is likely to result, applicable portions of the 
system shall be replaced with corrosion resistant materi
als or with materials which are protected from corrosion, 
or other suitable modifications shall be made. 

V-7.5 Frequency of Examination

V-7.5.l Within 3 years after original installation, each
piping system shall be examined f?r evidence of corro
sion in accordance with the requirements established by
the Operating Company's procedures. Piping in severe
service or environmental conditions should be inspected
initially within a time frame commensurate with the
severity of the service or environment. Corrective mea
sures shall be taken if corrosion is above the amount
allowed for in the original design.

V-7.5.2 Continued examination shall be made at 
intervals based upon the results of the initial inspection, 
but not to exceed 5 years, with corrective meas u res being 
taken each time tha t active corrosion is found. 
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V-7.5.3 Examination for evidence of interna! corro-
sion shall be made by one of the following: 

(A) drilled hole with subsequent plugging

(B) ultrasonic test for wall thickness determination
(C) removal of representative pipe section at flange

connections or couplings 
(D) removal of short section of pipe
(E) radiography for evidence of wall thinning
(F) borescope or videoprobe examination
(G) a method equivalent to those above

V-7.5.4 Examinations for evidence of externa! corro
sion shall be rnade after rernoval of covering, insulation or 
soil on a representa ti ve short section of the piping systern 
taking into consideration varying soil conditions. 

V-8.0 PIPING ADDITION TO EXISTING PLANTS

V-8.1 Piping Classification

V-8.1.1 Piping and piping components which are
replaced, rnodified, or added to existing piping systems 
are to conform to the edition and addenda of the Code 
used for design and construction of the original systerns, 
or to later Code editions or addenda as determined by 
the Operating Company. Any additional piping systems 
installed in existingplants shall be considered asnew pip
ing and shall conform to the latest issue of the Code. 

V-8.2 Duplicate Components

V-8.2.1 Duplicates of original components and mate
rials arepermitted forpermanent replacements, provided 
the renewal is a result of reasonable wear and not the 
result of the irnproper application of the material, such as 
ternperature and corrosive environment. 

V-8.3 Replacement Piping and Piping Components

V-8.3.1 W here replacement cornponents differ from
the original components with respect to weight, dirnen
sions, layout, or rna terial, the design of the affected piping 
system shall be rechecked for the following design con
siderations. 

(A) Hangers and supports shall be adequate for addi
tional or altered distribution of weight. They shall accorn
modate the flexibility characteristics of the altered piping 
system. 

(B) Changes in stresses imposed on both existing and
replacernent components of the piping shall be evaluated 
and compensation shall be made to prevent overstress in 
any part of the entire altered piping system. 

V-9.0 SAFETY, SAFETY RELIEF, AND RELIEF VALVES

V-9.1 General

V-9.1.1 This section is applicable to safety, safety
relief, and relief valve installations (see Appendix II far 
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definitions of these terms.) Except as otherwise noted, ali 
reference to "safety" valve(s) shall be considered to 
include all three types. Safety valves shall be maintained 
in good working condition. Also, discharge pipes and 
their supports shall be inspected routinely and main
tained properly. Any evidence of blowback at the drip 
pan of open safety valve vent systems should be noted 
and its cause determined and corrected. 

V-9.2 Testing and Adjustment

V-9.2.1 Testing of safety valves far pressure setting
shall be in accordance with written procedures which
incorpora te the requirements of regulatory agencies and
manufacturer's instructions. Testing should be per
forrned just prior to a planned outage so that any requ i red
repair or maintenance, except spring and blowdown ring
adjustments, can be perforrned during the outage,
thereby assuring tight valves upon retum to service.

V-9.2.2 Thesettingor adjustmentof safetyvalvesshall
be done by personnel trained in the operation and mainte
nance of such valves. Safety valves shall be tested after 
any change in setting of the spring or blowdown ring. 
Appropriate seals should be used to assure that there is 
no unauthorized tarnpering with valve settings. Repairs 
to safety val ves and disassembly, reassembly, and / or 
adjustments affecting the pressure relief valve function, 
which are considered a repair, should be perfonned by an 
authorized repair organization. 3

V-9.3 Operation

V-9.3.1 Toe precautions stated in the manufacturer's
operating manual or instruction books shall be fallowed 
when operating safety valves. In general, these precau
tions will include the fallowing: 

(A) Hand lifting is permitted. Assistance, as required,
may be accornplished by the use of small wires or chains. 

(B) Striking or hammering the valve body shall not be 
permitted. Only the hand-test lever shall be used. 

(C) Attempts to stop leakage through the valvc seat
shall not be made by compressing the spring. 

V-10.0 DYNAMIC LOADING

V-10.1 Water Hammer

V-10.1.1 Water hammer includes any water or other
liquid transient event such as pressure surge or impact 
loading resulting from sudden or momentary change in 
flow or flow direction. 

3 Examples of organizations that may be authorized by the owner, 
or b y  the local jurisdiction, to perform repairs on safety valves 
include but are not limited to the original valve manufacturer or a 
repair organization that holds a National Board of Boiler and Pres
sure Vessel Inspectors (NB-23) VR stamp. 
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V-10.1.2 Should significant water hamrner develop
during plant operation, the cause should be determined 
and corrective action taken. Water hamrner could be the 

· result of an incorrectly sloped pipe intended for steam
condensate drainage. Water hamrner in piping systems
may cause damage to hangers, valves, instrumentation,
expansion joints, piping and equipment integral with the
piping. The Operating Company should develop proce
dures to deter water hammer and to determine when cor
rective action is necessary.

V-10.1.3 Water harnmer problems resulting from
accumulated condensate in a steam line cannot be solved 
simply by adding restraints. Corrective action may 

¡ 
include changing line slopes, adding drain pots, adding 
warm-up lines around valves, checking for leaking 
desuperheaters, faulty electrical controls on automatic 
drains, etc. 

V-10.1.4 Water harnmer due to column separation in
feedwater or booster pump suction piping results when 
the deaerator pegging pressure is not maintained. This 
type of water hammer can be particularly severe and 
requires prompt attention to control and reduce it. 

V-10.1.5 As a priority, corrective action should
address the cause of waterhammer first. If such corrective 
action is ineffective in reducing the effects of water ham-

., mer to acceptable levels, installation of restraints may be 
necessary to limit piping displacements and / or dama ge 
from fatigue. 

V-10.2 Steam Hammer

V-10.2.1 Dynamic loads due to rapid changes in flow
conditions and fluid state in a steam piping system are 
generally called steam hammer loads. Piping response to 
these momentary unbalanced loads can be significant in 
high pressure steam systems, such as main steam, hot and 
cold reheat steam, bypass and auxiliary steam systems 
that are subject to rapid interruption or establishment of 
ful} steam flow. 

V-10.2.2 The Operating Company should develop
procedures to determine any adverse effects of steam 

, hammer, such as excessive pipe movement, damage to 
hangers and restraints, and high pipe stress and reactions 
at pipe connections to equipment. W here such move
ments, stresses, and reactions exceed safe limits or allow
able loadings, a program of remedia} action should be 
implemented. 

V-11.0 HIGH-TEMPERATURE CREEP

V-11.1 General

V-11.1.1 Catastrophic failure, including rupture, can
occur due to excessive creep strains resulting from opera
tionof thepiping above design pressure, or temperatures, 

1 or both, for extended periods of time. The expected life 
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of a piping system operating in the creep range can be 
reduced significantly through prolonged exposure to 
pressure or temperature, particularly temperature, above 
design values. Paragraph 102.2.4 provides criteria for 
occasional short operating periods at higher than design 
pressure or temperature. 

V-11.1.2 This section provides the minimum require
ments for evaluating critica! piping systems in order to 
detect creep damage and to assist in predicting the 
remaining life under expected operating conditions. Toe 
remaining useful life may be estimated by determining 
the extent of creep damage sustained by the pipe. 

V-11.2 Procedures

V-11.2.1 TheOperatingCompany shall establish pro
cedures to cover the requirements of this paragraph. 

V-11.2.2 Toe procedures shall be carried out by or
under the direction of persons qualified by training or 
experience in metallurgical evaluation of high tempera
ture creep effects in power plant piping. 

V-11.2.3 An evaluation program to determine the
extent of creep damage and estímate remaining life of 
high temperature piping shall be carried out in three 
phases, as follows: 

(A) review of material specifications, design stress lev
els, and operating history. 

(B) indirect measurements to determine extent of
creep damage. These would include diametral measure
ments to detect creep swel ling. ln add i tion, dye penetrant, 
magnetic particle, ultrasonic, and radiographic methods 
may be used to detect interna! and surface cracks. 

(C) examination of the microstructure to determine the
degree of material degradation. This can be performed 
by replication techniques or by metallography using 
specimens obtained by boat-sampling or trepanning. 

V-11.3 Records

V-11.3.1 Records of creep damage evaluation survey
findings shall be maintained for the service life of high 
temperature pipingsystems operating in the creep range. 

V-11.4 Examination of Records

V-11.4.1 Records of creep damage surveys and test
reportsshall be examined by personnel qualified by train
ing and experience to evaluate and interpret NDE and 
metallographical studies. 

V-11.4.2 Where surveys and inspections of critica)
piping systems indica te that high temperature creep 
dama ge has progressed toan unacceptable leve), affected 
portions of the piping system shall be replaced. 

V-11.5 Frequency of Examination

V-11.5.1 Periodically, ali critica! p1pmg systems
operating within the creep range shall be examined for 
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evidence of high temperature creep damage. Particular 
attention shall be given to welds. 

V-11.5.2 The examination shall be repeated at peri
odie intervals which shall be established on the basis of 
earlier survey findings, operating history, and severity of 
service. 

V-12.0 RERATING PIPING SYSTEMS

V-12.1 Conditions

V-12.1.1 An existing piping system may be rerated
for use at a higher pressure and/ or temperature if all of 
the following conditions are met: 

(A) A design analysis shall be performed to demon
strate that the piping system meets the requirements of 
the Code at the new design conditions. 

(B) The condition of the piping system and support/
restraint scheme shall be determined by field inspections 
and the examination of maintenance records, manufac
turer's certifications, and / or other available information 
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to ensure conformance with the Code requirements for 
the new design conditions. 

(C) Necessary repairs, replacements, or alterations to
the piping system are made to conform with the require
ments prescribed in (A) and (B) above. 

(D) The system hasbeen leaktested to a pressureequal
to or greater than that required by the Code for a new 
piping system at the new design conditions. 

(E) The rate of pressure and temperature increase to
the higher maximum allowable operating conditions 
shall be gradual so as to allow sufficient time for periodic 
observations of the piping system movements and leak 
tightness. 

(F) Records of investigations, work performed, and
pressure tests conducted in rerating the piping systems 
shall be preserved for the service life of the piping 
systems. 

(G) All safety valves, relief valves, and other pressure
relieving devices must be examined, and recertified for 
the new pressure/temperature design conditions. 
Capacity of relieving equipment shall be investigated if 
the design pressure and/ or temperature are changed in 
rerating a piping system. 



SECTION 2 - Fitness-For-Service Engineering Assessment Procedure 
(Jan, 2000) 

2.1 General 

2.1.1 This document contains Fitness-For-Service (FFS) assessment procedures that can be used to 
evaluate pressurized components containing flaws or damage. lf the results of a fitness-for-service 
assessment indicate that the equipment is suitable for the current operating conditions, the 
equipment can continue to be operated at these conditions provided suitable monitoring/inspection 
programs are established. lf the results of the fitness-for-service assessment indicate that the 
equipment is not su ita ble for the current operating conditions, calculation methods are provided to 
rerate the component. For pressurized components (e.g. pressure vessels and piping) these 
calculation methods can be used to find a reduced Maximum Allowable Working Pressure (MA WP) 
and/or coincident temperature. For tank components (shell courses) the calculation methods can be 
used to determine a reduced Maximum Fill Height (MFH). 

2.1.2 The Fitness-For-Service ass@.ssment prooodures in this document are organized by flaw type and/or 
damage mechanism. A list of flaw types and dama.ge mechanisms and the corresponding section 
which provides the FFS assessment methodology is shown in Table 2.1. In sorne ca$eS. it may be 
necessary to use the assessment prooodures from multiple sectiot"ls if the prlrnary type of damage is 
not evident. For example. the metal loss in a cornponent may be associated with general corrosion. 
local corrosion and pitting. lf multiple damage mechanisms are present, a degradation class, e.g" 
corrosion/erosion, can be ldentified to as.sis.t in the evaluatlon. An ov Iview of degradation classes 
in this document is shown in Figure 2.1. As indicated in this figure, severa! flaw types and damage 
mechanisms may need to be evaluated to determine the Fitness-For-Servlce of a component Each 
section referenced withln a degraditlon cl�ss includes guidance on how to perform an asse sment 
when multiple damage mechanisms are present. 

2.1.3 The general Fitness-For-Service assessment procedure used in this Recommended Practice (RP) 
for all f!aw types is provided in this section. An overview of the procedure is provided in the following 
eight steps. The remaining sections in this RP utilize this assessment methodology for a specific 
flaw type or damage mechanism and provide specific details covering Steps 2 through 8 of this 
procedure. 

2.1.3.1 step 1- Flaw and Damage Mechanism ldentification: The firat step in a Fitness-For-Service 
assessment is to identify the flaw type and cause of damage (see parngraph 2.1 2). The original 
design and fabrication praotices. the material of construction. and the service history and 
environmental conditions can be used to ascertain the llkely cause of the damage. An overview of 
damage mechanisms which can assist in identifying likely causes of damage Is provlded in AppendIx 
G, Once the flaw type is identified, the appropriate section of this document can be selected far the 
assessment (see Table 2.1 and Figure 21 ). 

2.1.3.2 Step 2 - App/icability and Limitations of the FFS Assessment Procedures: The applicability and 
limitations of the assessment procedure are described in each section, and a �ecision on whether to 
proceed with an assessment can be made. 

2.1.3.3 Step 3- Data Requirements: The data required for a FFS assessment depend on the flaw type or 
damage mechanism being evaluated. Data requirements may include original equipment design 
data, information pertaining to maintenance and operational history, expected future service, and 
data specific to the FFS assessment such as flaw size, state of stress in the component at the 

location of the flaw, and material properties. Data requirements common to ali FFS assessment 
procedures are covered in this section. Data requirements specific te a damage mechanism or flaw 
type are covered in the section containing the corresponding assessment procedures. 

2-1
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Step 4 - Assessment Techniques and Acceptance Gritería: Assessment techniques and acceptance 
criteria are provided in each section. lf multiple damage mechanisms are present, more than one 
section may have to be used far the evaluation. 

Step 5 - Remaining Lite Evaluation: An estímate of the remaining lite or limiting flaw size should be 
made far the purpose of establishing an inspection interval. The remaining lite is established using 

the FFS assessment procedures with an estímate of future damage. The remaining life can be used 
in conjunction with an inspection code to establish an inspection interval. 

$tep 6 - Remediation: Remediation methods are provided in each section based on the damage 
mechanism or flaw type. In sorne cases, remediation techniques may be used to control future 
damage associated with flaw growth and/or material degradation. 

Step 7 - ln-Service Monitoring: Methods far in-service monitoring are provided in each section 
based on the damage mechanism or flaw type. ln-service monitoring may be used for those cases 
where a remaining lite and inspection interval cannot adequately be established because of the 
complexities associated with the service environment. 

Step 8 - Oocumentation: Oocumentation should include a record of ali information and decisions 
made in each of the previous steps to qualify the component for continued operation. Oocumentation 
requirements common to all FFS assessment procedures are covered in this section. 
Documentation requirements specific to a damage mechanism or flaw type are covered in the 
section containing the corresponding assessment procedures. 

Applicabílity And Limitations Of The FFS Assessment Procedures 

The FFS assessment procedures in this document were developed to assess components with a 
flaw resu!ting from single or mu!tip!e damage mechanisms. In the context of this document, a 
component is defined as any pressurized part that is designed using a nationally recognized code or 
standard (see paragraph 2.2.2). Equipment is defined to be an assemblage of components. 
Therefore, the pressurized equipment covered in this document includes ali pressure boundary 
components of pressure vessels, piping, and tank shelf courses of storage tanks Fitness-for-service 
procedures for fixed and floating roof structures, and bottom plates of tanks are covered in Section 2 
of AP! 653. 

The FFS assessment procedures in this document were developed assuming that the component 
was designed and fabrlcat@d to a recognlzed code or standard (se.e Section 1, paragraphs 1.2.2 nd 
1.2.3). 

For equipment components that are discovered to not have been designed. or constructed to the 
original design criteria. the principies In this document may be used to �Vi¡lluat the ln-service 
damage and as-built condition relative to the intended design. FFS aasessments of this type shall 
be petiorrned by an Englneer (see Section 1, paragraph 1.4.3) knowledgt=ªble �nd experienced in 
the design requirements of the applicable code. 

Each section in this document where FFS Assessment procedures are described include a segment 
which states the appiicability and limitations of the procedures. The limitations and applicability of an 
analysis procedure are stated relative to the Level of Assessment (see paragraph 2.4). 

Data Requirements 

Original Equipment Design Data 

The following original equipment desi9n data should be assembled to perform a FF,"1' assessment. 
The extent of the data requlred depends on the da!T\age mechan�m and aesessment leve! A dat 
sheet is included in Table 2.2 to record the required information that is common to ali Ff S 
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assessments. In addition, a separate data sheet is included with each section of this document to 
record information specific to the flaw type, damage mechanism, and assessment procedure. 

a. Data for pressure vessels may include sorne or all of the following:

1. An ASME Manufacturer's Data Report or, if the vessel is not Code stamped, other
equivalent documentation or specifications.

2. Vessel fabrication drawings showing sufficient details to permit calculation of the

MA WP of the component containing the flaw. lf a rerate to a different condition of
pressure and/or temperature is desired (i.e. increase or decrease in conditions), this
information should be available for ali affected components. Detailed sketches with data

necessary to perform MA WP calculations may be used if the original fabrication
drawings are not available.

3. The original ar updated design calculations far the load cases in Table A.1 of Append1x
A, as applic¡¡¡ble, and anchor bolt calculations.

4. The inspection records for the component at the time of fabrication.

5. User Design Specification if the vessel is designed to the ASME Code, Section VIII,
Division 2.

6. Material test reports.

7. Pressure-relieving device information including pressure relief valve and/or rupture disk
setting and capacity information.

8. A record of the original hydrotest including the test pressure and metal temperature at
the time of the test or, if unavailable, the water or ambient temperature.

b. Data for piping components may include sorne or all of the following:

1. Piping Line Lists or other documentation showing process design conditions, and a
description of the piping class including material specification, pipe wall thickness and
pressure-temperature rating.

2. Piping isometric drawings to the extent necessary to perform a FFS assessment The
piping isometric drawings should include sufficient details to permit a piping flexibility
calculation if this analysis is deemed necessary by the Engineer in arder to determine

the MAWP (maximum safe or maximum allowable operating pressure) of ali piping

components. Detailed sketches with data necessary to perform MA WP calculations
may be used if the original piping isometric drawings are not available.

3. The original or updated design calculations for the load cases in Table A.1 of Append1x
A. as applicible.

4. The inspection records for the component at the time of fabrication.

5. Material test reports.

6. A record of the original hydrotest including the test pressure and metal temperature at
the time of the test, or if unavailable, the water or ambient temperature

c. Data for tanks may include sorne or all of the following:

1. The original API data sheet
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2. Fabrication drawings showing sufficient details to permit calculation of the maximum fill

height (MFH) for atmospheric storage tanks and the MA WP for low pressure storage
tanks. Detailed data with sketch es where necessary may be used if the original
fabrication drawings are not available.

3. The original or updated design calculations for the load cases in Table A.1 of Append1x
A, as applicable, and anchor bolt calculations.

4. The inspection records for the component at the time of fabrication.

5. Material test reports.

6. A record of the last hydrotest performed including the test pressure and metal
temperature at the time of the test or, if unavailable, the water or ambient temperature.

12.3.1.2 lf sorne of these data are not available, physical measurements or field inspection of the component
should be made to provide the information necessary to perform the assessment. 

. 2.3.2 Maintenance And Operational History 

2.3.2.1 A progressive record including, but not limited to, the following should be available for the equipment 
being evaluated. The extent of the data required depends on the damage mechanism and 
assessment level. 

a. The actual operating envelope consisting of pressure and temperature, including upset
conditions should be obtained. lf the actual operating conditions envelope is not available. an
approximation of one should be developed based upon available operational data and
c-onsuttation with operating peí$onnal. An operatlng histogram may be requlred consist1t1g or

pressure and temperature data recorded simultaneousty for sorne types of FF-:'-; assessments
(e.g., Section 10.0 for components operating in the creep regime).

b. Documentation of any significant changes in service conditions including pressure,
temperature, fluid content and corrosion rate Both past and future service conditions should
be reviewed and documented.

c. The date of installation and a summary of ali alterations and repairs including required
calcutations, material changes, drawings and repair procedures. The calculations should

include the required wall thicknesses and MA WP (MFH for atmospheric storage tanks)
including definítion and allowances for supplemental loads such as static liquid head, wind,
and earthquake loads.

d. Records of ali hydrotests performed as part of the repair including the test pressure and metal
temperature at the time of the tests or, if unavailable, the water ar ambient temperature at the 
time of the test if known.

e. Results of prior in-service examinations including wall thickness measuref'T!ents and other
NDE results that may assist in determining the structural integrity of the component and in
establishing a corrosion rate.

f. Records of ali interna! repairs, weld build-up and overlay, and modifications of interna Is.

g. Records of "out-of-plumb" readings far vertical vessels.

h. Foundation settlement records if the corrosion being evaluated is located in the bottom shell
course of the tank.
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2.3.2.2 lf sorne of these data are not available, physical measurements should be made to provide the 
information necessary to perform the assessment. 

2.3.3 Required Data/Measurements For A FFS Assessment 

2-5

2.3.3.1 Each section in this document which contains FFS assessment procedures includes specific 
requirements for data measurements and flaw characterization based on the damage mechanism 

. being evaluated. Examples of flaw characterization include thickness profiles for local 
corrosion/erosion, pitting depth, and dimensions of crack-like flaws The extent of information and 
data required far a FFS assessment is dependent on the assessment level and damage mechanism 
being evaluated. 

2.3.3.2 The Future Corrosion Allowance {FCA) should be stablished for the intended fl-!tur opernting 

period. The F( :4 should be based on past inspection information or corrosion rate data relativa to 
the component material In a similar environment. Corrosion rate data may be obtained from API 
Publlcation 581 or other sources (se paragraph A.2. 7 of Appendix A). Th@ }."('A Is calculated by 
multiplying the antlcipated corrosion rnte by the future service period considering inspection lnterval 
requirements of the applicable inspection code, The f. ;.-s assessment procedures in thls document 
inciude provisions to ensure that the .FC-4 is �vl!lllable for the future lntended cperntlng perlod. 

2.3.4 Recommendations For lnspection Technique And Sizing Requirements 

Recommendations for Non Destructive Examination (NDE) procedures with regard to detection and 
sizing of a particular damage mechanism and/or flaw type are provided in each section. 

2.4 Assessment Techniques And Acceptance Criteria 

2.4.1 Three Levels of assessment are provided in each Section of this document which cover FFS 
assessment procedures. A logic diagram is inc!uded in each Section to illustrate how these 
assessment levels are interrelated. In general, each assessment level provides a balance between 
conservatism, the amount of information required far the evaluation, the skill of the personnel 
performing the assessment, and the complexity of analysis being performed Leve! 1 is the most 
conservative, but is easiest to use. Practitioners usually proceed sequentially from a Leve! 1 to a 
Leve! 3 analysis (unless otherwise directed by the assessment techniques) if the current assessment 
level does not provide an acceptable result, or a clear course of action cannot be determined. A 
general overview of each assessment level and its intended use are described below. 

2.4.1.1 Leve/ 1 - The assessment procedures included in this leve! are intended to provide conservative 
screening criteria that cmn be utillzed with a minimum amount of inspection or component 
information. Level 1 assessments may be performed by either plmnt inspection or engineering 
personnel (see Section 1, paragraphs 1.4.2 and 1.4.3). 

2.4.1.2 Leve/ 2 - The assessment procedures included in this leve! are intended to provide a more detailed 
evaluation that produces results that are more precise than those from a Levei-1 assessment In a 
Leve! 2 Assessment, inspection information similar to that required for a Leve! 1 assessment are 
needed; however, more detailed calculations are used in the evaluation. Level 2 assessments would 
typically be conducted by plant engineers, or engineering specialists experienced and 
knowledgeable in performing FFS assessments. 

2.4.1. 3 Leve! 3 - The assessment procedures included in this leve! are intended to provide the most detailed 
evaluation which produces results that are more precise than those from a Leve! 2 assessment In a 
Leve! 3 Assessment the most detailed inspection and component information is typically required, 
and the recommended analysis is based on numerical techniques such as the finite element method. 
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A Level 3 analysis is primarily intended far use by engineering specialists experienced and 
knowledgeable in performing FFS assessments. 

2.4.2 Each of the FFS assessment methodologies presented in this document utilize one or more of the 
following acceptance criteria: 

2.4.2.1 Allowabfe Stress - This acceptance critería is based upon calculation of stresses resulting from 
different loading conditions, classification and superposition of stress results. and comparison of the
calculated stresses in an assigned eat@goty or elass to an allowable stress value. An overview and 
aspects of these acceptance criteria are included in Appendix B. The allow¡¡,¡ble stress value is 
typically established as a fraction of yield. tenslle ar rupture stress at room and the service 
temperature, and this fraetion ean be assoeiated with a design margin. Thls acceptemce criteria 
method is currently utilizad in most new construction design codes. In 1-;.;,; applicatlons. this method 
has proven to have llmlted applicabillty because of the difficuity in establlshing sultable stress 
classifications for components containing flews. As an alternativa, assessment methods based on 
elastio-plastic analysis can be used (see Append1x B. paragraph B.6.4), Elastic-plastic analysis 
methods were used to develop the Remaining Strength Factor (see paragraph 2.4.2.2) . 

. 2.4.2.2 Remaining Strength Factor - Structural evaluation procedures using linear elastic stress analysis 
with stress classification and allowable stress acceptance criteria provide only a rough approximation 
of the loads which a component can withstand without failure. A better estímate of the safe load 
carrying capacity of a component can be provided by using nonlinear stress analysis to: develop limit 
and plastic collapse loads, evaluate the deformation characteristics of the component ( e.g. 
deformation ar strain limits associated with component operability), and assess fatigue and/or creep 
damage including ratcheting. 

a. In this document, the concept of a remaining strength factor is utilized to define the
acceptabilrty of a component far continued service. The Remaining Strength Factor (RSF) is
defined as:

where 

R,SF= LDC

l�t'
(2.1) 

LDc 
= Limit or plastic collapse load of the damaged component (component with

flaws). and 
Luc 

= Limit ar plastic collapse load of the undamaged component.

b. With this definition of the RS'
F

, acceptance crlteria can be establlshed uslng traditional code 
formulas, elastlc stress analysis, limit load theory. or elastic�plastlc analysis. Far example. to 
evaluate local thin areas (see Section 5), the FF.S' assessment procedLires provide a means ta 
compute a RS'F. lf the calculated RSF is greater than the allowable H,\'F (see below) the 
damaged component can be placed b�ck lnto servfce. lf the c®lc 11 ted R..\'f' is I ss than the 
allowable value, the component can be repaired. rerated or sorne form of remediation can be 
applied to reduce the severity of the operatlng environment The rerated pressure can be 
calculated from the RSF as follom: 

where 

A-1.4.WP = 1\1AWP -= 

( RSf')
,-

R5.r' 
" .

Ai4. WI', = 1H4 WI' tnr 

jór NS},. < u5;¡..
" 

(2.2) 

RSF� RSF " (2 3) 



Jan,2000 RECOMMENDED PRACTICE FOR FITNESS-FOR-SERVICE 2-7

A1A.Wf>,. = 

MAWP : 

RSF : 

RSFa = 

Reduoed permissible maximum allowable working pressure of the 
damaged component, 
Maximum allowable working pressure ofthe undarniaged component (see 
paragraph A.2.1 of Appendix A), 
Remaining strength factor computed based on the flaw and damage 
mechanism In the component. and 
Allowable remaining strength factor (see paragreph 2.4.2.2.d). 

c. For tankage, the RSF acceptance criteria is:

s( RSF) 
l\fFH, = AfF. -, - fár Rlffe < RSF

RSF 
,,

,, 

lvl 1- 'H r = J\4}, H tnr RS}'¿ 8Sf'" 

where RSF and RSFa are defined in paragraph 2.4.2.2.b and, 

(2.4) 

(2 5) 

MFH
r 

;; Reduced permissible maximum fill height of the datnaged tank course. 
and 

MFH = Maximum fill height ofthe undamaged eomponer1t (see para_graph A.2.1 
of Appendix A). 

d. The recommended value f-or the allowable Remeining Strength FBctor, H..,')'f- '" is O. 90 for
equipment In procese servioes. This value has been shown to be con$ervative (see Appe11d1x
H). This value may be reduced based upon the type of loading (e.g. normal opernting loads,
occasional loads, short-tlme upset conditions) and/or the consequence of failure. Far
example, a lower factor could be utilized for low pressure piping cont�ining a tlaw which
conveys cooling water. or for a shell section containing a flaw subject to normal opernting
pressure and deslgn wlnd loads.

2.4.2.3 Fai/ure Assessment Diagram - The Failure Assessment Diagram (FAD) is used far the evaluation of 
crack-like flaws in components. 

a. Tlle FAD approach was adopted because it provides a convenient. technically based method
to provlde a measure for the acooptabillty of a compone1"t with a crack-like flaw wh n the
failure mechanism is measured by two distinct criteria: unstable fracture and limit load.
Unstable fracture usually controls failure for small flaws in corr,ponents fabric ted from a brittle
material and plastlc collapse typically controls failure for large flaws if the compon�nt Is
fabricated from a material with high toughness. In a F'foS analysis of crack-like flaws, the
results from a stress analysls, stress lritensity factor and limit load solutlons, the material
strength, and fracture toughness are combined to calculate a toughness r tlo, A

º

, . and loact

ratio, L, . These two quantities repreaent the coordinate$ of a point whic:h is plotted on a two
dimenslonal fAI) to d@termlne acceptability. lf the assessment point is on ar below this
curve. then an acceptable margin below the postulated failure curve on the F.-1..D (the failure
curve represents the upper bound on component acceptability). the component is suitable for
continued operation. A schematlc which illustrates the prooodurn for evaluatlng a crack-like
flaw using the Failure Assessment Diagram is shown in Figure 2 2.

b. In the assessment of crack-like flaws, partial safety factors are utilized along with the FAD
acceptance criteria to account far variability of the input parameters in a deterministic fashion.
Three separate partial safety factors are utilized: a factor for applied loading; a factor for
material toughness; and a factor for flaw dimensions. The partial safety factors are applied to
the stresses resulting from a stípulated loadíng condítíon, the fracture toughness and the flaw
size parameters prior to the F AD analysis. The partíal safety factors recommended far use
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with Section 9 of this document (sea Table 9.2) were developed based upon the results of a 
series of probabilistic analyses of components with crack-like fl�W$, Other values for these 
factors may be used based on a risk assessment where the potentlal fc'lllure modes and type 
of loading (e.g .. normal operatlng loads. occasional loads. short-time upset conditions) are 
considered. 

c. The in-service margin for a component with a crack-like flaw provides a measure of how clase
the component is to the limiting condition in the F AD. The in-service margin is defined by
how far the assessment point, which represents a single operating condition, is within the
failure envelope of the F AD. This point is determined based on the results from stress and
fracture mechanics analyses after applying the three partial safety factors discussed above.
The in-service margin is defined to be greater than or equal to one when the point resides
underneath or on the F AD failure curve. The recommended mínimum allowable val u e far the
in-service margin is set at 1.0.

2.4.3 The FFS assessment procedures provided in this document are deterministic in that all information 
required for an analysis (independent variables) are assumed to be known. However, in many 
instances all of the important independent variables are not known with a high degree of accuracy. 
In such cases, conservative estimates of the independent variables are made to ensure an 
acceptable safety margin, and this approach can lead to overly conservative results. The following 
types of analyses can be used to provide insight into the dependency of the analysis results with 
variations in the input parameters. The deterministic FFS assessment procedures in this Practice 
can be used with any of these analyses. 

2.4.3.1 Sensitivity Analysis - The purpose of such an analysis is to determine if a change in any of the 
independent (input) variables has a strong influence on the computed safety factors. The sensitivity 
analysis should consider the effects of different assumptions with regard to loading conditions, 
material properties and flaw sizes. Far example, there may be uncertainties in the service loading 
conditions; the extrapolation of materials data to service conditions; and the type, size, and shape of 
the flaw. Confidence is gained in an assessment when it is possible to demonstrate that small 
changes in input parameters do not dramatically change the assessment results; and when realistic 
variations in the input parameters: on an individual or combined basis, still lead to the demonstration 
of an acceptable safety margin. lf a strong dependence on an input variable is found, it may be 
possible to improve the degree of accuracy used to establish the value of that variable. 

2.4. 3.2 Probabilistic Ana/ysis - The dependence of the safety margin on the uncertainty of the independent 
variables can be evaluated using this type of analysis. AII or a limited number of the independent 
variables are characterized as random variables with a distribution of values. Using Monte Cario 
simulation, first arder reliability methods or other analytical techniques, the failure probability is 
estimated. These methods can be used to combine a deterministic FFS assessment model with the 
distributions prescribed far the independent variable to calculate failure probabilities. Once a 
probability of failure has been determined, an acceptable level must be established based on multiple 
factors such as jurisdictional regulations and the consequence of failure. 

2.4.3.3 Partial Safety Factors - Individual safety factors that are applied to the independent variables In the 
assessment procedure. The partlal safety factor� are probabllistically o librated to reflect the effect 
that each of the independent variables has on the probability of failure. Partial safety factors are 
developed using probabillstic analysls techniques considering a deterministic model, distributions of 
the main independent variables of the model. and a target reliability or probability of failure. The 
advantage of this approach is that uncertainty can be introduced in an assessme11t by separately 
combining the partial safety factor-a with the independent variables in ª deterministic '3n lysis model: 
the format of the analysis is similar to that used by many design codes. Partial safety factors are 
only utilized in the assessment of crack-like fla'NS (see Section 9 and paragraph 2.4.2.3 b) 
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2.5 Remaining Life Assessment 

2-9

2.5.1 Once it has been established that the component containing the flaw is acceptable at the current 
time, the user should determine a remaining lite for the component The remaining lite in this 
document is used to establish appropriate inspection interval and/or in-service monitoring plan, or the 
need for remediation. The remaining life is not intended to provide a precise estímate of the actual 
time to failure. Therefore, the remaining life can be estimated based on the quality of available 
information, assessment level, and appropriate assumptions to provide an adequate safety factor for 
operation until the next scheduled inspection. 

2.5.2 Each FFS assessment section in this document provides guidance on calculating a remaining life In 
general, the remaining lite can be calculated using the assessment procedures in each section with 
the introduction of a parameter that represents a measure of the time dependency of the damage 
taking place. The remaining life is then established by solving for the time to reach a specified 
operating condition such as the MA WP ( MFH) or a reduced operating condition 

MAWP,. (MFHr) (see paragraph 2.4.2.2.b). 

2.5.3 Remaining life estimates will fall into one of the following three general categories. 

2.5.3.1 The Remaining Lite Can be Calculated With Reasonable Certainty -An example is general uniform 
corrosion, where a future corrosion allowance can be calculated and the remaining lite is the future 
corrosion allowance divided by the assumed corrosion rate from previous thickness data, corrosion 
design curves, ar experience in similar services. Another example may be long term creep damage, 
where a future damage rate can be estimated. An appropriate inspection interval can be established 
at a certain fraction of the remaining life The estímate of remaining life should be conservative to 
account for uncertainties in material properties, stress assumptions, and variability in future damage 
rate. 

2.5.3.2 The Remaining Ufe Cannot be Established Wlth Reasonable Certainty- Examples may be a stress 
corrosion cracking mechanism where there is no reliable crack growth rate data available or 
hydrogen blistering where a tuture damage rate can not be estimated. In this case remediation 
methods should be employed, such as application of a lining or coating to isolate the environment, 
drilling ot blisters, ar monitoring. lnspection would then be limited to assuring remediation method 
acceptability, such as lining or coating integrity. 

2.5.3.3 There is Uttle or No Remaining Lite- In this case remediation, such as repair of the damaged 
component, application of a lining or coating to isolate the environment, and/ar frequent monitoring is 
necessary for future operation. 

2.6 Remediation 

2.6.1 As mentioned in the previous paragraph, under sorne circumstances remediatian is called far. 
Examples include: where a flaw is not acceptable in íts current canditian; the estimated remaining life 
is minimal or difficult to estímate; or the state-of-the-art analysis/knowledge is insufficient to provide 
an adequate assessment. Appropriate remediation methods are covered within each FFS 
assessment section. 

2.6.2 Only general guidelines are provided in this document; each situation will require a custamized 
approach to remediation. Periadic checks should be made to ensure that the remediation steps have 
prevented additional damage from occurring, and are in a condition that they can be expected to 
continue to provide protection in the future. The user may need to reter to other documents far 
detailed remediation procedures; far example, weld repair guidelines can be found in appl1cable 
repair codes, such as API 510, API 570, API 653 and NBIC 23. 
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2.7 ln-Service Monitoring 

Under sorne circumstances, the future damage rate/progression cannot be estimated easily or the 
estimated remaining life is short. ln-service monitoring is one method whereby future damage or 
conditions leading to future damage can be assessed, or confidence in the remaining life estímate 
can be increased. Monitoring methods typically utilized include: corrosion probes to determine a 
corrosion rate; hydrogen probes to assess hydrogen activity; various ultrasonic examination methods 
and acoustic emission testing to measure metal loss or cracking activity; and measurement of key 
process variables and contaminants. Appropriate in-service monitoring methods are covered within 

each FFS assessment section. 

2.8 Documentation 

2.8.1 A Fitness-For-Service analysis should be sufficiently documented such that the analysis can be 
repeated at a later date. Documentation requirements specific to a particular assessment are 

described in the corresponding section covering the FFS assessment procedure The following items 
should be included in the documentation. 

2.8.1.1 The equipment design data, and maintenance and past operational history to the extent available 

should be documented for al! equipment subject to a FFS assessment 

2.8.1.2 lnspection data including all readings utilized in the FFS assessment 

2.8.1.3 Assumptions and analysis results including: 

• Section, edition, and analysis leve! of this document and any other supporting documents used 
to analyze the flaw or damage.

• Future operating and design conditions including pressUíe, temperature and abnormal operating
conditions.

• Calcu!ations for the mínimum required thickness and/or MA WI'.

• Calculations for remaining lite and the time for the next inspection.

• Any mitigation/monitoring recommendations that are a condition far continued service

2.8.2 Ali calculations and documentation used to determine the fitness-for-service of a pressurized 
component should be kept with the inspection records for the component or piece of equipment in 
the owner-user inspectíon department This documentation will be a part of the records required for 
mechanical integrity compliance. 
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Flaw or Damage 
Mechanism 

Brittle Fracture 

General Metal Loss 

Local Metal Loss 

Pitting Corrosion 

Blisters and 
Laminations 

Weld Misalignment and 
Shell Distortions 

Crack-Like Fiaws 

High T emperature 
Operation and Creep 

Fire Damage 
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Table2.1 
Overview of Flaw and Damage Assessment Procedures 

Section 

3 

. 

4 

5 

6 

7 

8 

9 

10 

11 

-

Overvlew 

Assessment procedures are provided for evaluating the resistance to 
brittle fracture of exísting carbon and low al\oy steel pressure vessels, 
piping, and storage tanks. Criteria are provided to evaluate normal 
operating, start-up, upset, and shut�down conditions . 

. . 

Assessment procedures are provided to evaluate general corrosion. 
Thíckness data used fer the assessment cen be elther polnt thlckness 
rn�dlngs or det�il@d thlckness profUes. A methodology Is provlded to 
utillze the assessment procedures of Section 5 when the thickness 
data indicstes that the metal loss can be treated as localized. 

Assessment techniques are provided to evaluate single and netvvorks 
of Local Thin Are�s and grooveelike flaws in preesurized components. 
O�tailed thickness profiles are required for the assessment. The 
assessment procedures can also be utllized to evaluate blister-s as 
provided far in Section 7. 

. 

Assessment procedures are provided to evaluate widely scattered 
pitting, localized pítting, pitting which occurs within a region of local 
metal toss. eind a reglon of localized metal lo&. loeated wlthln a region 
of widely scattered pitting. The assessment prooodures can also be 
utilized to evaluate a network of closely spaced blísters as provided for 
in Section 7, 

Assessment procedures are provided to evaluate isolated and 
networks of blisters and laminations. The assessment guidelines 
include provisions for blisters located at weld joints and structural 
discontinuities such as shell transitions, stiffening rings, and nozzles. 

Assessment procedures are provided to evaluate stresses íesulting 
from geometric discontinuities in shell type structures including weld 
misalignment and shell distortions (e.g. out-of-roundness, bulges, and 
dents). 

Assessment procedures are provided to evaluate crack-like flaws. 
Solutions for stress intenslty factor-s and reference stress (llmit lo d) 
€1ff:! included in Appendices e and D. respectively. Methods to 
evaluate residual stress as required by the assessrnent procedure are 
described in Appendix E. Material properties r qui red for the 
mssessment are provided in Appendix F. Recommendations for 
evaluating crack growth including environmental concerns are lso 
cov�red. 

Assessment prooedures are provided to determine the rem ining life 
of a component operating in the creep regime. Material properties 
requlred for the assessment are provided in Appendix F. 
Recommenda.tlons for evaluatlng crack growth includlng 
environmental concerns are also covered. 

-

Assessment procedures are provided to evaluate equipment subject to 
fire damage. A methodology is provided to rank and screen 
components for evaluii4tion based on the hemt exposure xperienced 
durlng the fire. The assessment procedures of the other sections of 
this publicatlon are ut11ized to evaluate component damage. 

.. 
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Table2.2 
Overview of Data Required for Flaw and Damage Assessment 

The following data are required for most types of Fitness-For-Service assessments and it is recommended that 
this completed table accompany the data table completed for the specific damage type which are located in 
the respective section. 

Equlpment ldentification: -=-----:--:------:-----:::---�::--�----::::-:---:--�---------
Equipment Type: __ Pressure Vessel __ Storage Tank __ Piping Camponent 
Component Type & Locatlon: �
Design Code: __ ASME Section VIII Div. 1 _ ASME Section VIII Div. 2 ASME 831.3 

AP1650 APl620 

other: ___________________________ _ 
Material of Construction (e.g. ASTM Specification): ===�-=========---�-�
MAWP: ____________ �--------���------�--
MFH: 

-------------------------------------

Mini mu m Required Wall Thickness: ===-=�-=-=----===-==------
Temperature: ---�============----=�=======-----

Cyclic Operation: ---------------------------------

Type of Damage 
Metal Loss - General: 

-----�---------------�---------

Metal Loss-Local: --------------------------------
Metal Loss-Pitting: -----------------------�--------
Blisters: -----------------------------------
Misalignment ----------------------------------
Oent: ----------�-------------------���----

8 u lg e:------==========-==------=�--------
Crack-Uke Flaw: ------�-==�=�=�==--=-====---�----

Creep Damage: ---------------------------------
Fire Damage: ----------------------------------

Locatlon ot Damage (provide a sketch)
lnternaVExternal: --=-===========�------==----=�---

Near weld: --------�=�=�=�=--------�=��--=----

Orlentatlon: -----------------------------------

Envlronment 

Interna!:-----------�----------�=--�---------

External: -----------------------------------

Repair and lnspection History 

Operatlons Hlstory 

Future Antlclpated Operatlons 



Saction 9 
Ai�nin1f!nt of 

Cra�k-Lika Fl�ws • Betow 
�CtvóflR�ltM 

Figure 2.1 
FFS Assessment Procedures For Various Oegradation Classes 

S;ietkin 4 
A,i,�.,,.�nWtlt of 

Ga�t.11 M;;t!I \.Q�� 

S�tiQn $ 
Y Auil1arn.i11t <;,f 

Lo��lim Met!II L<;§§ 

$�tl<)tl� 
A���im;;11t ot 
l"lttlngO�ma¡;¡,; 

-$�tl,:ini 
A�e.-e�o101;t of 

E\liii.r� 

ClfiiJrnd§t�n 
e.;1ij�ijll� 

e, .. ek,Lika 
"'ª""i 

�f!etK1.1, ª \ 
Atteutn�nt at ¡ 

Cfaell,LI�� l"l@Wi i 

2-14 

S· tiM5 
A,¡,��imentot 

1.Q��ll:,:,;t M<1tll Lot� 

$;,,:ti<,n � 
AM1?�M1�nt @f W,;,l;I 

Mi:;;ijli�tih\@lil �11tl 
m,r;II IJ1�1l',f\h:,M 

Sectlo11 \\ 
A$te��n,-,nt t,f 

Ct�tk-Llk@ l"lñWli 

So�tlon '\O 
A!i�Mm@nlot 
c,�o� 01Hl'lill}e 

c,.,.,r; 
lJijlHij(lt' 

fil11ttl<;>n 10 
A;;�<:>��n1,;nt l'!f 
,;_:,�"''; IJ�l11(l(J@ 

l Sttt,tlvn fl 
1 .A.s�c,��m nt ot 
�cc111i:é'(J M�t�I L<>"' 1 

s��tl<)h 11 
As o��m&nt e:t 

Mi��ll911m .. nt -'''Q 
S�II Oti!b?tt�� 



Jan,2000 Recommended Practice For Fitness-For.Service 

Figure 2.2 
Overview Of An FFS Analysis For Crack-Like Flaws Using The Failure Assessment Diagram 
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2.11 Example Problems 

Example problems are included for each Section of this document which contains FFS assessment 

procedures. The example problems are provided to illustrate the application of the rules and 
evaluation procedures far a Leve! 1 and/or Level 2 Assessment. Example problems are provided in 
both metric and English units. 



� 
•S The American Soolety of
1 Mechanlcal EnglnHrs

Replfflftld F1'0ffl 

PVP - Vol. 189 Deaign 1nd Analytla af 
Piplng end Compon•nt1 

Editora: a. N. Truong, E. C. Goodllntt JR. 
J. J. Balttchak, and G. E. O. Wldere 

Book No. H00484 - 1989 

THE ART OF CHECKING PIPE STRESS COMPUTER PROGAAMS 

Uang•Chuan Peng 
?eng Engineering 
Houaton, Texas 

if.AC'l' 

,Vith the computer ge1tting more and mars aoph· 
e<I, the chancfl oi' g&tting a bug in a pr-ogram 
niea.ppllcation tn an a.nalys:lfll abo btteoo1·11,s 
11uld .more Ukely. Analyst& need sorne :r•ules of 

,, tp quick� spot problem a1'tHUl and \Q mue a. 
!t:lleck U' nel!e�sary. 'l'his pt\pt>l' t,l\.lUintHil ijQXJIQ 

1 general rw.ea use<:1 in cnecking boun<.i&t'Y con
, unba.lancod forces, ano b:'l't¼i¡\ll¡¡¡,;rit.ht».- Tt 
su spectric eu.mples to uunonstratf4 tb.íl 
íli of some elementary func'tiona. Special dis
ns u� giw.n on advanced f(Ht.tur�s auch 1u1 
t frietion, thermal bowing, a.nd i¡¡¡xpnnaiM 
1 �lemonts. 

fith tb.e new requiri:}ments ¡i\l'�n on th� duign 
10<ier-n plant piping, thei only l»,'il.CtieJA,l te>ol fo�' 
}ian analysi� is the c.-ompu:ter. T.he eomputer 
m desigMd for pip'-' stNSS ana}y*Is gcts mor-� 
lre .sophisticated every d�. Sonu} p:rograms 
?ne- thr011gh SeV(lral generutiontil of d1;>velo�-
n:iploy.ing- complett.�ly diffartmt b"1.:1k¡fl'1,,1u .. m.l uf 
!lOl. 'l'he new generªtio1i mn·u·1�Uy wiU nQt 
1be gooo work done by th�ir predQcusora. 
, they make 111,yers o! sbella around the e:xiJt-
1rlt. The compkred p:ro¡ram l.wloomtss. vu·y 
cniied. Therefore, it is l:!afti to �a,y tn.-,,J a 
1 pipe sh·ess computar pro1,,.-r:H11 is bou.oo to 
>me lnccmai stenc.iqs.
ipe &trus an.,,lysts 3r� 1i\'.\rn1�Hy too ti mid in
Sin¡ a Wi)ll astn.blishod oomp11ter pl'Q¡Jram.
'1'. il "'e t'tHio¡¡i,lil'>e th.E1.t to e1-r ie omp1,rt@r
:n, we muy be nble to moNl ob;wctivoly eni.ure
,lity Qf our anal:ysi�. It ie iwporta.nt to N1&l-
t everylhing has :i:ts so ealled norm. In otner

tr something looks un:rHJ.iiltic then it p1'\1ba.bly 

17 
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som<!tlow the :i.mpre seicm "they ¡ive .i,3 1'1Qt. You typ.:
Ul i;om� dut,l. 1.hen you ¡et some 1·�su1ts. It souw:ls 
ºªªY, bllt :is sca1·y. To emmre a good a:mi.lyais the 
�nalyst hall w ho.Vl¾ a.L le��t lil elttar plt.:ture or wluü 
tb.o pr-ogt'am funi::tions ate. Jfo ()i' sne should $.leo be 
•ble to ap<>t the in.eonsi$�ne1u whttn they occur.

PROORA M VF.RIFfCATION 

A program is ey l'llh;mlitic�Uy ver'lfiecl bo-foi·L' 
he:tug rel�1,-u:md for produe;ti.o.o. The verHh1t1Uon invo
lvrJ� dmoet evet'y step of tl\e prog1·am 1 s operatlon 
and funchon.. 'fho rtu,ultl, oí the vei·ilic;�tion <trc dv 
cumented in the vermcation r .. ports. This i.s the 
function of the prog:ram df!veloper and liholÜd not bf<' 
a burd�n to the users. 

Verification by the uscr ifl occasionll.lly requfrod 
by thc jnho1t @ Q_A proced1.1.1.·e, 01· to sluipl.y s,1Usfy 
the curiosity of thl' yi;;e1· lYI' the bose:. To an nnn.lyst. 
to be nble to persom\lly v,uify C\ coupk of anal,yses 
wi.ll defini'tely inc.rcaae hia 01· ner confiliern.:c, m Hn! 
prognu::n. 'l'nc rnost com.rn<J-ll l.\ppr-oach of tt1c verLJ'1-
CitiQD ie to ch�ck agajn¡t known re1rnlt�. The book 
by Ke ll.ogg Compa.ny [l) contains quit� a fe_., hand 
ealcula.tion Ntrnlts whlch can b6 ch ck d Rgainst the 



an•ion etreea oalculation. A moN! fo-rmal calc1.i
on intended to be a bencbm4ilrk waa pu.bUahed by 
1/[E (3) in una. Ullfortwia.tely, tni• bcnenmvk: 
blem contains somo misprintit, whieh nave never 
n ciorrecte� and alao the unuaual nan•cir,owar 
111 aection elemente. BeeauH o! thu• diffie11ltiu, 
1 pl'Oblom ha. c.rea.ted e. h�,e fru•tration in tbe 
1%1& tndustry, Everywherc. iencin�ers are trytns 
tnake a comparíaon in v11.in. Lu.tor in 1080 U. S, 
: p11bliahed a set uf repre»ontative pipiJl8 bem:h• 
•k pl'Qblemu {3}. Thiít set of problezna W&i takeft
:n real ayatema la.ido11t in n11clea.r powu planta.
e máinly used to cb.eck tbe H.rthquake aMlysis
1g tbe response Spec.tra. lllOthod.

The benohmark probleme cheek only tbe (Jelltl&'@l 
iaviors ot the pro,ran1. Tntl! gell@ral bebavior of 
lven pro¡rarn di!fer& very little trom the original 

,1 :k box on wbi(:tl most of the pro¡r--.1mM &re biUJtd. 
r.rofore, vu·y little deviation 11h.all b4J expoct�d 
n r11ue tests. The moat ixnport.n't Uenu to be 
•::trned with are tbe ones particu.la.r to indiv:i<lual 
· �rama. Thue iteme n&ed to bt ch49ek•d Titry
1:retely. 

flATION 

In comparing the test rt.tB"lts wlih publ�bed or 
lhmo.r� resulta. tbe :relo.tivf} devill.Uon ¡q ultl d. 
1 term error is not used betiu.t.lue tne differonce 
nt be ca11aed by ttl.e nror ot the pubUahecl or so 
·ad lmown resulta. Even the ao caU.td exact »olu·
1 might bave sorne aeemingly inaignii'ioant ttlrm•
rred, H'owever, if the devlation ta 11rnall tben

, e i1 a good chanoe that both the testtn1 p:rogram
ltbo benchmark a.re 001•1·.-Hit. This ia mQr� 80
ll thcn teeting program u.H$ an @ntl.rely lli!f(t,,;mt
1tion tecbniqt.ie th"n that us�d by lhe bencnmu.rk.

In eva.luating the deviation, somo common Stu13e
1to be a.pplied to avoid 1Jnneeuaa.ry a.r¡tun'lttnts.
1 g1ven qua.ntity, n� wtloi,e exaat soluUon ie ílhwon
¡'igure l (a). Ita correaponding :reaultl R'. f:ro¡n
1teet program may be ab.ifted to l.'Ul l!!hown in
N l (b). 'l'hen by so:me metooda uf 0valuation,

IY y 

Ry•O Ry' 
R 

..,._..._ __ ..._ __ X 
1 .¡__..1,.--e,;::;:..._ X 

(a) (b) 

Figuro 1, Sttmdard Devil\tion 

,e.y be c<mcludod ttuit thcN ill no C\lmparison �t 
Bt(:&11se the deviation is ejjHntially infinitt on 
>onent Ry, But we all know that the real d:ifter
, tietw"n the two lílolutions ia ve.ry small. Thts 
b. tUily proved beoause if w0 rotat@ the axes
5 de¡rees� the deviation wUl "lmost diHpp�iu•

co:mple�Q'. TM point Ja tha.t a number is mean.Lng
!Qsa it ita qoontity is �nt�ly de!ffindent uf th.� sel
@etion of tb.o ooordinat� a�a. Tooref'Or<1, it is im = 

portant to ha.ve Uw deviatiQn propt:rly defiued a.:¡¡ 
foll.ows: 

dev (l\y) " ( Ry 1 ·l\y } / Ry 
dttv (Ry) "' ( Ry•-Ry- ) / R 
dev (Ry) ,.. ( R_)- 1 -Ry ) / Ro 

(Meaningl1HH!) 
(LQC&l) 
(Glo�l) 

Wb.ere R ts tl\e r.t&ult"nt ql.'lantity at tne poiut o:l' 
in�r•at, a.nd Ro i• the mftximttm ruw.tnnt q11antit..v 
in the crntire symro anruy11ed, Tbe slobu dtwia.Uon 
1-, introdue�d� �catJH &t a giv�n point the r•su tnnt 
q1umUty ita&lt may be insignitiaant. Wheth�r it il!I 
ai(nificant or not. the tool to mel.\Sur� is the global 
compa.riaon. The eva.l1,u.\tion o! the looal doviatio.n 
�quirea souie personal ju.d¡>e111eut, but the global 
devi�Uon should b@ llmited to about 10 percent. 

DOUNDARY CONDJTIONS 

The first stt'lp in qttlek eht,okillJf an. $n&}y$is is 
to .make SU.Nt that th.a 1·1tsults. ml\teh the bounda.ry 
conditions Qf th@ syat�ms. This Ct\n b@ done tttu1ily 
with tlle help of a ¡ood 0�1lput ,n·rangemout. Mo$t 
computar p.t'Ograrns ha� u a,epa::r-aw t'ept>1·t .ío.r tne 
a.nch<>r ami support ÍQt'OtHi and momontfll e.s shown il1 
Table l. l"or Hus pau·tlcular 0.1«::1 (4) t ti.� tricUoo anti 
the pipe displacernenta are alao giv�n. Thi;:. ma.k�s 
the checking of the boundary condition V"0ry easy. 

By uain¡: reporta, 1111,H;:h �ull Table l, lhe boLuldary 
eonditio.ns <:&n be checked direetly by lookfog at the 
pipt: diapluee,mrnta, At au ancho:r poltlt the vip{, 
displacll!uHn'l.t sho1lld b� tht1 Hfl'@ us the input ti $pl • 
a�ment. and ut the limJ.t stop 1(1catiou th.e pipQ 
displaoement ab.all be cqual to or smalltu· than the 
gap sptcified, Howftvcu·. .tt tihould be noted that the 
auppo.rt dttplaoement sp�c.tfi•d in thf> input is fQr th� 
1:1upport structure, The actual pipe diaplac�ment at 
that point rnay or may oot oo the sam" as the sup� 
poi·t dependin¡ on th.e rigklity o! th\l lil1Ap�o1·t. .tf tho 
support ia ri¡id th�n the pipe and tbe st.ru.ct11.n.: wUl 
tia.ve thtt aa:me displ&cement, But if the aupporl is 
flEixi� tb.en thQ pipe displac::ement antJ the 1rnpport 
mov.ment 1u•e different ti::l shown in Figure 2. 

Su.f.Eort l\'o.roe "- K ( Dp � Ds } 

L __ _.,. Pipe Displacement, Dp ( outp11t }

Support Di�plaoem�nt, Os ( input l 

Figll.N 2. S1.1ppo.rt and Pipe l.)isplacc.menta 
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·:For aysteml which inolude the a11pport friction,
· �h• toroe a.n.cl the direcUon o! thQ friQtion CRn
1adily checbd a.ga.inst tho ll.Ol'mal aupport 101-ce
ihe pipe movement.

EM EQUILIBRJUM

' 'Thc ptpe mus analysis :result, N¡imHttH of
• •1etb.od 11sed to ¡et it. sh.all a-Ull ccmr-orm tho

¡f equilibrium. The 9ummnHon of tbe fort:i<HI l,l,Ud 
-ni.ts applled at a given point &hall bu ioro, aud
iummauon of the Corees  and :moments appl.ied to
tnttre aystem lilhall also be zero.
INtedlesa to say taa.t to check the �quilibrium
1vuy point in a system mv.nu.ally iM not pra.cti•
iBut tf tbere ia any doubt abo�t a. ¡iv�n point.
lt can be checked n1an11a.lly. In well dutg_ned
Qmi, th9r& is a achune to a.utomo.tloally oh�ok
ecord tht1 equilibrium ot all tite 110int11 in too

.:m, Tb.e analyst should alwaya look for m(tHa¡11S
� i! any Sicniflcant unbalaneed fo1·0@ ha& be�n
�ed. A siguifioant wtbnlanood forue �lwuys si¡-
ª p1-oblem in the ana.lysi.s. 
"l'he total system equilibri1.tm can be cooc:ked by 
1 the aupport load ta.ble fiveu in 1'1.\bl� l .  In tlúw 
lttMt to�l S)'stem tol'c;es are &t1mm&:riae<l t1.t th� 
n. In a system without any t:U.�nal to.re•s
� expllcttly. the vertical t'orctr aho11ld bi ttw
1 as the total weight load. The hortzontal foret1
l be equa.l and in tbe oppoaite to the horizont&l
·:m force . Tbie is v�ry t11ndamQn.tal,. bu.t �an bu
d by even th.e expert. Fo:r inet�nee . ln .Problom
1of thfl' ASME 1972 verificatiou book (2J1 one of
>luUons presente-a. lla.a an •PP"Un't trrO?' in the
:&ction 81.\pport force . '.rhie ean be cb•ck.ed by 
1\, ol oqllillbri,un but the writer ftl"t\ffll'Nd to 
lt exp.laineo u thtt diffeNMt ot th• pro,n--it.ma
ln the oornpartson.

lENTARY FUNCTJONS 

lt ie ttue tnat thEi pipe stress CQ.mpl.\t�r prug
s desi¡ned to handle e.n aHe mbly o! pj,pe1:1. 
u, it shol:lJd still be able t-o Q&l<:wa.te aom& 
,unple situa.tiona. A piJ)4ll llttrus progra.m con
uf mainly two types or elemems. �traigh.t pipe 
:nved p�. It the progi:'aln is to funetion pro9 

ltheti. theH two ba.sie e lem�n.ti h�veo to functfo . .n 
�ly. 'l'herefor.. if we can chee.k 011t the baaic 
M\ or thase two elemerits, we will h�v@ more 

· nce in tbe pro1rom .
rhe atrai¡bt piEM' element ie julrt u b�u.m, lta
m can be Chl'lcla,d a¡,dnst th� �ani fot·mullil "º leal'ned fr0-1u text books. How�vlilr, th.eni
1 ftw diffet"ences tbat 11�ed to be m@nt.ioned, One 
m ie tbat ao� PNil'IUll u.pproa.ehul &H :not 

· •r u tb.e text book. T•ke tbe two Wl.1-forroly-
beuns as ab.own in FigUN 3 fo.- l!l�a.mple, if

lll ihem through the computor you n\a.y flnd
lt\re ia no stress o.t all 'in one, or o.ven both,

. casos. In {a). because the p.l't>¡nlnl �valuat�e
f\e at.Nases at node poi.uta t o  Md 20. f.Wd th�
es at theae two puints n».ppm to be HN,
ta no na.aon tbat a program c:ian not � pro-

80 

\600 N/rn

@)noo1w11111m,mu111¡@ 
(a) Simple Bea.m (b) Fixed Beam

ll'igure 3. Beam Paradolt 

g1•ammed to fincl the maximlim straas of the entit-e 
beam elemont, but this is :not done no:rmully. 1'h� 
:r:•tHt8on ;ll!I that a c.iomple te pipe stl'eH1t nn.nlysi:s can 
involv�s sev�ral load cases. lf all the mu:imum 
stresses at 0ach elen>ent are to be combinQd h'>¡etlhH' 
reg-.rd.l.e»s of their loc.ation, tt��n the 1J1Akula.tit>n can 
be<Jome ov�n·ly oonse.rvative.  Alifo the sim_pl� btuiuu 
oond.i'tion does not really ex:ist in a piptng syst,m1. 
If requi�d. an additional point at th� mitbpan can 
be �ntered. The case (b) ,  on the oth,u· hand is 
somowhat more troublestllnie, In some finite element 
p1-ogra.ms tbe unif�u1 load i:s dh".lded into oodal load$ 
wWch are ªPlllicd ¡¡,:t the nodo point8, In tho fixi:3d 
beum oas�, tue un:üo:rm load is divit.lti!d into two 
c.'-Ollcentrnted loads w hich a.1•e appllcd at th.e onds. 
Tbis will produce the prop(t:i;• 1·,u1ctlon fu-1-ce. l>ut uo 
r�aetion moment no1' beani stre ss, So .. mc progJ.'1.wis 
cf this typ� are sun wiett\l_V used in the piping irtd 
uatry. A:naly.sht soould ma.� th�mselves aware ()f 

th.� p1•obhnn involved . 
AnothEu· itam thll:t ueeds to he menti.oued is 

iheur deforma.tion. Tilo abo�u.· deformation is not 
n�m� induded in 'th� bum :f<:>t'muw. we use .. but 
it :ifil includcd tn most pipe stre ss p.re>grams . Thsni 
is no·t mueh dillerenee if tb.e length. of the bea.m is 
at leut several ttmu th� cross HOtional dimenaion. 
Uowever, if th.ei beam length is shorl th� diffu1•etlee 
can b@ --q&cy gr-e�i:. Figure 4 show s ª stnck guided 
at a v@ry short distnnce from the base to ra s:ist tha 
wind. The problem ís l>edu�ed to a ftxod-Sl\pported 
betUl\ i\ppUed w itb a.n end rno:mcrnt . Ae cw b� se�u. 
from füe rttGults tabulllte<i, the ahtuu· defoi•matioo 
term naa u very significant @i't�ct on the · n �tior and 
:n1pport load:ing if the guide is rigid . 

Fol:" the CIU'V'EK! pipe eil@mfint, th� formula given 
by J. m. RN<:k [S]  �l'\ b� bUiled fo.r C'..T() l:l jl  che(lk, if 
the cumbersom calculatlon can be rn.1u,aged , .An a l�  
t�rnativ• way is to  divide thtt b,rnd i t  to m ultiple 
seotions to eaft if tbe resultlt �aree w ith thosc of 
tnc u,ndiv-ided �nd. 

Thc c:1.11-ved pl� clem�nt involvus no ibUlty aud 
atre,u, intensilfo;¡l.Hon Íl\eto.r•11 . Thewti fac to1•1i 1,u·v 
furib.er intluenc� by the p1--e1;1ense of füulged enda 
and intern.a.1 pNii.ilu.re . In ch�cking th@ i.nt nsü'ic�:Hon 
factor it ia MOflSSnry to find out the progrA..m option 
in implemen:ling tbe p1·usure effect , Jt is ah,;o dtlsi 
rable to understand the implic.atic:me o! tMi applicatton, 
Tb� pl'OSS\ll'C will tend to mll-kU the syat\lm morli.' 
stltf, tbus resulting in higb.t:i· suppoct lo�ds against 
t� thermG.l expansion. On tbe othn h;;wd lt ala() 
tenda to roake ttle cross seotion more d iffkult to 
ovalize, th.us Nducin¡ tnft stress iltti\nsit'icatfon, 1'110 
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::!lern is tha.t wben the preasure ilJ remov1.ld 'the, 
�rat11re wm likely to stay &t nur operatlng tor 
� time. At thl& time tbe pipt1 mo:ment ia l'!Ot 
:iced b1.1t thtt preHure is not tbttrtt ttl l\tlp prewnt 

'Li11at1on, Th.,Nior�, the logieal applie4\Uon ia to 
into acco\Ult tbe increased 81:ifi't1ess. but oot the 

Nui.sed stress intensificution, 

,CIAL FEA'l'URES 

Each. p:I.� stre u c0mputer proarun ha.a it1 
1 l))ecial featu.res. Theae f@atun-11 are norma.U.y 
"valla.ble in bone.hmark problern.t, ThQil' fimotion11 
1 to be checked by special sohemes. SiJiQ� it ili not
iible to cover all tbe f�atLU'es, this diacuHion 
concentre.te on tbree poplllar iternil. Theiy aN 

, 10rt fri0Uon. bellow elAment�. and tn.rmal bow -

· �port Friction

'l'he support friotion hu " very si¡n:i.ftoant of�
on tho 4lhlllysis resultu in certlilin e11�e. Tne

8\ 

aroa.e mo.-t eensit1ve to the frietion ar� rotatinfl eq� 
uipment pi,pinft. long offsite piping, a.nd transm:ission 
pipo lhias. For instanoe, &t a largo rotating equip
ment, the fi•ietion due to a sin-,le su.pport OA\l Qften 
d�t�t·mme if tb.o pipin¡ load ucee<Jt1 the tt.llowables 
� not. 

There are diffe"nt waye of implemtmtins the 
frietion _.tt,ct in the pro¡ram, but they are n.ot aU 
eq1.uü. Some method1 rtq�tre mo;re cornpu:ter tima 
but are .moN inherently atable. Others are q1d.ek 
but prone to � unaatble. A d.etailed diecussion on 
this subject is ginn in a aepar�te t.opic (6). ln this 
pa.per the discw.sion is lh1,ited h'> tllo qu.ick �heck of 
tbe resulta. 

'fho vru.idity of friC'ti.<m llppllcation dependa Ql'.I 

tb.e type of the s;ystem ami.lyzed. If tht syateu:1 ia 
l'tllativel,y rigid then the analysis tendtJ t-o be correct 
r1t,:a1�leas cñ wh.ich method i11 uwed, On the oth.er 
hand. if the system is relativ�ly i'lexible then the 
aoneot analysis ean only be 1¡1ehiev�d with certain 
roethod&. This is beeaust11 in a fle:dbl� s;ystem the 
frictio11 not only af:feote pipe foroe, it nlso has the 
riotential ot ctuu1&lng the dinction of tne ll\Ovemeut. 
To oheck tb.Q fri<:tion feat1.t1'Q. it neec.l/$ to ebeck. its 
appli<:lii.tion Q:U a :t'lexi'ble eystem. With '- sv.pport 
load report similar to Ta.b.l� 1 the tunction of the 
trietion ca.n be checked Hsily by the following ateps: 

( 1 ). If the pjping is n,ovtn.g, th1;1n the resultant 
ft·iQtion for e snolll.d be equal to th.e normal support 
f�Qe mu.ltiplied by the friction f&cto,·. Tl:le direotio;f\ 
�ch.pt¡ on the &!1pport, üh.ould bt! ttu� aame &s tbo 
piptl movemont. 11 reveroes wht,u aoUng on pipe. 

(2). l'f tb.e pip:ing is 1topped by the h-ic.:tion and 
not rnoving then th� trtction force ahould b4l equa.l 
or sma.ll&r than the full frktion roree ealeulated in 
(1). 

(S). Most im])Qrt!l.ntly, the above trit::tiQ'.l'l force 
is applied to th.c system, This can be ch.eck:e<l by 
balancing the nodal forceB Qt the suppo1·t location. 
Wttn a. e11ppo1·t load report 1:1tmil1u· to Table l I th.u 
appli<la.tion of the tr1ction can be ehock@d by cornp
aring the tota.l frietion force a.gainst the total ltystem 
toree. They stlottld be the eame if no othi11' exterw.l 
forc& is applied to the aystem. 

(b). Bellow Element 

B@llow expa.n�ion JQ¡itts c1cu1 he �innt.latl.ld by the 
eonventional r.ero lttngth fle:xibhi conn1ctori1. lfowaVt'I r, 
to btt able to repnisent the versaUlity of the bellow 
M'Nn{Jement&, the uae o.f bellow elements is prflf
fel'red. With the bellow eltnnent, tbe program cnn 
eaiiily aimtllate all tb.e common bellow Cltf)l,\J\Sion 
jQints such as Bingle bt:illo IV. tied bellowi.. wtiversd 
jQinta, and prea1H:&N b11l1Ane�d u.n1verHl joiuts. Thc 
pl'ogram wlli correctly apply tlle flex.1bili1y of tila 
joint in all the tr3.l\slational and rot.ational d.iractions. 
rt aao applies the proper pruaure thrust foro� at 
the end of tbe bellow. The more advano�d program 
can also combine all tn:ree dimensional 1r11>tio.ns to 
1.:&kl\W.t� the �quivaleut mwdmlill1 axial 1.Uspl1.tcement 



(1) Axial Moticm (i) Rot&Uon

1 convolo:U.on. ·rhia is the vital informt.üon u1ed 
1ht manufll.otllreru to ctwok th.e aoeep.t..bUity o:f 
r bellowa. 

lmplem�ntation oí the bt!!llow elemcrnt involves 
e triclcy maneuvers, bllt to oht:ok ia simple. The 

,'!!Jl&ion Joint Manutaotu.rere AIB¡¡¡ooiation {EJMA} 
1 e. 84ilt of tormlJ.las t 'l) tb&t can be uaed roauily 
ieh&cking th& function of th� bellow eltmumt. 
H fo:rrn\lla8 are cop1ed b$1ow tor u•y l"deren�. 

re, 

e� ,. x J N 
•• • 8 • dp / ( 3 N )
ey ,. 3 dp•y / ( N•L)
F • rw • ex = (fw /N) • :x: = Ka • x
Mo • t'w • dp .. tie / 4 ,. ( (fw / N) • dp 2 / 8 ] • 8
V ,. fw•dp•ey /(2L)"' 1.5 (fw/N)(dp/L)2•y
My• fw•dp,ey / 4 11: [0.75 (fw/N)•dp2 /LJ•Y

' U'. • Axial displaceme.nt Pfll' eonvol. due to x 
' H .. Axial displacamtlnt f>('l" C()nVOl. due to 8 
, ey = Axial displ�oement per eunvol. dw:i tu y 

x • Di.ftererrtial axial displ. acroas bellow 
9 • Ditterentil\l. rotation aoroH beUow 

: Y • D.ttrerential lateral dapl. aerolia b(t,llow 
N ::o Nomber of eonvolution 

' dp ::: Pitch diameter of the convolution 
L "" EttMtivfl len¡th of the bellow ii!!ltn'11@ nt 
r .. Axial force requ.irod to move x. 

1 fw • Axiul sprJ.na 1·ate �r convoluU.ou 
Me• Moment l'�quired to bend. Q 
V II L&.te1·al force req1.1tred to mov� y 
My"' Moment Cl'eated by y- movem@nt 
Ka 11 Axial aprm¡ t-atQ o.'f tbe bellow •lem(lnt 

,' From tb.e a.bove formulas it is olear if, for
ince, tne a.�ial epring rate, pitqb diametflr, (ind 

, >ellow len¡tb aro give� then -Uto �prin¡ conato.ntlj 
1 tht, otber dh-ectioiw (;!Qn be d .. t4;rnüned. The 
ra.lent axial disphlcement prn• 0onv<;1lu.tíou can 
1 bo found witbout needin& addiUonal data. 
1 lh checking the bellow f\lnction, a fe.w ite:m� 
,1 to be turthn explalned. As can � Nen fNrn
Ol"niula. the lateral apring ra.� lt1 in�raely 
()l'tionnl to the aq11are of the Mllow length. The 
d.efQrmation ex.peoted during Up@:t't1Hon éa;u. have 

rnifica.nt ettcct on the l&tel'll,l apring r&te. The 
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(3) Latoral Motion

analyst :ihou� t1·y to inpu.t tbe anorttH,t poesible len
gth in the analyeia. It sho�ld alao be not�d that by 
latero.lly moving thé bellow not only oreatu latenl 
torce# but als<i the bel'ldinC moment, In bendin&r thQ 
bellow. the EJMA formula si¡nifies that a li-tei·al 
movement u.a well fj,S " 1,otatiol.l is being ereated, 

'l'he cb.�c� oan be dQrw easily by fixing (){lt¡l 

end of the bellow dement and apply the loading or 
diaplacement at th.a oth8r end. 'T'his elizninatu th 
troubl� o:f t'indb:liJ the d.ü'f'lilrential clhiplao�m�nts of 
both ends. Ifowever, th.tt real function ot the bellow 
can Qtlly be evaluated by th@ ahecking o! the difft1r· 
ential :movemente. Once the elemental function is 
cheolwd, its s.pplicat:lon to tbe piping O.S$Rmhly is 
not mu.cb. diff0rl!l'ni f&-o.m tha othe1· ekm nts. 

(e). Th&rmal 13:0!'ing 

Pipm¡ is norrrutlly US\.lmed to tuwo a uniform 
tem�rature aor<>sa its croas sectiou. However, u11�

to atratifh1d flow or sorne otn.r r�&$Qn, t.hl!I tttmpe
l'ii!.ture ca.n va.ry greatly between th@ top and th111 
bottom of the pipe. Tbis situat.ton can occur du.ring 
the startu.p of' lar¡e steam Unes [8) or Cl')-O¡tetüc 
linea [9]. lt can also ooour at a pefroollemical tran• 
si'er Une l1weo it is �in¡ q1,1encht1d o:r when lt h�ti 
ooke f01'mmr l.\t the ootton.: oí th� p:ip •. Wheu the 
tt:1mpel"•ture uoun<J the cross e�etion is uot uuilot·m 
the pipe will !o1·m 1u1 il.l'Cl shape. 'fhis bowjng 
phenonH�non ma,y or ma.y not create dllnlagi.ng $tress 
in thtt pipe JtHlf dt1p1tndlng cm the aha¡�ei of the brn1-
peratuN dist.ribllticm. Ii tb� distribntil>n ie l'\nenr, 
then no interna! stref's is e.rt1a.t.ed. :rf th dish' .ibutíon 
is not linear then large inte:rnal !\ltl'esa may be 
ortti.ted. In eith�r cairo, Uu, buwlng ll11s tlle p<,>teu
Uul of ONating b.uge diaplace:menta arul rotations in 
tM pipe. This huge movement onn tear off connt1c
tiona lf enoQgb :t'lexibilit.y is n.ot provided. 

Th@ bowing featuro ean he cheickfld with two 
simple ateps. Figure 6 shows o two span simply 
aupportod pipfl. lf no elu.mp or hold-down is installüd 
in tue 1nid-span. the pi.pe at mid-span will move up 
due to bow J.n¡. 'I'he amuunt or the move • ltp can � 
eh@ek.cd �gu.ina1 the fornmla. citt.rlved uaing thl'l lJ.UtHU' 
te-mpt:,rature di&tributi<>n 19). Th•t is U the dtlfer m:o 
in expansion rate betw�en the top and the bottom of 
tbe pipe is e mm/mm, the pipe diameter ia d mm, 
th.en the radiua o! the curvatu '@ ia R "'d/e mm. Ir 
the span length is L mm, then the expected movc-u¡.1 
di.epla.c�m(tnt y "' R - JR" - J} mm. 



• 11 After the bowing movemeut ie enected. too (b)
� cnn be uaed to cho1:k tbe eombim1\l lilffect. 
¡a,,ia case. the mid-span 1s i-igid.ly t1�ld. clown. 'l'h�
b.i I down load can be ohecked by usill( the simple 

1 formula a.pplied witb a ooncentrated to.ree at 
o.)id-span. The hold down load should QquC\l the: 

e rentrated load with which a mid--spru1 displace
rr/: of y mm is crea.ted, Of cQur� thc we1¡1lt &ral 
o � loads ehould not be inel�<led in mwn¡ th.it.1

(b) Hold Down Bowin¡ 

F:f.gu:re 7, Bowing Fu.net.i.on 

"SS REPORl' 

1 A well laid-out stNi:ss :report Qt.l\ facUit'1'.t'-l tlle 
ti:¡¡ of the a.nalyals. Tb@ str@as r6port 3h.ould 
tin, in eme oontinuou.a printout, all t.he input, 
:pretation of the :l:nput, gi!!ne:rated eyat�m infor-
1>n, loa.d case Nsnlts, nnd atreas and lot\d
,li3ncc tablos, Otbvr g1•a.pbiou.l or to.bl.lll.u· fQrnHI
1esenta.tions whicb are not inte¡N�l �rt1:1 of the
t ahould � clet\rly identifitd fQt• lt-1 alHQl'Jiation
1the 1Jtrese report.
ne most. irnportant item to be chec.lced on a.
s report il!:I tne tru.tbi'llln@H of the mathematici\l
l. Tbis gen&rally r.tfcrs to tb.� oorrectmH o!
11put data, but hloludes a.lsQ tbe corNct .lnt�r
tion of tbe program requiremeuta. A ¡ood input 
lnd n good isowetrio pieturo 1�ntJr1&t�d d:ire< rlly 
the input data can be very hdpful. 

/�ut E«:ho 

IWitb. th4! popularity ot' th4\ men11 inpt.tt 1.pproa<lh, 
i\})Ut data ma.de by an analyit i� corw@:rted into 

'lU' way of expresaion olmot.t inunediately. The 
illt,d iupll.t echo pril\ted out by som11t pt·ograms 
ot even be :recogn.iied by ·n.o u.milylill who havc 
ed th.e input in the firs·t pl�ce, It ia, QOOdle$t1 

, Y, a nigbtmare to tha ctu!c:ikc,r, "!'he input &ch.o 
· · ia tbtl rnost importa.nt doc'1ttlent of tbe Nport
t be ree.dable not only to the roacb.in�. but al.so
lh the a.n»J.y$t and checker. Th@ beat form is
t\l! whioh pree.rves all the styl�• nnd lett@N,
ll•lyat haa enter.d. Fi¡ur� 7 ahowe the oct.o of

, 1Pl.\t which ia done with too popular pipi.ng
4:8,

A ¡oQd is<.>rnotric is an invalu.able wol for quick 
· UlS tbe matbematical mod�l. Tb@ ieometrie ne@d
' pretty but has to � faitbful, lt · st\Qu.lcl i\how
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all tbe bends, valves, tlanges. and other eomponenta • 
·rt.1e restraints ah<.>1.ld be abown in the co:rrect loca
·Uo,n and alao in the correct dirttetion. T.he nodal
nwnbers �b,ould all be 1de�ified pro�rly. Figure fl
shows the typical lsometrio dra.wing which i!!I printed
dir&etly a.nd automatically from thc input data.
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:rf hermal insulation 
and pipe stress 
M often-overlooked function of 

111sulation in piping designs f s to 
rnitlgate weather effects 

.. c. Peng, Pimg Engin�dng, l101,,1ston, 'l'exas; and
r. L. Peng, Tho M. W, Kellogg Co,, Ifouston, Texas

hermal insulation is mainly us0d to :reduc6 heat 
loas and noise levl"J. lt is al�o u�e<l to pr\¼vtint 
burn injuries. However, 11 lcs�or-k.n.own y�t 

mportant function of thermal i11awatiQn is to 1·educe 
�ipé str(>.ss. 

lu a petrochemk.al/refinery corople;.x, pipi.ng systems 
\l'e constantly s.ubjectecl to t.he abul'!� of we-athor t:i.nd 
:11viromn�nta.l changos. Oecrurio1uü rrun showers, for 
n,st,an.ce, c.'.t'ln generate veey high pipe eb·ot\rnes. Ropeated 
ICCUnances can eventually lead to pipe failur�. Som� 
ypical situations when a seemi;ngly innoc@nt rai:n 
1howt.1r may dm;nage a pip� W:'l" di�l.l\l�!!itfd. Sunu1 fif:lld 
•rob)em.s (lrul actunlly be solvetl with u uimple applicu
imi of insulation. Unfo.-tuna.tf¼ly, tho entineet who
:alies only ou a CQmputer to desigu and ono.lyie piping
rjJJ miss out on thi.s kind of cominon sonsQ.

· · -

� case hlstory. Fig. l shows a pipiug system usoo to 
,ransfer a }10t gas mixture frvm the pruoacy r�fo:rme.r 
u füe secondary teformer in an ammon.ia f�ll'tilizer

· 1l�t. 'l'he gas mixturo wos op<m,1ting l\t approxim�tely
·,->OOuF and 500 psi. The main portion of the piping
,,a¡¡ constx-utted with thick, internal t1:1ftac:t-0ry-insu
�tion to �uce the piJ>O metal t(Jmp$ratu1� to appl'03:·
1llately 2oo�F. This section of tlitt pipi.ng is called th@
nld·wtlll µortion, in cont.rast to the externally insu
ited hot-wall portion, whose mijtftl tomp�ro.tu\'0 is
lose to the fluid tempe1:ature of l,600°F. Carbon steel
¡ used for cold-wall piping, and nlloy �t.cel is u.sed for 
ot.-wt>J.l p.'iping. 
Thi� phmt. was built in tne Aarly 1970s. Most of the 

lping was desig.ned using 8 r.o)d.wttll app:roach due to 
�onomic bencfits of using comrnon carbon �tcel mato-
1nl and thc desiTe to :reduce thermnl axpnn�on, Hot
·aJ.1 C<)m,Lruction Wl.ili 1.1sed only at the pipiug segm.cnts
)nnecting to the roformél'$. Fonr trim.\ñ.tionj<>inta con�
�cted cold-wall pipe to the hot•wall pip�.

· Atl.et opernLing without. probJ�m$ for thti lirst 10

Fig. 1. Amrnonl� plMt mfonner plp!ng. 

years, maintenance was perfürmed on t.he pipi11g Lo 
nivªil" th� rt¼trncwry H-nd oo repJuc� thti hut.-waJl i:!JlO· 

cial-ulloy pipc-i. Strange1y. nfter th.1a renuup, thtt tniter 
elbows ut points A and B muu· th!'l cold-wnll/hot-wnll 
junctious developed lellking cracks about overy fouf 
months. The revrunp contracwr wos ctlllcd in to in ves· 
tlgata the pl'oblein. 

As 6Xpect�d, their firsi �tli!p wa� to inpuL the :i>Y�lts1rn 
into a computer for a ¡¡(:r�i,1 analysis. Howev�, H11 the 
oomputer indicated was that. evorything was in gnod 
shapo. So the con.tractor modified soino spriJ,gs ba.sed 
on tho comput� analysis. lronic:ruly, the original d�sign 
was probably done with01.n the help of a sophisticaled 
cof\,p\lter :p:t·cgram. Met sp�nding tho1.u�a11ds of dol
lars r8.placirJ.g thff s.pring w1g�ws, th1,1 s ,st�rn s.till f.ailh
fully füifod about every füur mvnths. You can bet. it. wr1t

vo1-y &ustri\ting fot ihe plant engin.t:ters. 
Aflo1· this axercise, the plan.t engineers decidod to 

get help from a large contru.ctor. For uuknown rco.sons, 
the original contractor wu not callcd. A 11.u·ge co.ntroc· 
to.l' nahu-ally has a gTesti:?r depth of ensinoors. The con
tractor fh-st perfonned a ¡.¡Hries uf'he1ü-iraru�fer calcu
latious to check the cold-wnll s�ction's rrrntul w�ll 
temperature. They unden,tood that a good ann}yl,is 
oceds good dntu. With tbe newly cnlculv.ted metal wull 
tempei·at\1re, they muda o rofined stl'0/38 nm,lysi2 Qf 
th111 sys�m. Again, U1e computer ss:id t>v rything w�� in 
güod 1ml�1� Notiúng t:uuld b¡¡¡ dunt!, ur n�<l�d lo lm Jom-1. 

HYDROCAR.BON f'l\OCESSL'ffi, :llAY l\llki 111 



· 1 1,fiOO"F ,,SOO"F '
�--

/J .. 

�ld-waN 

2, Cold�wall to hot .. walt Junction& In the u) OOf'l'COt amu19emant 
ti u) wrong 1.mangement. 

,vever, out. of professional consdeuce, 01· :w.ayb& to 
iify the fee. for their serviee, they reoommendod that 
;J¡e s.pring hang(>xs be t't'plat�d with constant�ffort 
ings. Result: the same trequent füilure excapt the 
.. em ahanged into a pile of twú�t@d Spflghatt..i 1>iping. 
: constant--eff'ort spring hangoi-s ho.d a difficult time 
ling the s;ystem together. 
1'he problem was later solved by a sroall modifica

- 1 in the insulatfon arrangement. It ali statood with 
1suaJ look at, photos and s<>mt (!íl sual diicussions 
1 the plant engineers. Subsequently. all the origi
spring hange·rs were reini¡¡talled. Tlrn fancy conffl 
1t-effort, spri11g· hangers we� �mov&l �nd d6..�tined 
lll the warehouse. 

d•wall/hot•wall Junctlons. Joints conn©cting the 
· :-,van pipe and hot-wall pipe requiN special an-ange.,
1t...11, in botl1 pipe rnaterial and hisulntion. Just; like a
:' c<u'ltrndor who knows how to tt"e.at a shingle-to-
, 1. j\ll'lction� an exp6rieuced piping oontractor knows
:tly how t.he cold-wall to hot�wall juncHon must be
ttl'\ltted. A small mistake iu the detllil by the 1·ootbr
nally results in constant roof leakage.
¡ig. 2 shows twc> arrang�m.ents of eold�to�hot junc·· 
s. The two do not reslly ap¡>ear diffe.nmt to tha ine:x
enced eye; however, the consequenc� lij th.e differ
' be!;·ween íailure and safety. Fig. 2a s}urwa the
ectanangement. and Fig. 2b show� the often�used
flS o.rrangemont. The original syatem in Fig, l was
:tructed with the arrangemont shown. iu Fig. 2a1
the drawing somehow had mdicated Fig. 2b. Due 
1t� rnvamp contractor's inex.perümce, theji.m.eticms 
� <mnstructed as Fig. 2b, cau¡;.ing constant cracks 

, 1e pipe, 
he pictures are uot obviou:i, lmt onco tlle tornpe:n-1� 

· ' PtOfiles are constructed using t!Ome oommon aeuse,
,. become very clear. In case 2a. the pipe wall ten1-
1t,ure decreases gTadually from l t500'7 to tho design
-wall tem.perature of 200ºF. Ensure that the wall
per� t.ure at the dissimilar weld 1ocation is below
'F ta avoid high thennal sttijSS d t10 to differt,nt
msicm rates hHtween ca:rbon steel and high-alloy 
L 
():rrvarsely. füe t.empe:rature in case 2b dropi;i much 
ir than in 28, The focal point is at thtI lot:ation callt¼<l 
:Xpo._�ing poirit. Tllis is the higlrn�t to1n�ni.turt} point 
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exposed t-0 open air that can be quenchcd by u rain 
sho,ver� ln 2a1 the temperoture at the exposing point is 
about 4t)()ºF� wheroos in 2b1 the oo:mpemtu.re at thc a.�pos� 
ing 1-W.li-nt h, cloae to l,50(i'F. It iH d��n· tlv1t :;¡ much higher 
thermal stress will be ganerated in e.ase 2b. 

Thermal atre-ss .. fl'he tJumnal stress caused by o. tom� 
perature gradiont or disoontinuity nonnally does not 
pt'Qduce any gross distQrtion. Therefore) ít is, oft.en over
look�tL Howev@r; if we appreciata h<i\.V high a sll·e$s 
can hEI gonorated, we wou'Jd pny more &tltmt:ion to it . 
The ma_gnitude of the thonnal stress cun bt� 1·oug·h ly 
e$tiruat.ed by: 

S :.:E a  T ( 1) 

where 8 :.: thermw stress, psi 
a :e, Qxpan¡sion rate, in./in.fF 
E "1' :modultU\I of �lasticity psi 
T = temperature diflerence, ºF 

Por ca.rbon steel pipe 1 a 5001lF dhscont inuity wm 
mean a 1051000-psi th�rmal stress, ThG �t.ro�� will be 
even greater for a stainlesa steel pipe due to fü¡ highe1· 
expnnsion rate. This kind of stress greatly e ·ceeds the 
safe re:ference value of twica tha yield strength imd 
should not be ignored. It is difficult to estima te exactly 
how much of 1<.1 tempe:rature gl'fl.di.ent Cl'm be generated 
by a 1·ain showel', but un.y l1x:al ru·eu wiill a mel·,al tl:un
perature of óOO"Ji' 01· higher should be prot.ooted. 

Showers .. In a petrochemical/refinory complex, sorne 
loc�tions are especfally susceptible to rain shower dam
age: 

High-temperature flange co:n.nections. The 
ASME B31.S piping oode contains u cluustt th1?.t st ipn
lates that the design tempernturc of uninsu l ntod 
flanges, includi11g those on fittings ond va1ves, can uso 
90% ofthe fluid temperntui1) (pnr.�Wl.3 . 2). Thus, somo 
high-temperatul:'I?. ílanges ar@ pnrposelv de$1.gnecl with .. 
out insulalion covering. Al lhough the s H.ua.tion h�s 
changed sine@ Ule 1970s em:rgy ei·üüs, W fi DY ur1 irn,1u
lated high-temperaturc flanges urn :iti l l  in the fi ld. 
These can eaaily develop leaks und cracks nftor 
repeated rain showers. lt should be cautioned , how
ever, that insulating these flanges now might mrurn 
them unacceptable to the oode due to o design temper
atura incre&li!e. 

Expansionjoints. lt rould be for ea�e of im,pt-1t:t. ion 
o.r just dutJ to logist.ic�l probh,rns 10 c;oni-;tructi on , l:m t
many exp�nsion joints are noi. insulat.+!d. Once it. ís hu i l  [
that way, the plant cngineers will noi cl 1ang' it, t-'ve11 i f it
davelops eraeks. They u.re very ofton ,.ncensed ut k.now



t the simple application of insulaiíun will solve 
blem. They thought that it was ¡¡¡om@t.'½ing they 
iuffer through dueto tech.nologieal impossi.bilities 
went tbesejoints from be:ing properly c,'Qnstrucied 

- 1-tenq>erature vnlves on thc cold·wrul s.oe�
1ue to practicality, valves used in t.he cold�-wall 
1 of hot-íluid application� ofien Uflltl! hot�w;iill 
:(meaning without interna! rethActory insula
,hese valves are often left uninsulated for the 

· ,aaons a.e high-t.-emperatur-e flroige connections.
ation is not <fasfrable. thim at l0�st som� type
shield shon)d be provided.
1al bowlng. Fol' i.he:nmu strs�s�s, w� l:'H'� cnu-
mainly with the high-tempernturc areas. These
1 areas that can créat-e high enough thermnl
., to cause cracks. However, in sorne .systrons,
ough the tem�rafau-e is not highi anoth�r thE:lt·
Jet may c,reate a different kind ofproblem. This
isser-known howing effect.
1xample, assume v.-e have a 16··in. gus Hne that
LSu1ated and operates at 200�1l: Dwing a sum�1)Wer1 the pipe'e top may suddenly qttench to
�·hile the bottom mainta.ins 200\}F. This 100(/F
,_on the top produces a shrinkage of 0.00066
1 pipe s,rrfa<,-e. This shri.nkage will bend the pipe
are with a radius of cm·vature t\QUl'll tt) R""
i)66 == 241615 in. This oowing e:ll'ect (}1.g. 3) can
, :l.lly lift the ende of a l00�ft lo� pipe up 7 in.
·� the actual lift will be greatly redu.cod by the
e1ght, its sign:ificance cannot be ignorod.

Damage caused by thermal bowing is often very 
ghostly. It normally happens without v.nybody actuully 
sooing it-. In the aherve cxan'lple. when the shower starts, 
the ends move. up and possibly war off some supports or 
small con.nections. 8(1w(:!ver, when the rain �tops 01· 

wh.en the tempeta�m·es ev� . .n outt the. pipe rnturns inno
c�ntly to it.s initial posit.i.on. lt les.ves fü@ darrn,i� whh
out giving ar¡y cl-ue of tht1 ctrnfl�. 11
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·¡oward more consistent

'iipe stress analysis

Presented are some guldellnes In applylng stress 

intensiflcatlon factors to plplng weight /oadlng and sma/1 
branch conneetions. lt is hoped this lnlormatlon wi/1 

af/eviate the controversy and lead to standardlzatlon 

. Peng, Co.ns.uhing Enginccr1 Houston 

i 1111'1�n l>t:s10N HISTORY. 1955 � a monumental y(lur. 
lwl yt'-.,r thc stress mngc concopt was form�Uy recog
d by tlu- Codc for Pre�sure Piping1 as thc basis for 
@ting tlac-nunl cxpansion :itn:aa. Although thu codc 
ht:cn t:);pundcd and cluifü.:d ovox thc �� there 

' still un:1ettlcd ru-gumenls regarding application or thc 
i iu cr.rtain nrons. T¡wo n�s whi:re .inc;:r>nsilt-cmc::i• ,till 
: :mi stress intonsific.ntion fncton for w,ight and 
r �trnd y loadin.tfs and stt'<'SS intensification factors 
smnll brand1 conncctions. 'Ill� �:i,s will �xplorod 
1C with rmggcations for t�pplying the cooc. 

tress lntenslflcallan factor fot welght and olher 
,tdy loadlngs. Tho slrcn inteni;ifkation Cactors gh�n 

1lic roe.Ir. a� intcndw for flexibility analya� Nt> 
ilk inlcm,lñcation {actor fo. welght �nd <x.-cnuonal 
inga is monlionc-d in the Chl)mieál PbuH Md Pett-0-
1 Refinc11· Piping Code.• Duo to this t.\cll position 

01le cnd,:, pjpit,g designers are divided in actual prac
S0mc dc-.,;ignc� will apply the codc �uu, intensifica .. 
f nr.to� to ai.ll catcgodes of lOlldat while m�y other 

e rncrs lc:nd to ignore the stress intensification faetorn 
e 1 1lctc-ly in _ste"dy load analy.sis. One componcnt ac

nblc to onC! dcsigncr can be .rojcctcd by othen du� 
iff11n:nt qpiniom: in thc jntcrpret&tion. 

, lilO(:AfUION l¾OCl?.SSINO May +979 

• Small brandl connecllon1. The stress Intensifica
tion fo.ctol'S givei1 in the code f or bnmch conn�tfons are
dtrl�d fr'Qm full sizc bnmch c-onnoctiorn1. These fnctors1 

ruthough applka.blc to srnnll branch connections1 can
bccome e,cces.,ivcly conservalivc f or srnall connections on
big pipe,. Bccau3e of the apparent overconsorvatislll1 

dcsignef!I ofhm �nore ::1trc11 intcnaiíicntion factors a.t 
smaU branch oonnectiom. However, practices are n"ver 
corul:stent, For iñstanc<r. 'il is ensy to sce that thll itress 
intensifü:ntion duc to n ¾-lnch connectlon can be igncm�d 
in thc �nnly,is of a 20.inch hender, but for a 3�inch con• 
ne.cti-on, thc factors to �pply will diffcr among designers. 

Stress íntensífícatíon factors 

given in the code for branch 

connections can be too 

conservatíve for smal/ 

connections on Jarge pipes 

2D7 
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f'. 1-Stretchlng a bar with a small holt 

hcse two exainples are reláted to the apptica tion of · 
t ) intcn�6cirtion facton. A-pply or n<:>t to apply very 

1 means sevml timai clifference in tho alJownble }c>ads. 
·;e tU't dctenu¡n<.'CJ solcly by designen' pt>r-.on., I prc

'4 ltcs and inclinn.tions. A ntoi-e OOl'\$Uit<:lH app,-oach 
s to be developcd and adopted. 

STRESS lNTENSIFICATION 
ihen a structul'al membel' is ittetchcd1 s tress üi thc 
1 unifonn section can normaUy � ��lc ... lated by shn� 
Jonnul� but the stress in n locnlly no·tched or stif
:t cfücontinuous section is eit'her vcry cnmplicntcd or 
i:iwble to ctikufotc. For practica) dcsign pl1rpose, 
� at thc disrontinuow. sectioo is �tinuitcd by applying 
reas intensificution far.tor over thc �trn� cakulntccl 
e ma.in unif otm St-'Ctinn . This st..ross il'tLcnsincatio1 1 

be derived thcoretically or clcte.rmined b;- test 
: a structural diseon>tinuity, ttress int�nsifkation cnn 
1uite different for diff ercnt typcs of loading. Fig. l 
'' a long rectangular bur wlth u ffllall holt! in th� 
· lle of the iection. At Section A·A outs.i<le th(1 influcnce
nd fixtures and thc hoJc, thc stl'(.'S!i i5 . unifonnly dis�
1 ted at a mag-11i tude of S = F( ( bt ) ,  .fü¡ t a t  S.�ctiou

· 1 due to discontinuity in strain fio\�1 tht stress is un-
1ly distributed. A maximum streut S111,m oí about threc
� the uníform stt� oc:curs . a.t  tht! nclge¡¡ of the hole.
stre$$ dect'eAJics very ni.pidl)' at poinu '1way from thc
of thc hoJe . Theorcticruly, tht� holé hM crell.tcd a

1 intonalficl:\'tion factor t>f lll1')e1 bi.tt. i lli signiticAnc.e
ff erent for differcnt matcrials.
1r � briule material such ns glas.s, thc hole wHI degrade
oar to one•third its originnl stY"et1gth boca.\lae it faih 
on u th� ma,-imur11 �tr<� reat:hcs frulure stl'ü$S. Pi,ping

. ninls, on the olhet· hand1 tlrt! normaUy vttry ductile,
" con�dcrahlc: amount of yicklin¡; Uikt$ pfo.r.c bcfore 
mcmbe.r faals. With ductilc� míltcrlu.h th<! �trt;:Si in
ifü:ation need¡¡ lo lx: intcrpretcd in l\VO d_iff crcnl 
�rics, n:imcly st<!i.dy und c:yclic. 

ildy loadlng. U 11dc1· stcuJy k\11.ding thc hihmly local-
st.res� conc:en1rutio11 wilJ be rcdi�tributcd to th� ad

nt ¡¡,rea once the local stress rcnchcs the yir.ld p-0in l. 
· nlually thc 1� wilJ sp.rc<1d cvimly to thc whole cro35.
on hcíclt"C thc bu fílils. Thc lmport,uH st l'ess h1 thc-

11.11\er bvn,o 

n;distribu ted :strf'..SS priol' to the fn ilurt. Siw.:e t lw re· 
dindbuttd s1 ,-ess i$ css1mti.\l ly llll' ,M:ra¡.;t· strcs:.. tlw :.lrcs.i 
intcn.sificatíon fa.c tor for stNHly Joncl i nH is 

. _ fAb-J )  _ u 
·� - F lCb ,-- =u, = d)

( t ) 

wh idl i!l crltircly dut� to rcduction of 1 1 1.: rrnss-.seclioual 
nreu. 

Cycllc loading. Under cyclic lom.fü1g- thc 1 1 1crnber (a i l:i 
�ue to fatigue. Sincc thc prinmry mcusm-e uf fatigue faiJ. 
ure is the local strrun ra11gc pcr cych:, n:di�1ribution of 
stress duc to plastic flow i� not \'l:I'}' l 1 1 1 ¡ ¡.ort,,nl .  TJ1c rcfon: 
the stress intensiñcation faetor f ur ,:yd ic lo,tdin¡{ is 

( 2 )  

whi<:h h the measu1'(' oí tlw m:1:<inw1u Joi;:d fü'.iin . J'i,i1u 
Í!> thc maxhnum e(.1u1vakn1 1·l.1stir s t rc� ratllcr t hnn tht• 
actual stress, 

Elbow stress lntenslflcation factor. I n  p ipi ng' stn:i;s 
,malysis, the dbow fü't!SS intcnsifie111 io1 1 f: 1c1rn· ti. ¡wrt in1, 
larly im.p01"W.nt not ouly b0<:nwu: t lH, i-lbow 1·011.� l i ltth!ll 11

majQr porcion o{ thc �ystcw but  :il:1 1  b<:cau�l' it is 1 h1· 
basb for dcriving the stress i11tcmitkmio11 fot· tor f or oth<:r 
component shape-s.. Fol' instirnr.e ,  M:nld� sw:ccssfu l l y  us (:d 
elbow ana!ogr -to eori-ehi.te his fa1 iguc l t'st l't.:.rn l ls 011 ices 
W1d mi ter tends, Usirtg thc e,p1Í\'alc1 1 l  duuws ,\s showu 
in Fig, 2 1md nukiug uclju�trn�m ts for "<:l ttn l  ti·olth r.:\d ius 
r.nd lhickneM� a set of !>tl'CSS intéOsifii;.ttion foClOl'S wm 
constructed usiiig a ingle flcxibility clrnrnctc1'is tk ¡.una• 
meter, h. A detailcd discus:1ion on cilio\\' rharac lcl'Í� t ics 
is bendici�J in undcrsumdiug th(! g-cncr:d trend d . al !
components. · 

An clbow behavcs vurr clif
fcrcn l ly f m1 1 1  a :; t r1 1 ii,:h t  p ipl·

in resi5ting bending moments. v\lhe11 ,l str. i igh t ¡i iµe Í$

bent, its <;ross-st.-ction :ret111\ ins circul11r and strrss in<:1T.tS ·,

Jinearly- wlth d istance from thc neut l': l l  ax is . Howt:vc 1 , 
· whtm a.n elbow is bcnt as shown i 1 1  Fi�, '.i, thc CfO$>· 

.�('('.l ion dtifonm to an r>val shapc .  Th;s 1 1va i i .-.;u io ,1 is d 1 11 •
to los, r1gidity al cxtrc,n,: fil>ers in thi.: , 1 :i 1 1 ,4P 1 1 1 i,d l · l 
direr.tion , and foss cncrgy bcing needcd for d\<' c\h()w to
a�urnc a,n ova l  11lit4pc than to mnintain a c in: ubr <:ross
seetion. Top and botlom rortiornr uf dw pi pe wal l  s impl)
bud,; lc i , i  to escn.pr. from e.4lrr1•iug- lhL'i r propt"r -.!un·



Ste.tlol\ O•fl ' ', � _' loo��dl� . 
· , ... , ·' etressn -· ·;.

g. 3-Stmi dQforme.tlon ol an elbow

i thc load, Thc bcnding mom(\nt Ji¡ r�sisted es:.<mtially 
1 y lhe sh.i.dec,1 eff ective soction. The_ m�murn itr� 
',oint is shiíted from Point A to tbe tffoctiv� cxt�mc 
oint B. As thc cros.'1-s-cctíon ovaJs�· a· locai bencilng st1� 
1 also produced arnund the c::ircum.f enmtQ. The ma�lmum 
,rcumforent.ial stl'eS$ oc:r.urs a.t Point C wh�ro the .radiu� 
f cutvature h tht: s.mallcst. 
: Malheinatit.llly thc maximu.rn longltudinnl $� a.nd 

cumforential stress can be cnlculMed b}' using thc
,lklwing stre..� intensiñcation faetors :•

/J¡ ::: 0.84 / Ji ir,, 
} in-planc bendiug (3) y¡;. l.30/h'R 

p.:;:-; 1.08/ h'1" 

} out-plnne oonding (4) -Yo= 1.50/h:/:i. 

Thc c.-¡pf'rimcnlally mcn3urcd di¡¡trlbutions of Lhc 
>ngitudin;1t a.nd circwníerentfal stre� of n. 30.inch
:ipc elbow $Ub�l to in-planc bending4 are shQwn in
ii¡.:. 4. Mnximum drcumícrcntial stress is notmally grcat�r
111m thc ma�imum lcmgitu-dlnru stress. How-ever, the
nture oí th<'t lwo strt-ss.e11 is quito diff,mmt, Thc longi�
udinal �tl"eSll ii. n m�mbranc st�, wt1rkiu� di�-cdy ngnimt
11\ 111oinrnl, whifo lhc drcumfcrentra.l slres.\ is n skin
c-ndin,.-: :llro!S rcsulting írom local deíMm,tian.

�0de stress lntensiflcalion factors. The stress .in-
 ,·nsiñcntion foctors givr..n in thc codei are 1ntendecl for
HJrrnRl <'JC1.mnsion and other displaccment toads. Thc
ature- of thcnnal cxpansion load iA different fo">m that
f wdght ;md othcr s11�aincd londs. Thtirmal cxpnnsion

, ' 11olf.fünitlng, It i:i a :;train c:t1ntrolfod ñw.cling rn\:h lhal
•u�,, th� :-trai,1 rcaches a poinl lArgc �nough to oom-
10nll(lle far thc cxpa11sion1 gl'owlh lltO'pli rt;!gnrule� of
1c 1,r:hml �t,,·�- dwQlo¡x-J in thc ll)l�lcni, It i:.:�n nut ''º"'
1ltlll}· c .. '\11�· M}' struclornl dmnugc in Ofl� single appliGn•
· Q11, but c.rn (:.lUSt' fatigue Inilure through 1�pented ex
l'lnsiM nnd co,nra.ction (".ycJcs. Thcrcf orc, for evahmfü1g 
lr.rrnnl r.:cpl'lni<ion, tlu: :,trc..� intan1ificAtion fac;tor is d\),.
!t1ni1wd by thr rn.tio o{ thn ii.trcs., c.aus.ing faih..1r-c over a
ivt.:n n1m1hr:t of r.ydC'$ in <l str.light pipe to thc s1n:ss
au�ing failun- at .l com1mnNll 1111bjcct to an equal num
r-r oí stn·.� 1:yd,·�. Cock stress intcnsificatiou f-actors a.re
�·dic. or fa1ig1;" stress intr.nsiñcation fru:tors in which
h� lotnl pm1k Mm.� ii: govcming.

May 1979 

Thcoretically these intensification., are equal to thc 
mnximum stres� intensificatl.<m C)(isting in ¡m)' region imd 
dircction within n (."Qmpommt. In UJl clbow, f or in�tancc> 

the ci.rtumfeJ'C'ntial st�ss intenslfkation foctors 1.80/ 1iu� 
and l.50/h2'' for iu-plti.ne and out-c,f-plnne bending�, 
res�ctively, shov.ld be used. Howcvcr .. intemive fa.tiguc 
t�ts on various componcnt$3 havc shown that by using 
unlty as the fatigue tifo of girth weldocl or darnped pipt1¡ 
th1i cffective 11truss . intensificati(m foc;tors of elbow& in 
b<,nding fatigue were ubout half thc theo�ticaJ v:.)ue. 
By di-viding thc thew1Hkal factor by two, the code slres.s 
ínte.nsiRcation factor for elbowi is ns follows: 

l'n-plnn<r lltrc11� intcnsification factor 

i, :: 0.90/h�l 

Out-Qf-plane stress intensilicntion fartor 

,-., :::� 0.1:,¡1,u;, 

(5} 

{6) 

The stress intemdficntion fnctor:1 for othcr componcnts are 
derived by using elbow a11alogy c.-.nrrelated with test 
l'C!iUlts. 

STRESS INTENSIFICATION FACTORS 

. FOR WEIGHT ANO OCCASrONAL LOADS 

No stress intensiñeation factor is explicitly sw.tocl in 
the Chemir.nl Pl1mt ,U'ld' Pct1"Ulü\lm fü:fincry Piping Codl.' 
for weight and oec..sional londll. Wcight l'lnd wind iu·t. 
su,tained loadings. They an; not sdf-lirniting, uncl alwi\)"$ 
require íl static cquillbrfom betwcc.n thc stress dc:veloped 
in thc tomponc-nl nnd thc load :\pplh:d. Onc-c yid� poi1:t 
or colln.pse load Í.,; rcuchc.xl, tJw .romponcnt wtll fail 
regnrdk-Ml Qf thr. :vnount r,f dcformn.t1on lh;\t hni( occurred. 
Thereforc, the �tres.111 to be (:onsklerud in wcig�t ;:rncl othcr 
si,staincd loadin,iJ$ should posse�� thc ínllow1ng drnrac
terlstics: 

.,. The stress is in ¡i clirct-tion dirt•ctly agnirnt thc 
loueling. Only the strc��c.� ;1c1 in� :1.1,::i i 11,� i dw lc.iad nrc 
lond-,·nrrying !ltr�il'Y'll-

.,_ Thi.: �tl'e$S is tlw Average st1'\:�s 11r1-r-r,¡_� tlic wnll tlaick
ncss. Thc UY\:r,lA'f' i-tl"<'AA i:c. ,Ktunllr tlw remaining stress 
,tvnilablc for C.'<tr.rnal l"quiljbrium .1ít1·r tht: iutcrnnl mu
tunl ca11ccllatlon. 

Theory and experiment indicate 

the same code stress 

intensifícation factors intended 

for flexibility analysis should 

be used in weight, occasional and 

other sustained load analyses 
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ARO MORE CONSISTENT PIPE STRESS ANAL YStS
. ...,._, . 

��. 
Cltcumtillenli;;,I &lfil&& � mh�rent round-houSt! stre�s-stn, iu nin·{ · i ,f t ht · n ,: 1 1 L'ri�I

t.onglludirnal fltru� � h' h f1 i ,...,�-,-,-,----
_
,.,;;-�"",'l".U----------"---- .i i w 1c a.ttcns toe load-deílcc.tion l:Li t n- a l  .1 1 1  1·arlic.:r

Oullllf.iw $\.ltfa,co \/� stage. 
� �  

. . • � . ¡ , . - !  1

� l STRESS lNTENSIFICATION FACTORS 

f} FOR SMALL BRANCH CONNECTIONS

� j Thc codc stress iuten:sifkution f :ictors fm· tL'l':- �rnd�- - . L � 
¡ ' .. � . 4. 1 l

¡

. � \/ branch conncctions wc-rc dorivt'd frorn f 1 1 \ l ,i-i\'.1�1 l i r: 1 1wh{ ! <:o,�nc�.
tio,�s. fo t1pplit:i:tion1:, wh.crn •. 

da: l i�;1 1 1rh s�1.1: is 1 1 1 1 1d 1
t iil 1m1aUc1 th,1 t 1  thc: f\lll $11.C, ap1•l1rnl 1on DI t lw,.,· l , u-.Lor� t'IUi 
{ i be �ro�ly loo constrva l ;v�\ Al tl io 1 1,1.;h ( '.1 1d1: ( '.rnw N1 1. 1!i ,
t� "":lueh wn� Slib_�\lCnt l)' mcorporntc<l i 1 i  l lw nxil·, pro�

, 1_ _ � � Vl�t'.d oome relwf co thti brnnch its1•1f, ¡ l t) id i :othing loj. . _ Q rd1cvc rh� HH'lrncnl load trnnsfcrrcd 1 h 1Yn1i,;h du; nin
1 

• ' '  ' TJ f 1 . 
. 

-1 � �� pipe. 1r.n� ore, w- wn , t  ,·onws 10 thn  1·u 1 1  1 1 ·01 1 1n 1 1 ,  t lw. .. · ! · ·-It� � . ,.;urreot pr:i.c�ict.� is to ;;nmpletd}' i¡{IH)I'\: t hc : \'C1)" m nll
. -! . -- � "

r -f· . 'tt b.rnnchcs_ whu�h  tuc deíiiwd rather arbi trari ir by i 1 1divi-
t- t · ! - - , � t dunl da.�1gners. 

� .. �- - ·.¡ .: ; 'l ·rl � . Jla��lllly_, lhe pn.'Sc.Hl l 1,·1.x:ic l'I' ·.' l irt� tha t a 1 1 1 1 i ro n n  Sl l\ll\.'i 
1 

... ..,... _ :e� U\t�lHllÍlCUt.lOn factor VV U8CJ J ur 1 1 10/ l , t'l l l �  :wti i 1 11 QOl h$O lSO SO UH) 150 l&O � "- through thc brnnch t\nd Lhro\1/{h 'thc: ron .  J,'or ;1 r�:d �,n�d
Pos!llon ar.,,le 4> .  d•><"'rws. 1-

1 " t 1,1 • t· 1, t ' 1 J .• 1 · 1 · · "" -.. , "' -.u '" ' · ,-e se,: in1 1 mo�_ , 1  u:. LHit.'1;.J tH <. c · t<! 1·u : 1 1 1 1 1 1g hrnud1
-Varhstlon of stress arouna tno circumf@rence ot an ll,t 1'<'-U c�l) use ll'<>·( ·tdlc<l cfft�· ti q• hr,, , l l ' l i  w.dl th id-1 :t•s., 
iWlth a 30-inch 00, 0.St5-inch wall of\4 .ij 46--inch bend " � ioliWod of lhti .1.c l1 1al thirkiu·s.-.. Tlu· df1·l·l i\'t' hr: , 1 1d,

't�thkknt--�, T�, is tl 1(• lt's.<11•r of n i n  t h idnn·.;.,, , '/ ', , 1 1 1d t l ic
�... .l t A,¡' f l • . , . • �--- prouuc 1.11 Otl t-o -p :i11e strt\Sll 1nl�11t,1 1c;1 L111n wid b1·:1. r 1c ) 1
{t th idrness i.-i"1'�, In oth�r word�, thc :;t ri·�,; intcusi fü·., t inn

m lh� two cri leria aud rdcrring to Fig. 4, l l  can -� ¡ ba.S(:d 01 1  ?'·;�1�d1 �1� •�t t<H1 1 1 1 odulw, 1 ·n 1 1  l i�i l'l:dm·�d
. �

)' a

,1duded th�l in u.tl clbow the stn� lntc.nificat iou «: � �acto1· ol 1 h/ 1 for n1omNHS u«: t 1 r 1� r l iroug-h br: 1 1 1d1 I IHtl'\'

ight ar1d other sustainc<l loods ¡¡hould he i,pp.rox i�  -i& 1s HUI n() J'l.!l«�at io� giv<-n to t'IH'. n irn:wrns (' ;Hri t•d st r:1 1 ¡.¡ht
1 &qunl to thc longitudinal �trc» inwnsificu.üon. Thc l-.. t hr<>ll�h thu nui fl 1Pl�. 
iotemific.Ation in thc drcumfet"ntinl diroction is -� Empidc�l ly, thc strc� inh'n�il ica ti,·m ianor fo1· a n  011 1-

iportant hemi bt-causc it is not in the loilding dirc,;:� � �of-pla.ne beuding mo11w11t 1' ppli<"d v, t i te br:,nrh p 1p1 •
'.id has very �u��ll average �tross. 

. 
· f '-tan be t�>:prrniscd asª 

,11 the stress-r.ursmg Íllf.:lor m a gtrth w�ld wm not l, 
'Mdy iÚJ'ccl l'hc load-t:�1·1yirig <:Apt1t:i1y, the. theot'(',s 

? stress jntcni¡ification fo¡:tors shown in Bqau.tionn
' 5 �nn be used dircr.:tl}' .1.: ,  ,.m in rrfon.Hlc<:: to g-lrth
l pipe. By tompn.ring I::cp.intions i 1 41 .5 �,;id. 6 ít
r that tirn rod�! i,tress in lt.' t t:.incal.ion factor:. wn nl:io
Id Cor wcigla uml othcr sust.üm,-d lwH:!11 1�� without
ll'QUt:h il.CCUnlC)',

..1 �e are purnly rnat:h(:1 m�tical dt,duction� which n�d
1ubnuntin.tcd by t:xptu·iments. Tlw strtll!$. in tc.nsitica-
1easure of a componr.nt subj<X�t to ¡� s.ustained load�
its CQllú.psing nrcngth, nolL trnd 0f1.!1.m.s.tru�tº huvl:
�ub&lantial 1.ei;1s íu clctr.:rn1ining tbc coU��\: londs
:>ows. Sclnooder/ on tb� othcr hand, h;l� done the
f or branch conne.c.tions. Somo oí thcú· le�t resull�
mmi\ri� in Tahle t , Tlm doow eollñp�e morn<mt�
· in thl! tl\hle aru ta.kcn at th� ccntcr of e.loow
.thet' th�n M llw loadlng (m-d of dbow cdgtt ni in
.turc ci ted 6. Thc code sl.t'\:ss inlensil"kation fat.:to1-s
e Mt<:d :a1�'ónl Loes are t.:illc�clatcd by assuming a
! reinforcing J)i1.d having a d iªgo11.i.l d irncnsion the
as the thro.11 d im�usion of the cro1d1 mdius. 
in Tubic 1 ,  aiain i l h a p p nrc u \  that thc strc:�s
ificMlon íac tors ;u, rcprl::11.'\H� hy M ,.¡ M,- iu-e vwy
lo. thu coclc sti,·ss in tcnsiilrnt iQ11 fortors in tcndcd for
load ingli, Tlw so11 1ewl1;1 \ br�l'f f¡1( t11r t"xpt:rie1H:cd

t: stainless s l «'i.d cl l'>l.1\>' a ¡ ip1•ar.. lo l>t' 1·a 1 1:1l�d by tll l '

( 9 )  

Extt.1.il ior tlm ( rt-/1) 11� Hwm. füJuat ion ! J  i:- l l f l l!:-:t,n
i..: ··¡m,ssiou QÍ c.ocli.! n�¡uin!1 1 ic11 1s . Thc: 1 1: 1 1 1 1  A ( r / "1 ' 1 � ..-J
is thc rnclc stress intcnsirirntion factor wiLh .-t :;; O.:n:,
íor a wdd i 1 iic lC(� .t i )(! ;iO fm·t h ,  al ld ( "/ '¡, / '/ ' )  i� t l l l '  ¡ •Jf¡•c
livo thkkncss factor �t.i pultl-ltd in Cod,• C :a�· No. :d .
Sincc tht� ( 'r.rn factor h.� lwcn inrl mkd i 1 :  ü 1t: uJtli.:
definilion of cffcc t ivt'. hr.md, w:.i ll t h ick t i t·�s. i l  can lw
removed· from the (:quation . 'B)' n�atTí11 1�i 1 1g 1 lw <�1 1 1 ; 1 t io1 : ,
wc hiwe 

( l () )

whtru it) is  the codc..'. -�trf'.t.'I Jnwnsi l ic: 1 t 1 í 1 1 1 l :1 1 1nr. \'\' i c tw1 1 t
tht! effcc.tive t.'h.ickncs. factor, Equat inn JO  1 . 1 1 1  .t lso l..t:
uscd for momcnts ae.t i t ; • : 1 hrou.�h d 1 1 i  su: , ir,'ht ni ni; Thi�
t\\llH\tkm (!:\11 servt: n.'t ¡� gl'adual tnn1:.:i t iui : fro1 1 1  t u l l -�i1.t'<I 
u�1llt:ts lo Sl ll.lll ccmncctio-m. 

CONCLUSIONS 

Cur-i1:ntly thcrc is t\O �·:-.:.pl icit sl:l l� 1 i 1 1 · n 1 i 1 1  t l w  t ' ln · 1 , 1 irn l
Plant Ql\d l1etroleum Pipit1,� Cock n•, ¡ uir i 1 1g- 1 / w  ;q 1p l i c: . 1 ,
tion of a m�ss intensificat i()n fae 1� 1r i i l  1n· i� 1 : 1  . 1 1 : d 1 1 t l 1 e r
�11staincd k>.1d aualy�cs, _,\ ¡ >pl i 1 · ;1 t i 1 11 1 of i i ww . .  1 1  : , i i ., i .,
¡ lwrdnrt! cletnininrd b�· t l l l '  dl!);i¡�H s¡w,· 1 l i 1 . 1 1 i1 1 1 , ¡ n 1 ¡ ). 1 n'<I



TABLE 1--Collapse moments on elbows and tees 

Coct. stress 

1 1 placo 
Yleld Test piece Strai,!1t pipe lntensl f. 

Mit-trlal I stress (ksl) Momcnt dlrectlon M 1)11, M�/M 1 

ll ,Sd1. 40 lR elbow . . . . . . . . . . . . . . .  ----�:1,� A-1068 ¡ 50.0 _ 
In.plana cpen

_. __ 
2
_
Js 
__ .1 __ 

s
_
64 

__ 1_:� ----�
2
�
,2_1 _ 

i; ,Sch. 40 lR ulbow. . . . . . .  . . . . . .  . . . ASTM A-1068 ; S(tJl h1,pl1ne closa 2()8 564 2.71 2.27 
------------ _., -�-t------1�----· �---·- --1-----

lí:Sch, 40 ll hlbl>W . . . . . . .  : .  . .  . . . ASTM A-1068 so.o Olll·phme 234 564 2.41 1.89 
.... __ , .... ,.,., - ···- ---- - ··· -····-·-·te. ... .. _ ... ---·--··, _•• . _  .. , .•.. -.... .................. _ ..• ___ ....... , --- 1------1-----
6· Sch. 80 lR elbow . . . . . . . . . . .  , . . , . ' ASTM A.•1068 31.8 l 11-pl1nt open 435 627 1.44 1 .64 
..... - - � -··----------'- -----·- ----------ll-------1-------1- . .., ____ .. _, ____ .._ ....... r--

6: Scll, 80 LR elbow. . . . . . . . . . . . . . . ASTM A·l068 37.8 ln-planu :lose 358 627 J .75 1 .64 --{ -----�------j,�=----,1----;,,_,,1---------1,.-----1---�-w�=,l====e= -- - -- -·---· ·. 
6•. ,Sch. 80 lR albow. . .  . . . .  . . . . . .  . . . ASTM A-1068 37.8 Out·pla1,c: 4-09 627 1.53 1 .37 

·--····· -- --------------1------1-------t-�---

6- ,Sch. 40 SR elbow . . . . . . . . . . .  ' " "  ' ¡  ASTM A·lOG8 39.6 l n·plane open m 447 2.43 2.96 
��--=-=;, .. ;,,,...,, ..................... .,,.,,__ .. ,_}-,..··==�····=, ...... =•-=-1=====1-=-==':l.�'="�'=�'"· .... ,.,,_,e ....,,...._..., .... --'-"' ______ ,· .•.. 

,._ Sch, 40 Shlbi>w . . . . . . . . . .  . ,  . . . .  l ASTM A-1061\ 3t6 ln ·plane close l 75 447 
------��--,L ----.....f-----1-------...J...----1-----1-----· 

2.55 2.96 
-

2.ZS ·u3 f;i ,��- �O SR elbow . . . . . . . . . . . . ,  . . . 1 ,'.STM A-1069 3U '  Oul·pl10� 1�6 447 
·----- ----1------1-----�1��---1----

&, ·scuo lR elbow . . . . . . . . . . . . . . .  ¡ AS'fM A·lll JU fn,¡;lane clo� l l7 426 3.64 2.21 

� -in-. O-D-0-.1-.-.¡n-.-t-t,�e.-.-• . -. -. .  -. -. -��7���-1 ·1-u-·20-c·.---==�:
º

====25:.o
.�::_

r--h,--p-la_n_o_==t=,-,
=

���17=-r_-____ � ____ .-_��w._-::2-_'.s-,_··
= �-��----1.57 i .n 

......... .. _. ,._  .... � ......... , .. --
3. n, 00 0,14-in. 1 tee. . . . . . . . . . . . . . AISI l�OC SU Oul•plarw 28 ] .93 1 .96 

l th11 owner ar its agent. Howevert th� a.re widely
' íded opinions rega1-ding the :magnitude of th! far.to�
1, .:>� llSl�d. From the discussions pr�enled in thi� a.rtkl<\ 
-i ppcnrs lhl\l both tb.,.-ory ::i.nd exporimont ha.v� indicitw
1 , snm<: code stress intens.ificnt¡on facton intended Cor 
f, libili ty analysis should also be used in. welght1 oc.
e:_ onal m1d otb-et su:itu.ined loa<l analyt1err.'

· ior branch t:onncGl.ions, thc code stress intensitkation
E 1or& Wl::re bas.ica.lly obt11.ined from test¡¡ uri fuU--si7,í)d
tt lct connections. In smaJl.sb:cd outlet connectiomt the
� e has providcd �omt� relicf for rnomcfl l3 �ting through
l: ,11:hcs bm no rdief is given far 1nom(mt.1- ��ting iln'o\lgh
� Mrnight runs. J\l though c-.ommon practke is to ignore
� &S intcmifir�tions al very su iatl lH·tmchc;1.1 l\ guiclcHnt:
1 i tcded for rnaking tho dedsion. With the unresolvcd
s. �tion tha.t ell:ists1 a de:.igner'll rathe.r a.rbitrary decision

"--' 

�·
1 
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ca.u artificall}' make a c:omponcn t sev(:ral times weaker 
or strnnger. This inc:onsistenc.y r:in be greatly mitigat�i<l lir 
n 1ultiplying thc c.-ooe �tre� intcmífic;\ tíon factor with 14 

gradual siie rcduction factor ( r,/r) i t i. This fac:lor lrn�
bccn adoptcd in thc Powcr Piping C0<le" for· certn in 
bmnC'.h oonmi�tions. 

NOMENCl.t\TUl\t: 

{J ;,;;; S i ,..,/S, longit-udinll strOM intcnalticatlon f11c:tor'Y = s ... -1s, circumfctenthll ltrfll intc!lJifittttion factor 
Si ••• = Mujrnum longitudinal atn:u, psi 
S, .. .. .;;:; Mn.··dmum drcumfcnmtinl strc�. psi 

. S "'  }1 /Z; <t!-1-uÍv�lu_ nt lwndiri�. �tn,J,;. dcvclopcd i11 n �traiglH
p-1pc oí idenhc.al cl"Oi$>�t·ct1c,n, p�1 

M = B,mdfog mnmcnt, ln,-lb, 
Z = Sectioo 1m1duh14 o! lhr. pif)� sct:\iun, in .� 
11 "'- TlUr', tht í\u:i<lbi'l i t>· dnm1ct1·1' Í 1 t il' 
R = Bend radhu, in. 
T � Wall thid111m Qf thc pip,, In .  
l' "'° Mean 1·1&cliu� ur l lui pipe: l'l'l)SM-CC. l ioo, in.
i, = Streu ínten1ificntlcm {11ctor for brnnc.h r.onnaction 
,-. = Mean nidius of brimch pipe, in, 

T. :ai 'fhitknco of lmmdi pipo1 in • 
.rl :;:  Empirkn.1 c-ow:la lion eor1Str1 1 1t. 
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JQulck Check on Plplng Flexlblllty 

•• C. Peng. PB
/eng Engineering, Houst.on, Texas 

.BSTRACT 

me major requirement in piping desi¡n is to provide adequate fl-x
-lbili ty for absorbing t.he thermal expansion of the pipe. However 1 

1·ue to lack of quiok method. of cheoking, pipings a:re often la id-out 
':o be eith.er too stiff or too flexible, In either case, valuable 
lime and material are WQ$ted. This paper presents some of the quick 
!�thods for checking piping flexibility. These methods include
íisual, hand calculation, and micro oomputer approaohes. They are
'.11 quiok and ea.sy for desisners to use in plannin¡ their layouts.
1nce the designers have taken care of the flexibility problem, the
;lterative procedure between the stress ensineers and the designers
·1eoome simplel". The projeot sohedule can also be itnl)roved.

)IPING FLEXIBILITY. 

�s the pipe temperature chan�es from the installation condition to

.·he operating condi tion, i t expands or contracts. In the ¡eneral 
!erm, both expansion and oontraction are called thermal expansion.
·hen a pipe expands it has the potential of senefating enormous 
:orce and stress in the s1stem. However, if the pipini is flexible 
·nough, the expansion oan be absorbed without creating undue force
,,r stress. Prov iding the proper f lexibi l i ty is ona oí the ma.j or
'1asks in the design of pi pina system.

1ipina is used to oonvey a eertain amonut of fluid from one 
·oint to another. It is obvious that the shorter the pipe is used
:·he lesser the capital expenditure is required. The long pipe may
illso aenerate exoessive pressure drop making i t unsuitable for the
·roper operation. However, the direot shortest layout cenerally is
' 1:ot acoeptable f'or absorbing t.he thermal expansion. 

!1iiure 1 shows what will happen when a strai�ht pipe is directly
¡onnected from one point to another. Pirst, coneider that only one
·nd is conneoted and the other end is loase. The loose end will
�pands an amount equal to

6:: e L 
¡ 

¡·owever, since the other €nd is not loose, this expansion is to be 
·bsorbed by the piping. This is equivalent to squeezing the pipe
o move the end back an A distance, This amount of squczzing

1reates a stress of the magnitude 

S = E ( 6/L) � E e 

1 



.:,:.:¡.;-------·-.. _ .. ____ """r� -J
(��--------------

:¡.. 4 .1 a ,r[ 

::�) ________ , ____ }4--F 

Where, 

A - thermal expansion, i.n-

e = expanilion rate, in/in
L - pipe lengtb, in-

s : axial stress, psi 
E : modulus of elasticity, psi 
A

- pipe oross section e.rea, in2.. 
F = axial foroe, lbs 

Figure l 

Ti force required to squee2e this amount is 

F = A S = A B e 

ri,e a 6-inch standard wall carbon steel pipe for instance, an 
i,rease of temperature from 70P ambient to 300F operating creates 
�1axi&l stress of 42300 pai and an axial force of 236000 lbs in 
�. pipe. These are exoeaaive even though the temperatura is only 
S,F. It is olear that the straight line direct layout is not 

�eptable to most of the pipin¡. Flexibílity has to be provided, 

tANSION LOOP 

�>in¡ flexibility are provided in many different ways. The turna 
'. offsets naeded for running the pipe from one point to another

J-1 1 vides some flexibility by themself. This inherent flexibility 
' or 1oay not be auffioient dependin& on the individual cases. 
iitional flexibility caribe provided by addin¡ expansion loops 
1expansion joints, In the straieht line example discussed above, 

\: stress can be reduced by a loop installed as shown in Figure 2 
�lby &n expansion Joint as shown in Fisure 3. 

r� idea in Figure 2 is to provide 
pipe perpendicular to the 

1·eotion of expansion. In this 

íl] 
· when the pipe expands i t bends \, ·,' . t.()OP l..éM;ill

\1 loop leg first before transmi- . __ � 'ng any load to the anehor. The 3 ;;;;;i-----•r.u t.... 
)ger the loop le¡ the lesser the -i J-e-�P.ANS1a,...,,

:oe will be crea.ted. The force 
iated is inversely proportional 

�1 the cube of the loop len¡th and 
1 stress generated is roughly 

2 

1ersely proportional to the square of the loop length, The loop 
1etimes can take oonsiderably more spaoe and pipin¡ than what is
,ilable, or economioally justifiable. This is especially true 

large high temperature low 
1$sure pipings. In this case the � 

: ·][illl :� � ter method is to use expansion 
- = 

·nt. Expansion joints are more -�--------�
1histicated than the pipe loops �----��-
oh are just extra lengths of 

same piping. For this and Figure 3 

2 



.ther reasons, engineera tend to favor piping loops over expansion 
-:oints, However, expansion joints oan be used effectively in many 
,i:pplications when thoy &l'e properly desiined. On� of the 'majar 
:iequirements in the desi(n af expa.nsion joint system is to install 
1ufficient restraint$ for maintainina the stability. This artiole 
1eals mainly the loop approo.ch. 

'!HE CRITICAL PATH 

1n designing a plant, the piping is generally routed or laid-out 
',y the pipin¡ desi¡ners then oheckod by the stress engineers as 
-�own in figure 4.

Piping Designer 
(Ínexperienoedf 

Not 

Stress Bngineer Piping Deeigner 
·llxperíenéti'aT"'

No Revisi.on 

Figure 4 
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Tire is a marked difference in the layout done by the experienced
a. the inexperienaed designers. The experienced designers know
t · importance of the flexibility. Howover. they tend to provide
t, much flexibility in oontrast to the inexperienced ones who
t'.::d to provide little flexibility, In either ca.se, the result is
a::over priced project,

�- layout done by an inexperienoed designar is normally too stiff
b1ause the deaigner does not know how or too timid to add loops 
o�offsets. If a pipin• system is too stiff, the stress enaineer
wH a.lmost certain to find it out. The stress eng.ineer will send
t.· design, wi th recommende-d loops, back to the designer for
r·úision.. At this time, the de�ianer bave made sorne more layouts
ii:the same a.rea ma.king the revision very difficulty. On the other
b,id, a layout done by an experienoed designer often conta.ln�
t.:. loops which are excessive ar not needed. The excessive loop�
L normally maintained without revision, becuase it is a common 
pitioe not to changa somethin� which works. The experienced one 
�·ht have saved the manhour needed far the revision. The cosL of 
t.L excessive loops can be prohibitive. 

� oost of the project can be reduced substantially if the right
�;1\mt of flexibility is built in the piping at the initial layo\tt. 
& ·¡ge. This require.a aom.e quick tnt!tthods which can be used by the 
d1igners to check the piping flexibility. 

V UAL CHBCK 

TJ visual check is the first important examination on anything we 
d If the design looks atrange, then most likely something is 
w ·ng with it. By now we at least know that we can not �un a
P 1ing straight fr0m one point to another. Thts also applies to 
t situation when there are two or more line stops installed at a 
' 1aight header as :ehown in Figure 5. 'l'he line stop or axial stop 
l 1s directly against the expansion of the pipe. When two axial
1 ·:p!il insta.lled on the same straisht leg, the the:rmal ex:p,u1sion of
tJ pipe located between the stops has no place to relieve.

Fi¡ure 5 

il' visual check of ths piping flexi bili ty is to loolt for· thc p i ue 
l:s located in the direction perpendicular to the line connec ins
t two anchor or other restraint points. The length of the leg 1s

4 



'he direot measure of the flexibility. Tberefore, the key is to 
'ocate the availability of the perpendicular leg and to determine 
�� the lenath of the lea is suffici�nt. The required leg length 
:an be estimated by the rule of thumb equation (1) derived by the 
:oided cantilever approaah. for steel pipes. 

1: 5.s F ( 1 ) where i

l = le¡ length required, ft
D = pipe outside diameter, in
A =  expansion to be absorbed, in

� use Equation (1) efficiently the expansion rate of the pipe has 
J be remembered, Table l shows the expansion rates of carbon and 
tainless steel pipes at severa! operating temperatures. The rate 
t other temperatura can be estimated by proportion. By combining 
¡�uation 1 and Table 1, the designer can estimate the leg length 
1 �quired without needing a p�ncil. For instanoe, an 80 feet long 
•inch carbon steel pipe operatini at 600F expands about q tnohes

Jich requires a 30 feet lei to absorb it. It should be noted that
·1 expansion loop is oonsidered as two legs with each leg absorbs
::le ha.lf of the tot.al expa.nsion,

.ible 1 

irbon Steel-
c.ainless; Steel 

.. 
. . . . - · · ---· . 

�ND CALCULA TI ON 

Bxpansion .Rate,

Temp,F 70 300 

ó 1.a.2

o 2. e 1

in/100 tt pipe 

500 800 1000 

3.62 6.7 8.9 

5.01 8.8 11 , 5 

itere are several simplified calculations can be performed quickly 
1�th hand, The most popular one is the so called guided oantilever 
;)Pt'oach. The method oan be explained using thG L-bend gi ven in 
·�aure 6 as an example. When the system is not cqnstrained the

A A --4�
r
dj

B I 

B é3'
'::lo-------�-1

l 
1 

1 
e r 

dyI.¡_jc' 
� 

I L 

crr n _l 

(a} Free Expansion (b) Constraincd Expansion

Figure 6 
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_iints B and e -w.i 11 move to B' and C' respeoti vely due to thermal 
;;pa.nsion. The end poin't C moves dx and dy respeotively in X- and 
� directions, but no interna! force or stress will be ¡enerated, 
l,wever • in the a.otual oasa the ends of the piping are alwa;vs 
,�strained as shown in Fi¡ure 6(b). This is equivalent in rnoving 
·•.e free expanded end C' baok to the original point C foroing the
�1int B to move to B", The dx ia the expansion from leg AB, and
,·. froin leg CB. The det·ormation of ea.ch le¡ oan be assumed to
·!llow the ¡uided cantilever shape. This is conserva.ti ve beca.use
··e end rotation ia ignored. The force a.nd stress of et,a-h leg ctu1
t,w he estimated by the ,1uided oantilever formula. The le-g AB is
�·1guided cantilever subject to dy displacement and leg CB a. guided
�'.ntilever subject to dx displacement respecti vely.

l.:om the basic beam theory> the moment and diapla.oement relation 
• a guided oantilever is

M : 
6 E I 

Le! 
A ' 

2 M 

F =-

L 
( 2 } 

J:1' thin wall pipes, Equation (2) can be further reduced, By using 
: 1t. r:! t and S=M/ ( 1t r & t), the abov� equatlon beuornes 

6 E :r 
s = -- � 

L
e:

1'1ere, s = thermal 
B :: modulus 

... 
-

E D 6 

48 .t'' 

expansion stress, 
of elastioity, psi 

psi 

r = mean radius of the pipe, in 
/:1 = total expansion to be absorbed, 
L = length of the leg perpendioular 
.l = len¡tth in feot unit, ft

D :::: outside diameter of the pipe, in 

( 3 ) 

in 
to in 

luation (3) is a oonvenient formula for the quick eatimation of
11e expansion stress. By pre-settinf E=29.0x10 psi and S:20000
�-i, Equation ( 3) beoomes Equation ( 1} used in f inding t.he .leg 
�ngth required for steel pipes. 
i 

ie other formula can be used for the quiok check is the one given 
� ANSI B31 Pipinf Codes, The Code uses Equation (4) as a measure 
¿ adequate flexibilitY, subJe6ts to other requirem�nts of the 
t!de. 
i 

•ere
1 

' D 

y 

L 
u 

D y 

= 

= 

= 

outside 

< 0.03 

diameter of 
resulto.nt of total 
developed lenith of 

the pipe, in 
displaoem�nt to be absorbed,

pipin¡ between anchors. ft 
;: straight line distance between anchorsa ft 

i.n 

�uation (4) is actually quivalent to Equation Cl)a if IL-U> is 
�nsidered as the perpendicular leg length. 
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.quation (4) has to be used with great care, because the same extra 
�ength of pipe can have very diferent effeots depending on the ways 
1 he pipo is laid-out. Normally more flexibility will be achieved if 
'.be pipe is placed farther away from the elastical or ¡eometrical 
Bnter. For instance with the same extr� lenith of piping. when it 
s laid-out as shown in Figure 7 (a) it h�s much hi¡her flexibility 
han when it is laid-out as in Fi�ure 7 (b). Desitn8rs aften have 
·he misconception about the amount of flexibility can be provlded
.y the zig-zag arrangement, Dueto the extra elbowa placed in the
ayout, one tends to think that addition&l flexibility ahould have
:!en created, Unfortunately. the additional flexibility from th�
lbows is not enough to compensate the loss of flexibility due to
he placement of pipe toward the :eometrical oenter.

' 

(a) Stress= 13764 psi

Figure 7 

1 [ CRO COMPUTBR APPROACH 

,/ 
. / 

Ceometrica�� 
Center 

1
� 

;ti' 

¡ 

l 

(b) Stres� = 8226 psi

irrentl7 most large engineerini companies use CAD system to do the 
lping design. lt is possible that one day the system will be able 
l tell you if you need any extra flexibility, as soon as you place
,e líne on the screen. However, before that time comes, we $till
·¡ve to survive the current situation to be able to see the good
:1ing coming. Nevertheles$, the technology of the m'cro computer
1ls advanced enough for us to perform �oourate flexibility analyse$
·L¡ht beside the draftin¡ board.

\le micro computar progrsrns are normally so user frie�dly that it
!1.kes onl y a couple of hour!'íi to mas t�r their usa,iQ. Wi th respect
!l the flexibility oheok. a piping designer ean do almost as aood
1 job as a stress en¡ineer can. What it is needed is to enter the 
1

Lpe and geometrical information to the pro¡ram which will almost 
'1stantly gi ve you the force:s and stres�es expected in tbe systcm, 
:�om that information, the desi¡ner can then decide if additional 
\)ops or of fsets are requi red. 

\le �se.o� the micro computer differs substantial�y ,depending .ºº
1 ie individual program se tup. Each program has 1 t s pre fer red
!�thod af entering the data nnd ¡enerating the output. ,.\ppendi.· A 
\ows the sample operating prooedure using PEl'fG.QFLEX pro¡ra.rn to 
1ialyze the simple system given in Figure 8.
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f'e,4s1ctG, t.oop 
t.. 0<:.h TI014lS 

© 

Figure 8 

(.ce it is determined that an expansion loop ia required, the loop
en be placed at one of the feasible locations before the area is 
cn¡ested by other layouts. Tbis also saves the iterative prooess 
1:tween the plpint desianers a.nd the stress en1ineers. 

�1NCLUSION

"{,e tradi tional pipinit design procedure dependa heavily on the 
�:res� engineer to oheok pipina flexibility. With the availability 
J qu1ok methods in cheokin¡ the flexibility, the desi¡ner can now
�1yout. the pipe to provide the proper flexibili ty at the very 
'liinnina. This subetantially reduoes the number of itera tions 
::¡:qui red between the pi pin� desi¡tner and the stress engineer, The 
1 1st ot the plant oan be. reduoed by the s.horter schedule and lesa 
l .npower required.



,:QUlPMENT RELIABILtTY JMPROVEMENT 
HROUGH REDUCEO PIPE STRESS 

:· C. PENG, PE 
!ENG ENGINEERING. HOUSTON. TEXAS, U.S.A.

The load and stre$S lmposed from a connecting piping system can 
i-reatty affect the reUability of an equipment. These loads, either from 
ixpansion of a pipe or from other sources, can cause shaft 
,tsaUgnment, as well as shell deformation, intertering with the 
·ternal moving parts. Therefore1 it is important to design the piplng
':ystem to impose as little stress as possible on the equipment.
;1feaUy, it is preferred to have no piping stress imposed on an
·:qulpment. but that lt is impossible. The practical practice is f or the
:;quipment manufacturer to specify a reasonable a!lowable piping load
nd for the piping designar to design the plping system to suit the
:111owabJes. The alfowab!e piping losds given these days are generally
�terminad solely by the equipment manu1acturers without any
articipation from the piplng engineering community. The values so
etermined are usuaUy to low to be practica!.

The !ow aUowab!e p.ipe -load given by 1he manufacturer resulls in 
. weaker machina for enduring the d�y to day operating environment. lt 
�so complicates the layout of the piping system in meeting the 
illowable. Unusuat configurations and restrainíng systems are. otten 
.sed to make the calcufated piping toad satisty the given allowable. 
,lowever, aH these efforts are very often just exercises of computer 
�chnotogy. The mafn reHability probtem has not been solved. A bettar 
1es1gned equipment with some common sense piping arrangement is the 

,asis for improving reHabHity.

1LLOWABLE LOAD 

Process equipment, especially the rotating equrpment. generally 
¡·ave a very low aHowable piping load. Piping engineers often think the 
·,anufacturers give low allowables to protect their own interests,
,his notion is not necessarUy true, beca.use many equipment indeed

,:mnot take too much a load. The problem is that a weak link exists
1at is often overtooked in the destgn of an equlpment Figure 1 shows
typical pump installation whfch can be divlded into three main parts: 

1e pump body, the foundation. and the pedestal/base plate. Without 
1
11e input or threat from the piping or equipment engineers, the routine

! 

- c>ceed,}lgs of rile 1993 Improving ReUability in Petroleum Refi�eri� a.nd Chemi�l and Natural Gas Ptánts
co,if�tt�. Cop)'rigN 1993. by. Gul/ �g Confpa�.Y·. �l/ nghu �u�. Thü docu1Mm may Mt H 
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Figure 1, The Weak Link 

7.500 Psl 

Pipe Stress 

APl S1d·61 O 
AJfowable 

_.,,. 

_.p· ,__ 
-

- - -

- �NEMA SM .. 23

2 4 6 8 10 
Pipe Sizes, inches 

Allowable 

12 14 16 

Figure 2. Allowable Piping Loads 



,es¡n of the pump assembly can have different signifrcance on 
iifffent parts of the pump. The pump booy is designed to be as strong l

t rlt stronger, than the pipíng so that the body can resist the same 
nte1al design pressure as the piping. The foundation, normally 
!ee�ned with the combined pump/n1otor assembty weight, is also
naüive and stítt due to the Umítattons of the sofl bearing capacity.
,ot�ver, the pedestal/baseplate is a different story. Witt1out
:on,1dering the taking of- any piping load. the pedestal/baseplate is
1er·rally designad only by the pump weight. This design basis creates
1 \try weak pedestat/baseplate \Nhich can take very tittle load fron,
he >iping, hence the tamous story of the vendor who clalmad his
qu�ment cannot take any pipíng load. Nowadays, most vendors have
no1 sense than to ctaim such a thing, but the atlowable piping load ís
tillt 1ot larga enough to be desirabfe. The vvaak link ) of course, is the
10cistal/baseplate assembly.

By understanding the situation l the problem can actually be 
�(i 1ied very easily. lmprovement has already been seen in pun1p 
ppcations. Pump application engineers who long realized the low

llo1able piping load problern customarily specifted double (2X) or 
ipJ (3X) base plates to increase the ailowable piping load by two or 
1re times, respectively. Surprisingly, to most engineers, the cost of 
2" or 3X pump was only marginaHy more than that of a regular pun1p. 

,et illy, it should not have been the least bit surprising, since all a 
e11or has to do to make it 2X or 3X Is to provlde a couple of braces or 
lifters. Recognizing the popular demand for the 2X or 3X baseplate, 
1e �PI formally adoptad it to its pump standards. Since the sixth 
dl1�n of the API Std-61 O 1 • the allowable has been increased to a 
1v . that makes the 2X and 3X specification no longer necessary. In 
t�• words 1 the strength of the whote pump assernbly has become 
1irJ uniform 1hat no additiona! allowable can be squeezed out without 
d 1g a substantial cost Unfortunately, at present thi� philosophy has 
ot ::een shared by other manufacturers. For example. the , 956 NE!v1A 2

1�1le allowable load is probably the most unreasonable of íts kind. 
h�,API Std�617 3 centrifugat compressor and the ASME/ANSI B73.1 4

un, are not far behind. The API Std .. 617 uses 1.85 times the NEMA 
ll�:able 1 and the ANSI 873.1 vendors often use 1 .30 ti mes the NEMA
al ':s for the allowables. Figure 2 shows the comparison of the pipe 
lr$gth, the aHowable API Std-610 piping load\ and the NEMA 
llo,able piping load. The pipe strength curve is based on a 7500 psi 
�n'. ng stress. tt should be noted that the allowable pipe stress 
991st thermal expansion can be as much as three times higher than 
sa osi. 



· Looking at Figure 2, it is clear that the piping load that can be
ap,�ed to an equipment is much smaUer than the strength of the pl pe 
Jts(f. Therefore. in designing the piping connected to an equipment, 
the:equipn1ent allo\vabte load is the controUing factor. For tow 
alt.,vabie items, such as a larga slze steam turbine, an extensive 
e ¡tnsion loop, and a restraining systern is generalty required. This is 
a 1:ct and should be understood by all parties concerned. 

. Because of the elabora.te design of the piping system attached to 
a iansitive equipment, engineers may somaUmes get too trapped in the 
e 1puter maze and overlook engineering fundamentals. Typtcal 
e,qnples that can causa unreliable operation are discussed in the 
loi >wing. 

:ESSl'if FLEXIB!UJY 

Adequate plping flexibfüty at an equipment is required to reduce 
the:piping load to the acceptable value. However. a good design should 
e 1 ;1der the reaUstio flexibHity f rom the support structu re and the 
prc�er use of the protective restraints. Without the properly located 
res¡aintsl a piping system l no matter how flexible it is, has difficulty 
meting the aHowable load imposed by the equipment. Figure 3 shows a 
put:p piping system which was designed without any restraints 
ins,lled. This is a common mistake made by inexperienced engineers 
�l"t thjnk that a restraint can only íncrease · the stitfness\ thus 
1nc�asing the load. lt is true that a restraint wm tend to decrease the 
11 Jbfüty of the system as a whole and wm increase the maxirnum 
8tri>s and force ln the system. However, a proparly deslgned restraint 
: : shift the stress from the portion of piping near the equipment to a 
P í:on further away trom the equipment. 

; Although extensiva toops are used in the piping given in the 
11 í8, the piping load stUl may not rneet the equipment allowable due 
:o 11e !ack of a restraining system. Tha excessive flexibility makes 
th�!system prone to vibration ) because it is eas!ly excited by small, 
jis\1rbing fluid forces .. In addition, the piping loops enhances the 
inti·nal fluid disturbance by creating cavities and other flow 
lislntinuities due to excessive pressure drops. A system similar to 
t shown in Figure 3 experienced very severe vibrations ln one 
P :>chemical p!ant. The operationaf engineer had to put a larga cross 
b ,n to anchor all the loops in the Held to suppress the vibration to a 

1 

li\aageable leveL This shows that the function of the original loops 
w ;l lost by the anchoring system. The piping still experiences larger 
th · normal vibrations due to ffow disturbance caused by the loop 
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whlh is structurally tixedf but hydraulicatly stiU open to many 
jirf;tional changes. 

A properly designad piping system generaHy has sorTle restraints 
·o :,ntrol the movements and to protect the sensltive equipment.
iO\�ver, there are aJso restraints which are placed in desperatior"l by
,lpt;g engineers trying to meet the allowable load of the equipment.
·�E:e so-caHed computer restraints give a very good computer
ine:rsis result on paper, but are otten very ineftective and sometlmes
1ve harmful. Figure 4 shows sorne typical situations which work on
he,�omputer. but do not work on a real piping system. These pitfalls
:re :�aused by the differences behveen t-he real system and the
íOn1,uter modal. Sorne important discrepancies are described in the
011:,wing.

FRtCTlON 1s important in the design ot the restraint system near 
� :�quipment. Figure 4 (a) $hows. a typical stop placed ag ai nst a tong 
'.-daction Une to protect the equipment. In the desígn calculations. if 
1e 'ricUon is lgnored, the catculated reaction at the eq uipn1ent is 
1ft� very smaU. However, in reaHty, the friction at the stop surlace 
tlll >revent the pipe from ex-panding to the po·sitive X·direction. This 
iC'hn ettect can cause a high X-direction reaction to the equipment. 
1 c�tculation including the friction wHf predict this problam 

�rehand. A proper type of restraint. such as a low ftiction plate or a 
tru woutd then be used� 

An lNEFFECTIVE SUPPORT MEtvtBER ts another problem often 
ncuntered in the protective restraints. Figure 4 (b) shows a popular 
rr2;¡gement to protect the equipment. The engineers di,.ect instinct is 
) •ways put the fix at the problem location For instan�e) if tr)e 
orr,uter shows that the Z-direction reaction is too high, the natural

x 1 t<> place a z ... direction stop near the noz.zte connectlon: Thls may 
e :11 right on the computar, but in raality it is very ineftective. For
1 1iUpport to be effective ¡ the sup.port member A has to be at le st
ne:order of magnitude higher than the stiffness of tha pipe which is 
e� stiff in this case due to the suppor fs relatively shori distance 
· '1 the nozzle. 
• 1 A GAP is generaUy required in the actual instafJatlon of a stop. 
he9fore 1 if a stop is placed to,o close to the nozzle connection, its 
,, ,tlveness is questionabt.e due to the inherent gap, As shown in 
·,, le 4 (e), because of the gap, the pipe has to be bent or moved a
1" ·1ce equaJ to the gap before the stop becomes active, Due to the1 ... ness of the stop to the equipment this is almost the same as 



be iing the equlpmen1 that much befo re the pipe reaches the stop. This 
Js at acceptable, because the equipn1ent genaraHy can oniy tolerate a 

' 

m-�'h smaller deformation than the construction gap of the stop.
· CHOKING is anothar prob�ern relating to the gap at the stop. Sorne

enfneers are aware of the consequences of the gap at the stop 
rnetioned above and try to soiv& it by specifying that no gap be 
atk,ved at lhe stop. This gives the appearance of solving the problen1, 
butanother probfem is actuaHy watting to occur. As shown in Figure 4 
(d).iwhen the gap is no1 provtded, the pipe will be choked by the stop as 
so11 as the pipe temperature starts to rise. \Ve aH know to pay 
attntlon to the longitudinal or axial expansion of the pipe, but we 
oft11 forget that the pipe expands radiaHy as weU. When the 
lerwerature risas to a point vvhen the radial expansion is completely 
�h� ed by the support the pipa can no ionger sHde along the stop 
su1ace. The axial expansion will then move upward. pushing the whole 
a �:pn1ent up. 

�ANSlON JOINT 

An a:ternativ-e sofutton to rneet the anowabJe pipe loadlng to an 
et:J\:pment is the use of betlow expansion joints. Regardless of the 
�OoJitant objection trom plant engineers, the beUow expansion joint is 
ve i popular in the exhaust system of a steam turbine drive which has 
m �xtremeiy tow allowabla pipe load for pipas 8 11 and above. The 
�&hw joints are also o1ten used for fitting the large multi-unit 
1s��mbUes as sho\�n in Figure 5 (b). Although a properly lnsta�led and 
rtaltained bellow expansion joint should have the sarne reliability as 
)th-r components l such as ftanges and valvas. ln real applications, it 
s ften found to be very undesirable due to the difficulty in 
ns,tenance. For instanee, when covered with insulation t the 
� .lnsion joint looks just like a pile ot blanketed scraps. Nobody 
(n /'S exactly \'Vhat is going on lnside the mixed layers _ of covering. 
Du to blindness anxiety, many instaHers have resorted to an 
J tsulated arrangement. This not only creates a-n occupatio al safety 
� •�ern, but it can also cause cracks due to thermal shock trom the 
a • ronment andior weather changas. 

One important factor often overtooked by eng1neers in the 
n lllation of a beUow expansion joint is the pressure thrust tor ..,_e 
n le the pipe. The bellow is flexible axially, Therefore. the bellow 1s 
' labte to transmit or absorb the axial Jntemaf pressura end force. 

pressure end force has 1o be resísted either by the anchor at the 
� �pment or by the Ue�rod straddHng the betio\v. · VVith the exception 
Df 'ary low pressure appHcators l such as 1he pipe connected to a 



(a) 

NUTS SHOU LD BE 

TIGHT 

( b) 

B-44-�"---� 
. MOVEMENT 

SHOULD NOT BE ANCHORED 

Figure 5 1 Tie-Rods on Expansion Jofnts 

.. 8. 



s· rage tank. most equipment are not strot1g enough to resist the 
p,f1ssure end forcé equai to the :pressura times the beUow cross section 
ª:/ª· The pressure thrust torce has to be taken by the tie�rod. 
Smehow this idea ·is not obv'ous 10 many engineers� resulting in sorne 
&.�raUonal problems. Figure 5 shows two actual probtems. Figure 5 
{a shows one of many steam tutbine exhaust pipings installed al a 
p,·rochemical plant. The expansion }oint layout scheme appears to be 
s�·,md 1 but the construction was not done properly. The actual 
rrtanation had a sHding base elbow anchored with four bolts. This 
p{btem often escapes the eyes of even ex.perienced engineers. 'vVhen 
tr base elbow is ancho(ed, the tiew rod toses its function as scon as 
th pipe starts to expand, ln this case, the pip-e expands from the 
ai;hor toward the bellow jolnt, makrng the tie-rod loose and 
lri,ffective. The large pressure thrus+ force push-es the turbine, 
C�Jsing shatt misalignment and severe vibrations. Figure 5 ( b) is a 
siiilar situation. The bellow expanslon joints were used sotely- tor 
trng up the connections. The tie-rods were supposed to be locked. 
1-1.wever, befare the start-up opetation. one engineer had loosened the 
tlrrod nuts, apparently thlnking the t1e�rods defeat the purpose of ti1e 
e��ansion joint. The start-up was very shaky and had to be quit;kly 
n:ted. lt took quite awhile befora anyone discovered that the problem 
v.,-:; caused by the toase tie-rods. \¡Vhen the nuts are loose. the 
� :ssure end force simply pushes the pump way out ot alignment. 

rl,:iER PBACJIQAL QQNSIDEBAIJQNS 

As díscussed above 1 the reduction of pipe stress is not at all 
s1·dght forward. EspeciaHy when dealing with the low ailowable of 
ine equipment the techniqua becomes tricky and very often only 

'/-1; ks on paper. Other practical approaches may be explored to further 
�(1;!rove overaU reliabHity, One very impartant resource often ig norec.1 
1n;'.hls country 1s the experience found in operating plants. We often 
t! .a good. simple workfng !ayout changed to a complicated, shaky 

l9i:;ut only because a computer liked it tha1 way. Undoubtedty. 
�nputers are important tools ! but they are only as good as the 

rri,rmation we gjve the,n. Sínce there are so many things. tike 
friuon. anchor flexibHity, etc., that cannot be given accurately, 
C(,nputer results need to be interpretad carafully. tt is time to realize 
tht lf something works weH in a piant day in and day out it should be

1 

,sidered good. regardless of whether or not the computar predlcted ll 
tq:,e good. The proce-ss of evo�uHon is very important in designing a

�>d, retiable plant. 
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Sliding Base 

Figure 6 1 Altematíve Machine Assemblies 
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Other ideas t such as the use ot sUdlng supports, spring supports, 
a I more compact in,line arrangements as shown in Figure 6, can also 
be ;eriously considerad. lt is understood that engineers do not teel too 
�of' ident on the movable assembly, but it is important to distinguist" 
the1diff erence between the movement ot the whole assembty and the 
TIC:ement of only the pump or turbine. \AJhen the whole assembfy 
metes, the shaft alignment can stitl be maintalned if the distortion ot 
:he1equipment is not excessive� That is. if the piping load is stiH 
Nt11in the allowable. tt should be noted, however, that thesa movable 
1 omblies are just potential alternatives. One should not be oversold 
, he idea and btindty use it rn a plant. To rnake the strding base or the 
1 111g support scheme workabte, an extra strong baseplate is required. 
r :i again t if we have that strong of a basepiate in 1he first place, the 
tll1Nable piping load would have increased substantialty. 
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Hazardous situations created 
by improper piping analyses 
Sorne computer programs do not handle 
hot condition calculations correctly 

L. C. PENG# Peng Engineerf ng, Houston, Texas

P 
iping fk-xjbiJil)' �.nd $trt'.SS amu,� i� ret1,tlred in d��n ofmo�r
piping sysrenu befure the piping i$ installtd in al\ indu�trial 
planr. It is im:cndcd fó tnrure pfam S3.futy and, thUSi pm«.'Ct the 

intereses of the owncr and thc tseneral p.uWic. Duero av-.ulabilhy of 
poww-ful �-oftware packages, the ana.lym 1w bewme junple a.nd rou
cine. HoWWt-r, improper piping an�'y5Í& m!I)' .i.ctullly et-eate a. h� 
a.t-dous sit1.1adon ni.thei: than ensure pl11nt safety. 

lmproper piping analyscs sttm from many arcl.lS. Mi.�under
uandint; of the $.Ofi:war<: app.roach, input ermf!I and wrong botu1dary 
conditions &om CAD data are somt; con1mon on�. '11\cse com
mon 11\isl.".ut� are W}' to detect and check if pfQ� ison1elTiQi :u,cl 
input data t.'Choes are provided. However. sorne area3 of irnproper 
analysis are nocas obvious and mo1.y i:ven be 1ruxonitn1cd. 

One aren ofimptoper :malys.is, whkh is opmly mishandled by 
somr. safu..•1.ut pad�ngcs, wurants special :menrion. Thii improper 
analysi.� involves che so-ca!led piping restins or singk--&cting sup,
. port.. The resting supptm allows die pipe to more u.p with.out resttk
tion, but will :suppwt thc pipe pm.-enting it fo;_\m moving down-
w-ard. Ic is obvious that wht!'Jl the pipe mov�s uµ 11.nd off the coutac.t 
pnim, it is no longcr being suppon:ed. This v«y fundamemal faq 
romehow is nor recognized by somc popul�r oofiwa.� paek.lges ünd 
cheir 1.1.�. They treat thc pipe as bcing s.upporred in tht hot condi
tion ,lÍmply b<.'ause it is suppc>rtcd during the rold <..�mdirion. 

To cosurc:structuro1 inttgcity of the pipe� ;¡_t lta1sr lW� $� catc.'
gorit:1S mmnally h�w \O be iN',ilu�ted. Ou� is lí\kllW..imxl s��s tbat is 

, cotmoUed by dt� pr�urc and "'-cight. The <>tb(ar i,s expansion or 
djs¡,lacemenc stl� tlmt ¡� dctmuiued by thei.Tuª1 ttAp1tn.uon of the 
pi� ,md movemem of the c;1,:mn«:tinr, ei:¡_uipment.. Th� s�taincd 
$tn'..i;s m.;t1ntaíns the s.1me m:ignltude through pl.mt ,1�rntmg lifu. 
hs allowab!c is dcte.rmincd by the pipé yield, rtJpturt1 t.nd <:t<eep 
sttcngth at operaclng lcrnper..1.n.uc. 

On the other hmd. me displ.u:e.'llmt St� �; Q�"'!; d,r ffi<!�
r�,l yidds or the tempet-amre reames a �rnün polnt. fo; .illowabl� 
is determined by thc sa-.u.n mnge clu.t i.s C\"lflvenict,dy n�-ed by me 
rtrength nt cold rondlrion, adj�red �Jighcly by the $f�h ar ap.cr-
atl.ng tempcr.1ture. Tre.'l.ring a f>lpe that lifu oJf'i� $Uppon ª'-. bcing 
supported can gre:ady undcrest.imace thc N:i't'4.lned. SU"e.». lt n�y not 
creare a notkeable proble.rn in the begi.tHuog. biu the �mingly sut· 
l�fu.ctory piping· ll)'Stern may a<."tu:illy ha.ve a�� op�r<\ting lifo <11:' only
i small fm<..-tion of whac is imended. 1rus slt\ui.tion can bette( be
cxplained by a typioi.l exlU'nple.

Piping system exampJe. A i:ypic.u pipir..gsysrem i� co.mmoniy 
placed dircctly on the suppart smlctu� � shown in Fig. l. Thl� i.� the 
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most et:011001\i<,.'al 1,nd du:-eet w.pproach uf ímimliing \l. piping sy-te.m. 
�ending on operacing cen1.�raturc and pipe $Í:t(; mod.ifu"¡lti�m i.u-e 
oft�n l't'quired ro en&uxe pipfog s1\�fY and o�rnring li&. 1n rhis p,1r· 
fieul;u- cxamp!e, beeausc of rh� 12�i.n. si1:e irnd l, OOO"f- remprn.m1l'l". 
an cxperienced engineer wíll itl$tall one or more spriog :..upporn co 
ensucc clm the sustll.im:d srre.1/S due to weight awl pr�ure 1s ll<.n 
exc�ive �t operadng tempcn1.tUie. 

Ho\VC\'Cr� me :.ltwition. n,.ty nppenr to be diffe:nmf to .. ro.mptH.:'J'
orie.nred engin�r, b<lc.1use me sysr-em M it i� laid aur will m ·et rip
ing code re-quiremem$ when run thr.ough som p<1p11hir compuwr 
program.�. According ro th� compul'C'r progra.ms, no sprio¡; s.up-
porr is required. This, on paper, savcs sub�wnia.l mvney for th1: 
owner. Dut in rc-<iht'y. it pues che plam in gre,u ,.hmgcr. To w11.!e1� 
smnd l;AA skuauon. Unding our how ¡i WH'1purer ¡.i11.;g¡1un handI� {lal,�

.i.ng �upports � n�essury. 
Computer programs have become an essentlal p,irt of pipi:-tg 

Stres.S ruialysia. As the- tcdmoloror rr()gt�. che� oornpnrer pro• 
gr.1ms �lso get more poWl:'rful and .�ophistir.1.�. Thc rn �bility uf han
dling rescing suppo.rl'S and otber singlc-acting rt.-straum has bceu 
;1vail:,h!e for owr two <l<."Cades. 'fo ,a.nalyu clic r�ring suppvt t, a g.ouJ 
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AC. :f l,,rson-Millf'r 9raph� c,m be usN! to <'�lrn1.1t.• plpin11 lifí' 
' •• · \ \.-�':: <1l hiyh t.-1111,1er,1tu1,·\. ' . . 

inputer p1:ogmm will flr.�t check tht n�mlll o.peroting c-t.mdldon Nl 
\ ifthc pi�will lift off a rupport when operacing. If the pjpc will 
, off fü>m a supp(,n. then that partkular suppott wUI b<: unable to 
?!>Oll wdght dwing opcrating c.ondition�. T�t support will oo
,1ored in cakulating suswncd !tl-ess, 11u:,·i:furc, with thc fig. 1 
,unp!e, tl1e pwgram will �.how th.ic $Up¡xms nt ¡x,int:i 1 S and 20 a.-e 
1t ae.t.Ívt!. Without these ,qup¡x,rts, t'h.� pJping i!i gtw1.t!yovcr-.1� 
1dcr wcight and �re. Thi! in turn signa!$ th� �nginecr ro add 
·uc spdng $Uf>ports.:
1 lñ.Js kind of simple logic. howtvt".r, i-. not :ld(lptcd by ali com, 
m:r prQgr.tms. Some popular i:,'Qmputer piognun.s ín�'te.\O w.-e t 
npler, but tricky, approa.d, by calc.ulatiog the �u�tain�d $t.ft.:ss ot 
k'l conditi.Qn assumlng all supporn are active� They then cakulate 
e thr.rm� exp.1.n�io�i. srr� by aUov.-ing tht': pipo to m� up rm a.ll 
iti�g supporrs. This erroncous approae:h oomplerely iGJlores the 
stlltnc:d stress at opcrating oondit.ions, whcn the pbm Ufe i.� cuuntt-d. 
lf: plping may be ;ul right by their �C(;<}IJ,tlt, but m� 8impHRed 
'l}tl)ach of calculating sustained m� has rut�idy g�ªtly sh<.m� 
ed the piping life. 
' To estima te piping life at high t�mpet·,tture:. Ln.rson-M.illt>x- graphs1 11 be 11,red, Fi3. 2 shows t'he Lar�n-Mlll�r gri,ph for l¼ Cr, ){ Mo 
, :d. � graph �hows rhac at J ,OO<rF, fur an 1 1 ,700 psi liUC&'. (point 
, tbc rupmrc time:: is J 00.000 hr. Howevcr. for a st�s of28,�00 � 
ouu B), rupture time is only 1 ,000 lu. Au»tdin� CQ ASME. piping 
<le, allowablc su.staincd stress is c.tken as 67'¼ of thc avernge � 
PtUre .srr� ar l 00,000 hr, Jn othcr word� if che plplng � d.c..dgncd. 
·thin the nllowable �tre.ss, it should la!t l 00,000 hr at foll tempet•
u�wlrh a safety fucmr ofl .5 appUcd ro th<i s� Villue. As &"-en
o0ve, for I .� Cr, ½ Mo sted ut l ,OOO"E av-er.1.� nlptutt st:�ss at 
10,000 hr � 1 1 ,700 �i. 'l11ercfure, t.hc allo"-'Dble is 1 1,700 X O,G7

. 7,800 psi. This rulowacile mcss value is reviM'Cl pe,riodic.iUy baSE'd

t>ll the latest available <lata .. Thr: clllTl!Jlt ulk,wable !$ (>JOO p:.i. 
With the pipin,g � in Fig, J 1 rhe ci,rreet rnmcimu.m $Us«tlr.!'{j 

!ltf('.sS, cot:iskle.ring � inact:ÍV'\'l $l1ppn� �10�, �� 18  000 p.�. Thi.� 
greacly e.xceeds tbc code a.llowable. However, rnnximum ,�t1.�tainr.d 
Sll'C'SS (.�culated a.,,¡.�uming all suppo«s ar(; actiVt:, as pqfurmc:d by 
�une popular �purer pro�ra.ms, � only 5,800 psi, \\.•.hkh h wid1in 
the piping <.-ooe alloV,-able. The diffureuce betwcen these two result� 
� verysiMniH1.:..lut. 'I11e piplng m,y have bc:e.t\ d1ockc<l t" lll: in cwn, 
pliimr.e wir:h rhe md� by $M1t! con1rmwr p(ogrnms, wht>n in r�.i..füy 
it is highly ovcrstressed. 

Wit.h M l8,000 p$i actuitl i.usta.ined $t'r-t:,s'!;, NH' pipe will r t1pt11� 
m about W,000 hr (Flg. 2, poinr C) withour any Slkiy hirn'l.r applicd. 
Ifa safuty fucwr of 1 .5 i11 Rpplied to the sei:e.�s, d1t�n píping safe optr· 
ati11g tifu is on.ly aboul 10 thou$and hr. This is much 1� Ulin thc 
100,000 hr int�nded by the code. lt is apparent here d�t the pi:µi ng 
�mly.ted by 11.'-Suming nU i:he t�riog supp<'ll'� ,ue at.:tiv�, as in dw 
oo[<l condition, can c1·eate a re'.Ú ba7..tr-d ro che pl.int. 

Ev4'll,lating supPorts O>ITeClly. 'Whcn piping !ifu aff frn.m rhe 
rupport duri.ng opem.ion, its suscililoo ,vcight �re,� should he �;i,J. 
c:.u.lated c:.'Qn!ddc:ring the support u.� 1nactive. TI11s comrmm sen�\: is not 
r..:cognned by man y engin«rs. h i!; even more puzzling tl1at thi:i sit
uatkm is not· hudkd (;().t're<:cly by �Qm(; PQpUliU' c,;onlput« piog,1t1r:.� 
Sorne engi.nc:ers have vg1.1ed that the pipe w:ill ev,m:u.tlly settle to 
tne $uppo.r.c i:ithe.r by yidd.ing or by creeping. Thi� ma. m· n:;1r nnt 
he true, depmdillg on rh¡: amounr cif \1pJifr .lnd the pipjng !Xlnng-
111·.ttlon. 

Eveu if che pipe eveucually .\"ettks w the support. it sLiU t"eUSt'S 

three mi\jor i:mtc:$: The piping is still not in  cmnµli,mn• with t l·1t' 
piplng codei whie.h requircs rhnr che i>U$1';,incd mc�s he v..ithin rhr. 
allowabl� ali the time, not just sorne of the rime; bdore the pipe ls 
tventuaUy supportt'd, 1t may .&fre¡¡dy havé btm suflkiemly da.rn· 
"S«I; 11.ml wh�n thi: pipe settlfallí t� the suppon at opt;'.rn.ting tempe1 -
at�, U$WUly hugc:: :sm:sse� and !oads wlll be genet';l.i:ed during the 
(,,"Qt'll down. Thi.$. is b�use thi- suppon will pl'evt:nt tbe pipr: f:om 
moving downwn.rd 11.q �uired by thr shrinlm� due to C{')OI dl')wn. 

The mo�t common and ixonomica[ approach in dcaling wid1 
the wundess plping in a procrn plant is ro rest. rhe p1ping on pip.: 
mcks and orht!r supporr mucm�s. Using rhis approach,. combim.xl 
with wme wmmome� eng.ineering, ftllUIY �e pl111m ha\'t.: b<!t:11 

constructed, However, since the use of powt'rful software p;tckagt"s, 
� r�ting supports have bero misinlx:rprcted ro have sorne magk 
fü.m:tiOn$ f[Hlt ® Mt exisc. Validnroo by the compute!', cnsim:,�rs 
h:we bcl".n impropcrly de.�igning many pjping sysrcm� with rmlng 
suppom. Tbc.y rnay have already 1..catt,"(f numcrous ha;;.-a.rdous si tu 
advns wwdng co oompromise th� ·plunt safoty. Therofore, i1 is imp(;-1 · 
11.tive d�t OWllt"l'S ami Qpet'.1tot·s of thf./it> pl.\nN: t"l.'l!lunte t:hrsr suppt1r1· 
situatforu thoroughly to .en.�ute that thé invc tm�nt aod .�tery of 
the general pu bHc ·a� protect:t!cl. HP 
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Abstract 
In today's markets, reducing costs and optimizing the pro

duction of installed capacity is essential. The electric utilities 
have depended upon life extension of existing boilers since the 
early 1980s to meet generation needs. Similarly, general indus

try faced with competition and cost control are looking to ex
tend the lives and in many instances upgrade the capacities of 
existing boilers. The Babcock & Wilcox (B&W) boiler fitness 

survey has proven to be an effective program for analyzing the 
condition of aging boilers. The extent of the fitness survey is 
geared to the leve! of cost and effort that will provide the plant 

owner with the information needed to make decisions for future 
operation of the boiler( s ); as such, the survey can be tailored to 
the needs of the customer. The following describes the method 
of developing the scope of the boiler fitness survey as well as 
the key components, damage mechanisms, nondestructive ex
amination methods, and techniques for determining boiler re
maining useful life. 

lntroduction 
For many years condition assessment and life extension pro

grams have been common in the electric utilities. Much of the 
emphasis in the utility generating stations has been on compo
nents with expected finite lives where degradation and failure 
are associated with creep and creep-fatigue. Components such 
as stearo outlet headers, main steam and reheat steam piping, 
and steam turbines are ali subject to eventual material failure 
from operating at high temperatures and stresses. As a general 
class, industrial boilers typically operate at much lower tem
peratures and pressures. As a result, the life of these boilers is 
not necessarily defined by a finite material life. In fact there 
are nuroerous examples of very old boilers (>50 years operat-
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ing life) which can still be operated. Many times these older 
boilers are retired for reasons other than reliability or safety. 

Toda y, the need to establish formalized prograrns for assess
ing the cond.ition of boilers in industrial plants is bccoming ín
creasingly important. Industrial installations are under the same 
pressures to reduce costs as are the electric utilities. Addition
ally, boiler upgrades and capacity increases are potential lower 
cost options for plants anticipating expansions. Bahcock & 
Wilcox's boj)er titness suryey is u comprehensive pmgram for 
assessing the integrity and fitness of aging boilers. Boiler fit
ness surveys combine the knowledge of B&W's field servicc 
engineering with the specialized inspection technologies and 
experience that have bcen developed by B&W for boiler condi
tion assessment. Presented in the following paper is the pro
gram and methods recornrnended by Babcock & Wilcox for the 
assessment of industrial boilers. 

Industrial versus Utility 
The condition assessment program for industrial boilers is 

not unlike the approach used for-the electric utilities, exccpt for 
the primary mechanisms of failure and the inspections methods 
that are usecL Industrial boilers come in ali shapes and sizes 
and can be found in a variety of industries and institutions. For 
purposes of condition assessruent classification, industrial boil
ers are those units designed for outlet steam temperatures of 
900 F (482 C) or less with design pressures that typically do not 
exceed 1500 psig ( 104 bar). By contras!, the modero era utility 
boiler is designed for ontlet steam temperatures of 1000 F to 
1050 F (538 to 566 C), with design pressures ranging from 1800 
to 3850 psig (124 to 265 bar). Utility class boiler designs can 
be found in non utility plants: however, the discussion prescnted 
below will focus on the industrial class boiler designs. 



Components that are more likely to have adverse effects on 

boiler performance as they deteriorate with age include: 

• Air heaters - recuperative (tubular), regenerative (Ljung

strom), steam coil

• Fans - induced draft, forced draft, primary air (pulverized

coa! firing)
• Bumers

• Fue! preparation equipment ( especially coal firing, i.e. pul

verizers)

• Boiler settings such as casing and BRIL (brickwork, re

fractory, insulation and lagging)
• Structural supports

Nondestructive Examínations (NDE) 
NDE can be an important part of the boiler fitness survey. 

NDE is done to obtain sufficient data to allow the engineer to 

assess and make decisions regarding the integrity of the com

ponent. The choice ofNDE methods will depend upon location 

and type of potential damage as well as the limitations caused 
by the arrangement and geometry of the component itself. N DE 

methods that have been used by B&W on industrial boilers are 

visual examination (VE), magnetic particle testing (MT) and 
wet fluorescent magnetic particle testing (WFMT), liquid dye 

penetrant testing (PT), ultrasonic testing (UT), remote field eddy 

current testing (RFEC), electromagnetic acoustic transducer 

based testing (EMATs), metallographic replication (MR), and 
acoustics or acoustic emissions (AE) testing. Radiography, an 

important NDE method for field testing of welds, is primarily 
used to test welds following boiler erection or repair and is not 
normally used for fitness surveys. 

NDE rnethods have advantages and disadvantages and it is 

irnportant to select the correct method for each component. The 

extent that an NDE method can be used depends on the access 
to the component as well as surface preparation. Described 
below are the types of problems found in the various compo

nents as well as the recom.mended NDE methods. In general, 
visual examination, the most basic ofNDE, is done far all com

ponents. It is cornrnon to photo-document the inspection to pro

vide a permanent record in the report. Interna! inspections are 

frequently done by video probe and recorded on tape. 
Drums: The steam drum is the single most expensive com

ponent in the boiler. Consequently, any assessment program 
must address the steam drum as well as any other drums in the 
convection passes of the boiler. In general, problems in the 
drurns are associated with corrosion. In sorne instances, where 

drums have rolled tubes, rolling may produce excessive stresses 
that can lead to damage in the ligament areas. Problems in the 
drums norrnally lead to indications that are seen on the surfaces 
- either ID or OD. Assessment: lnspection and testing focuses

on detecting surface indications. The preferred NDE method is
WFMT. Because WFMT uses fluorescent particles which are

examined under ultraviolet light it is more sensitive than dry

powder type MT and it is faster than PT methods. WFMT should

include the major welds, selected attachment welds and at least
sorne of the ligaments. lf locations of corrosion are found then
ultrasonic thickness testing (UTT) may be performed to assess

thinning due to metal loss. In rare instances metallographic
replication may be performed. Replication is done by polish
ing the surface of the drum to a mirror finish, etching the pol

ished surface with a ni tal acid, and then lifting an image of the
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metal surface by applying a softened acetate tape (the replica). 

The procedure, analogous to finger printing, allows the metal 

grain structure to be exaroined under a microscope. 

Headers: Boilers designed for temperatures abo ve 900 F ( 48 2 

C) can have superheater outlet headers that are subject to creep

- the plastic deformation (strain) of the header from long term

exposure to temperature and stress. For high temperature head
ers, tests can i_nclude metallographic replication and ultrasonic

angle beam shear wave inspections of higher stress weld loca

tions, as well as B&W's bore hole Hone & Glow® test of liga
ments to detect dama ge associated with creep and creep-fatigue.

However, industrial boilers are more typically designed for tem
peratures less that 900 F ( 482 C) such that failure is no! nor

mally related to creep. Lower temperature headers are subject
to corrosion or possible erosion. Additionally, cycles of ther

mal expansion and mechanical loading may lead to fatigue

damage. Assessment: NDE should include testing of the welds
by MT or WFMT. In addition, it is advisable to perform inter
na! inspection with a video probe to assess waterside cleanli

ness, to note any buildup of deposits or maintenance debris

that could obstruct flow, and to determine if corrosion is a prob
lem. lnspected headers should include sorne of the water cir

cuit headers as well as superheater headers. If a location of

corrosion is seen then UTT to quantify remaining wall thick
ness is advisable.

Piping - Main Steam: For lower temperature systems the 

piping is subject to the same damage as noted above for thc 

boiler headers. In addition the piping supports may experiencc 
deterioration and become damaged from excessive or cyclical 

systero load s. Assessment: The NDE method of choice for tcst

ing of external weld surfaces is WFMT. MT and PT are sorne
times used if lighting or pipe geometry make W FMT impracti
cal. Non drainable sections such as sagging horizontal runs are 

subject to interna! corrosion and pitting. These areas should be 

examined by interna! video probe and or UTT measurements. 
Volumetric inspection, i.e. ultrasonic shear wavc, of selected 
piping welds may be included in the NDE; however, concerns 

for weld integrity assm;iated with the growth of subsurface 
cracks is a prnblem associated with creep of high temperaturc 

piping and is not a concern on most industrial installations. 
Feedwater Piping: A piping system often overlooked is 

feedwater piping. Depending upon the operating parameters of 
the feedwater system, the flow rates, and the piping geometry, 
the pipe may be prone to corrosion or flow assisted corrosion 

(FAC). This is also referred to as erosion-corrosion. lf suscep
tible, the pipe may experience material loss from interna! sur
faces near bends, purnps, injection points and flow transitions. 

Ingress of air into the system can lead to corros ion and pitting. 
Out-of-service corros ion can occur if the boiler is idle for long 
periods. Assessment: Interna] visual inspection with a video 
pro be is recommended if access allows. NDE can include MT, 

PT or WFMT at selected welds. UTT should be done in any 
locations where FAC is suspected to ensure there is not signiti
cant piping wall loss. 

Deaerators: Overlooked for many years in condition as

sessment and maintenance inspection programs, deaerators ha,·e 
been known to fail catastrophically in both industrial and util
ity plants. The damage rnechanism is corrosion of shcll wcld� 
which occurs on the ID surfaces. Assessment: Deaerators' weld� 
should have a thorough visual inspection. All interna[ wel<ls 
and selected externa! attachrnent welds should be testcd by 

WFMT. 
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Attemperators: The spray flow attemperator, a device for 
controlling superheater outlet steam temperatu.re, is normally 
located in the piping system between the prirnary ( 1 st stage) 
superheater outlet and the secondary (2nd stage) superheater 
inlet. The attemperator is subject to failures associated with 
thermal fatigue cracking of its components and welds. Since it 
is in a closed loop of the boiler, failmes may go undetected un
til pieces of the attemperator lead to other damage, such as su
perheater tube failures. In addition to the B&W attemperator, 
condensing-type attemperators ( commonly called "sweetwater 
condensers"), have experienced failures associated with fatigue. 
These steam temperature control systems should also be part of 
the boiler fitness survey testing. Assessment: For the B& W spray 
attemperator, inspection is recornmended by removal of the spray 
head assembly. The spray head is inspected visually and tested 
nondestructively by MT/PT methods. Following removal of tbe 
spray head from the body of the attemperator, the attemperator 
thermal liner can be internally inspected with a video probe. 
Sweetwater condensers are subject to damage primarily from 
water harnmer leading to cracks in the condenser shell. All welds 
on the interna! surface of the condenser shell as well as shell 
connections and auxiliary piping should be inspected by MT, 
PT methods. If interna! access to the condenser shell is not 
possible then ultrasonic angle beam shear wave testing can be 
done to detect shell cracking. 

Tubing: By far the greatest number of forced outages in all 
types of boilers are caused by tube failures. Failure mecha
nisms vary greatly from the long tenn to the short term. Super
heater tubes operating at sufficient temperature can fail long 
terrn ( over many years) due to normal life expenditure. For these 
tubes with predicted finite life, B&W offers the NOTIS('P test 
and rernainíng life analysis. However, most tu bes in the indus
trial boiler do not have a finite life due to their tempcrature of 
operation under normal conditions. Tubes are more likely to 
fail because of abnormal deterioration such as: water/steam-side 
deposition retarding heat transfer, flow obstructions, tube cor
rosion (ID and/or OD), fatigue and tube erosion. Assessment:

Tubing is one of the components where visual exarnination is 
of great importance because rnany tube darnage rnechanisrns lead 
to visual signs such as dist011ion, discoloration, swelling or sur
face damage. The primary NDE method for obtaining data used 
in tube assessment is contact UTT for tube thickness measure
ments. Contact UTT is done on accessible tube surfaces by 
placing the UT transducer onto the tube using a couplant, a gel 
or fluid which transmits the UT sound into the tube. A new 
measurement technique developed by B&W under an EPRl

sponsored project is the FST-GAGETM [3I which utilizes EMAT, 
füectroM.agnetic Acoustic Ira.nsduce.r technology. EMAT uti
lizes electromagnetic induction to produce the ultra frequency 
pulse in the tube; this eliminates the need for a couplant. Con
tact UTT and the FST-GAGE have very accurate measurement 
capability which gives a measurement within plus or minus 
0.005 in. (0.127 mm). The FST-GAGE's UT accuracy without 
need of couplant makes it excellent for scanning tubes where 
isolated damage is a concern. Variations on standard contact 
UTT have been developed due to access limitations. Examples 
are IRIS-based techniques (interna! rotating inspection system) 
in which the UT signa! is reflected from a high RPM rotating 
mirror to sean tubes from the ID - cspecially in the area adja
cent to drums; and B&W's immersion UT where a multiple trans
ducer probe is inserted into boiler bank tubes from the steam 
drum to provide measurements at four orthogonal points. IRIS 
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and immersion UT require tubes to be flooded with water. Re
mote field eddy curren! (RFEC) probes have also been devel
oped for interna! inspection of tu bes. RFEC has the advantage 
of not requiring a tube to be flooded or have a column of water 
but it has the disadvantage of not providing the measurement 
accuracy of UT. Tube inspection systems based on laser 
profilometry have been developed that provide for inspection 
and mappi.ng of tube surface topography. These systems can be 
advantageous in the assessment of pitting. 

Remaining Lite 
Va.rious methods have been developed for assessing the re

maining useful life (RUL) of key boiler com¡,onents. For thin 
wall high temperature components, such as superheater tubing, 
failures are associated with creep rupture. Analysis of RU L is 
done usi.ng well established life fraction theories and creep-rup
ture material data bases.141 For heavy section components such
as headers and piping that operatc at high tcmperature, failures 
are characterized by the initiation and growth of cracks under 
the influence of creep and/or fatigue . Analysis methods have 

also been developed which consider time dependant fracture 
mechanics (TDFM) and that allow quantification of component 
life based on crack growth.f5l Tbese creep related life predic
tion rnethods are not normally needed for the industrial boilers 
beca use of their lower operating tempcratures. 

For the industrial boiler the most common too! for RUL as
sessment is analysis of corrosion and erosion rates and com
parison of actual component wall thicknesses versus American 
Society of Mechanical Engineers (ASME) Boiler Code calcu
lated minimums. Since tube life and tube failure tend tu be the 
rnajor cause of forced outages in aging boilers, RUL of low tem
perature tubes is a large part of industrial tube RUL assessment. 
In 1985, B& W developed a guideline that boiler owners could 
use for setting a flag or bench mark thickness in assessing tube 
wall measurement data. The guideline, released as B&W Plant 
Service Bulletin PSB-26, Tube Thickness Evaluation Repair or 
Replacement Guideline, was intended to help boiler owners by 
giving them guidance, while not being ovcrly conservative. For 
many boilers, tube failures most often have economic conse
quences such that the owner/operator will operate existing com
ponents as long as it is economically justified compared to thc 
cost of replacement. For these units, many years of componen! 
life may exist in the margin between ASME Code mínimum and 
the absolute mínimum wherc failures occur. For water-cooled 
tnbes, B&W guidelines established 70% specified wall thick
ness for the flag point below which the tube should be rcplaced. 
This guideline assumes that specified wall is approximatcly 
ASME minimwn - a valid assumption unless the original dc
sign included tube wall thickness with a corrosiun allowance 
over and above ASME mínimum. The guidelines are set so that 
tube replacement is planned before tube stresses reach thc yield 
strength of the tube. The PSB flag point guideline only a¡,¡,lics 

to boilers where tube leaks occur interna! to the boiler settings 
as a result of fire-side wall loss from erosion and corros ion, and 
tube failures do not pose a.n unusua.l safety risk. Failu.res that 
occur externa! to the boiler setting from mechanisms such as 
acid attack or corrosion fatigue must be treated with greatcr 
urgency and caution if the tube leak can cause injury tu per,on
nel. In addition, special circumstances dictate necessarily con
servative guidelines. For example, process recovery boi lcrs in 
the pulp and paper industry can experience an explosive smelt-
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water reaction if tube leak:s occur i.n the water wall tubes. For 
these boilers, tube replacernent is recommended when the tnbe 
wall drops below ASME mínimum thickness. 

Summary 
Extending the life of industrial boilers which operate at lower 

temperatures and pressures is a viable option to support plant 
steam production needs. The boile"r fitness survey has preven 
to be an effective program for determining the current condi
tion and remaining useful life of aging industrial boilers. Ex
tensive visual exarnination by an experienced B&W Field Ser
vice Engineer complemented by NDE allows comprehensive 
assessment and provides the owner with the information needed 
to mak:e long range decisions regarding the subject boiler. 
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a 5 ln 3tl yéirs '? ff 
'6vér 3t) yéhs '? v«

ú1éh:hi,i,o i,i;l:nts .wéré séléctétl infl �ssignétl for éAéh 
li\bi:biité-; ;wlthtn thé fa lli;_w1.ng ,ingés: 

VL � t) tn 2t) pntnts 
( '? IH tn !O j,i,i:nts 
M � Al. tn 6tl j,i,ints 
·H � <H ti, Stl i,�nts
V·H::,, &a tn ;1 oo j,iitnts

.LEAK OR BREAK 

n tiééhné évitiént, éh 1y in thé rinling j,ri,ééss thit .wé .wnii � 
�vé ti, �-fl'brénttité bétwéén thé ltté lthi,i,a i>f i léil<.: is in 
1F.i� 3 (n� iinéi,rnmi,n in stara systéms}; iiili i bra� 
(riij;ttiré) is in F.igiiré 1 (rilhér iinéí,mmnn J;n stam systéms).. 

flw niir riéilitiés, �éhn liné lHks in.� i ñiptiirés .wéré 
isstgnéti thé liké ,:hi,i,ti séms in 'tib lé ¾ . 

: 1 ' ' ,-:1-,;;. • .,�1)1� 'Rfsi; �s \,r t11�1i bi,�i S<N-;;.:1 
I:i�é 1·h¡,� A ttrtbiités Léll Riij,tiiré 

(l.)·P.rtnr r�l.ré Ü)t) 2;l 

t�} í>égriti�nn mééh.fuisms ft)t) H 
(3} Nnvé \y n:f·P.rnééss o o 

t'.J..i Abni,rmA l �A.�s 5tl l-1 
t�i $·,.�tcm A.� l(}tl SI 
Avérigé Séi,ré 7fl ('H) gh) 33 (ti;.w) 

'thf séi;ré i,n �bni,nnil li,�os (stéA1n biibbl6 éi,lijl'sé .wAÚ�r 
himmér) rérlécts thé i,lkit éic¡,éJi'énéé, .whéré �gé .w�tér 
�érs aiis&i léillgé biit n� riiJ'liiré. fo i,n� sºtich ¡;ven\, 
thé sté� himmér shéhéti n:ff nvérhé�tl sii¡,¡,nrts, fi gltré 5, 
in� biid<J&i hl éic¡,ins•í,n jí,•nt, fl•glüé 6, b·L,t néithér thé 
drlfon stéé l lt.né niir thé jí,i'nt rii¡,tiir&i. 
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CONSEQUENCE OF FAILURE 

:ist�m systéms !ré !s5tgnérl ! 'énm�éqiiénéé i,.!f!i�ré r!nk Énm. 
vt. tn vtt, fo lli,_w.

ng foés nf i:nqii1·ry ré litérl tn i,iib lié -�li
,w:,rlE.ér héii:h � s!réty; énvtrnmiiéncll �gé; protiiiét•nn 
1:m.i,ict, inli réénvéry éi;sts, Un olé li1.:.é bl4,i,ti, thé én�séqiiénéé 
sénré ts nnt in ivérigé; tnstéi.�; tt }·s §ssJ:gnéti thé .wnrst 
irW;:J"ng i,f !ll énnséqiiénéés, thé énnséqiiénéé itw"biités iré: 

(1) ·P.iib lié béHh � stf"éty
Nnné=;,\i'L 
iléí,i,�t; � ;:;. ·'ii 
l)�géri,iis � \i''M

(2) Wnd::ér héA ih �ti sif"éty
Nnné=;,vi:, 
-P.�éntti l Ü,st v:mé =;, :L
·Prnbic lé Inst timé � M
·Pntént1:i l éllti fty =;, tt
·Prnb!b lé �ti hy � Vk

(3} 'Envl:rnnménti l J:mi,iét 
Nnné=;,VL
Alért (�égriil.�.ii,n i,-fé¡1\}cil énntrnls) =;, i:.
Sllé émérgénéy =;, M .. _ _ . _ .. Génér!lémérgénéy �ynnli sl''te bnlinti!ry) =:e H

(!) t¡,ériti:i,n l:mi,i'ct 
Léss thtn i mnnth =;, vi:, 
i tn 3 mnnths =;, t 
·3 tn ii mnnths � M
t to 6 miinths =;, tt
bv&-6m.nnths:;o m

(5) R.éénvéry énsts (é léhii¡, inti ré¡,il rs).
Úss th!n $ 0.5 M:;, ,11, 
$tL5 tri J M � L 
$ J to 1 M :;, M 
$ 1 t� 5 M:;, ti 
tvér $ 5 M :;, V'l-1 

THE DANGERS OF STEAM 

thé isséssmént i,f úmséqiiénéé tiépéni:iéti nn .whéthér thé 
stéim foé léik r>r 1ii}'liiré .wis tn § éonl nétl sp!cé, in énc lnséJ 
s¡,§cé N nii1jjniirs. A úmiíné� sj,§éé Is A j.,é-m11tdi é�try spAéé, 
úmststént .wth bS·HA 19 CP.'R J 910-J ll6', i.in léss it Is Ainr, ly 
véntilitétL An éné lnséti sp!éé; for thé p'ii.r¡,nsé nfthé :-.stéim h né 
év-Hi!iinns; i·s i s¡,iéé siiéh is in o:ftféé, cnn1érénéé rnnm, 
ltinch rÍ,nm; él.e.; iin léss it is .ha¡:, ly véntJ litéfi. thé rdsnn � 
stéim léik is át'tia l •n t con:,:néti Í,r énc lnsdi spice l�s i:n (ió 
.wth Jts biirn pnlént/i 1 tn s.lin, thrn�i ánf! fling. fJ°tirn frnm 
stéAm is éx.péét&i to oééiir iinf!ér two énnf!ltJons: 

•

• 

Íf thé imf;ilént témpéritii.ré raéhés t > J 10°F.; �n;,J
Mi,Jsttiré Is éx.ééétis ¼ 1'1/o stéful by vn !timé

F.nr i ¼" holé léh; thésé éon�J.i'i:i"ons iré �·ctnévéti .w1th1n 
ri.v'niité, tn in iin�véntérl rnnm ofthé vnliit:né b'stéfi i"n tib lé 1. 

55t) 

bn i:hé b�si's nf thé �bi;vé �ás, �n<l i:hé téim··s éKp�,1;éncé, the 
fo lli,.vi.1tn0 cnntl.JtJÍ,ns .wb:é J�éntJ

.
'}l

°
éf! far i"ncTtisi"\'111 l rt t '� r1sk

rhl1'ng ;rocéss, Con<li'i:Jons nthbr t� ihés6 .woii lJ bé of li,.w 
Ii:sk: 

Con�iinn ¾ , OSHA é on1néti s¡,icé, éntry péni'll t req ii1 réi'L . . . Cont!Jti·on 1, tnéli;sé<l s¡,iéé; .viith btt lé vé11I1 ij11 l'Jn ( l'lfi1 e�,
st�tr.wél¼ été,} . . . 
Con<li"ti"nn 3; oiit<lonr; ·P. > J 50 psi", 1" §n.<l !Argér ¡:,1 pe, �-1t tn n 
3"' nI.wilk.w!ys in<l rí,i�. . . . 
C:mi!ttton ll; Oiil¡jí,í,r, ·P.� :150 f'Y; pi¡,é �millér lhAn ?l", w1 thin 
3"' oI.wilkwiys � rniil.s. _ . ton<l1\ion 5, 's\éim rJ>r,tng .wrthin "3·' oJ é h�&:I .w� lk.w�:,,; 
li<l<lér; .wii:hi,iit dgé or r.V l 

thé cnnséqiiéncé rink .wis éstib b sbdi �11 th6 b!sJ S i,J t hésé
1fvé e ón.fitttnns; is siii-i.un!it.:zé<l 1n ttb lé 3. 



'IRISK RANKING 
tht hké 1t·hi,od tn<l éonséqiiéncé bAving béén iss>

.
gn&l.; stéim

systéms can nÍ,.w lié i_; tittét!. Í,n thé 5ic5 rt"sk rriitrt"ié; fl:gw-é 1. 
thé ní,méné atiiré fi,r F.l:gw-é 1 l:s tl.ésatli&\ 1·n tili 1é 3. 
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:RISK INSPECTION PRIORITIES 
1Ónly í,né atégi,ry nhi:éim systéms (Ú) énclé<l iil' in i:hé m"gh
¡i sk atégi,ry: thésé foés .wéré }'ii

.
Í,rJ·v:ill! for mfu�ti,ry

:l nspécv-·i,n, 
�téim systéms in éitégi,ri-"és :r-u; :ru, u tn<l ·R.5, .wéré i lsi, 
1*1.énti%t1. foc m�<l.hnry insi_;éáii,ns: 

: th_é insi_;éétl:i,n i;r b.-wér rtslE citégi,1iés (Úl tn L5; iti) .wis Jé.í
úi thé discrét:iiin i,r éAéh iii,érAting iin}i 

CHECK 
thé résii li:s o:f thé ibové rt"sf rifikJ:ng iré qiiité li,gici l 

• thé REÍ �-:ié JlistitJli ly dl:fférénti�és liétwéén
Hb in<l bréih; linth nn b:kélthi,i,ti iILil. cnnséq"tiéncé.

• i'hé mitrtk mghltghts thé i,�éii �r i:tslii. issi,él".lté�
.viii:h énc bs&l. inti éí,nl

f
ndl si,iéés; .whi:ch 1·s .wé 11 i"n

b:né .viitth J:ntiiistry é:ic�érténcé ré lAtéti ti, stéim
'ilti b-

º
i:1:é S: 

• thé REÍ pri,ééss .wis ilsi, in i,p}'NtÍintty ti, béttér
qiiintdy thé rii-,ttl. hé!l."i.il' i,f in éné bs&l. s¡,!éé,
qiit"ékly léit!.1:ng ú, i ritil énvt:rnniaént,

, EXCEPTIONS 
Béciiisé i,l'érfo·i,ni l éki,ér1.éúé i"s ¡,irimniint 1:n éstili o"sJ-n

.
ng

' [i s� i,f ��-Iiit-&; éiéh npériting 'ildh:ty .wis i,t-i,vt�é�:i thé 
j ópi,nrti.in1:i:y ti, révté.w ini:i ip}'fnvé thé rtsk rinting or siibmtt 
1 iiisi11ia1.inn for éX:céi,ttnns, i,r t11sséntion frnm thé IU31 

rinbng, tn i Minigémént Cnnúl.1nit1ng tam. tru·s <lifl nl)-t 
;;·ú:"tir, is éich nl'érAting :fiobty j°l�t!.g&i. i.hé ·RB! rhk

.
i"ng 1.i, bé

�pi, Jiab lé ti, th61:r i,¡;ér.hii,n. 

As in iltémitivé tí, i:hé 1nspéét1.i,n i,f stéim 1·n énnl
f
néfi s¡,icés, 

ru /.Ú; itl.m1:nts1:ritivé ciint:rn ls 1'J:i.iy lié pi.it l:n ¡, 4ké tii i,révént 
clin:tnéfi s¡,icé éntry .whéré s-i:ébl hnés iré In sérvtée. t�i: Is, 
R¾ I.Ú bcitl:i,ns éi,ii � lié é ltmtnitéil. Irnm 1·nsi,éct1í,ns ir théré 
iré A.déqii.bé ci,ntr1' ls AAfl ¡,ri,téétJ.nns, nr si:é.fu! l s l SI) ijÍ:é(! ¡,rl or 
tr, éntry 1·nti, éí,n1fnétl. s_i,iéés. 

INSPECTION PLANNING 
!ns}'éctJ:i,n p lhning cÍ,nsJ.sts Í,fthé fo lli,.w1 ng �ctl vltl és:

• sé 16ctt
.
i,n ;,r 1ns_i,éétti,n li,atiiins 

• sélectinn i,fi
.
nsj,éctt"nn tééhniqi.•é

• Sé léct1·i,n nHccéÍ'tinéé éritéri i\ infl 1né-thoo for
Jtnéss-:fór-séril.éé ,hséssméni: 

INSPECTION LOCATIONS GUIDE 
fflvi°ng tiJ.én-ttJféfj_ thé }'P·ocity lllS}'écttnn systén1 fürili·l•tés, 
éa.éh s-i:éarn éng1ºnéér .wís réqi.iésté(l tí, sé léél � ml ni"miim l'lf :] 0 
inspéétií,n béitií,ns in éiéh :Udbty, i"n thé ru·¡gh ¡isk atégoriés 
R¾i.'Ú; ·R_l; iú intl. ·R.5. this résíi li:étP·n é li,sé ti, ÜJV I nspéél1 on 
ina�·ims. 

thé tJ.é�{iJ.itl:Í,n rn.ééhAnism far .WA 11 li,ss In drli\in stéé i stéim 
h:nés, tn s�rhét!. sté.hn sérvtéé, ls éri,sií,n CNTosi"i,n (fbw 
kéé léritétl éí,rri,stiin flAC). Gi.iiflinéé for sé léctt on of 
inspéétl"nn pí,tnts !ne Qii'J.éi'i: 

• Ards iif ¡,r1:ru- ré¡,�:rs inf:1 k-nri.wn ciin-nstnn
• ·Brhéh éi,nnéé1:1·i,ns; �� si rlés hifj bn-Üóm l'lf ¡,iré
• biitér iré (é:ktri.�ns) Mélbnws
• o_i, tii ¾ t)-+J.rimétérs iio.wnstréim i,f é lbl'I.WS Anf! l'lfl :i éé

i, lités
• l>éi� légs
• At s

i
gns i,f �imigé ti, liggi.ng .wit h bré�c h nf

1·11sii !ii:i"i,n 
• At si"gns i,.f .wétnéss í,,- 16illg6
• At b.w i,i,i"nts in vérti:a l légs í,r siggi ng spins .wéré

ciintl.én�é cói.i 1.tl. iúi.,mi., ijté
• whéré .witér in� stéim rn• K (-pnpp• ng sni.,n�s fn.,m

litibb lé cí,llil'sé)
• ChAngés 1n érnss séc�J-ón (r&liiéér)

INSPECTION TECHNIQUES 
thé chi,i-"cé i,.j 1·nsl'ect) \in tééhn}qiiés hls to t¿Jréss twn 
c�llengés: 

5 

• ·Béaiisé thé i"ns}'écti"nn .wdl tli:é ¡, !icé In .w, ntér timé.
tl� Jnsi,éct1"nns .wdl i.tké l' ijér, wii h �-id1i1 b nés In 
sérv).cé. 

• Mhy stéAm bnés Jité biék to thf, �95tr s �n� hhf
isbé�iis lns·lÍ iju"i,n.



1!n iglt t)-] thésé tit:fi!'.é"li li.tés; thréé tnspécttnn tééhni'q'liés �vé 
,liéén évilii�éii: st�1il�il str�ght béLi-1 lÍ á.·�sonJ:c tésti'ng 
¡(l'ii lsé éého}; i,li ls&i édfly éiirrént; P.1giiré &; �fl fi/g1-ti l 
•iiil!ti;grii,hy, ¡;:jg1i.ré 9: ·iBéaiisé thé linés � tñ lié inspéététi
,.wh;"Jé J:n-sérviéé; ivi,l:tiJ:ng rémnvil ;,.r t'nsii liti'nn; Jiti lsé<l dfüy
éiirrént i.1úi �-giül ri�:ogrii,hy 

.
wéré thé préférrM tééhni'q.liés,

,'·P.ii ls@ étltiy éiirrént tnsi,édi'nns hiti béén éontriététi twn yars
. éMlt'ér, .with gi,™'1. résii li.s, tln:s i.1mé; i.hé 1ns�ééi.1i,n i.ééhn1qi.,é
•reléctéfl .wis i1:1:g1iil rt{!)'i,gd.phy,

F.igtiré 9 ls i tiigtti l rMingri¡,hy n:f i l" séhétili 1é &tl stéim
•ii,é, it shi,.ws li,ngitii�:ni l strihi:i,ns is i:hé fl:xw éni:érs thé
¡ rétl.iiéér sécttnn; futi mi&éfl :wi u thinnt

.
ng tn thé .wé !ti ttsé !f.

INSPECTION ACCEPTANCE CRITERIA 

·P.i1.nr i:n iºnsi,ééi:1nn; 1ºi: J·s ésséni:i'i l i:ri tié:il
°
né �úé¡,Íinéé ér1iéri'�. 

thé f!éstgn bisl:s for thé sité riping systéms • s A�H'E -iif:3 :! .1 'for 
stéím j,r�Jí.ú:1:1·;,n An�l Ji°sWliiit1.on; infl :A..'SH1:: :g3J j for si.am 
i.,sé in �éi-hti:és. A i:hréé lévé 1 iééé¡,tinéé éi1tér1 Nl .wi:o; Jé11 né,i 
Jn térins nf m.J nim¡¡m .wi ll thléJ;méss: 

Gréén; sté� h'né kéél'lib lé for úmi:i'ni.,éti sérvl éé; ré-l IlSJ'lréi 
t-n 5 ybArs; t°;f

lmm > tm,n ·¡: 50 ni Is, infl 
i:IEUB >, 20% lnn!II :+: 50 mlls 

thé Gréén éi:t-tétt'on ibové is bis@ on tO éná1p binéé .with ihr 
A.SM'f. ·B3:I. réqiii.réti. riininúim .v,.il l� (b) pr:,v1�-ilng � :fütúé
éorroston i lli,.winéé i,f 1 o mpy ic 5 yars, ti l l i: hé néict
�·nsj,écifon 1·11 5 yéks; .ilnd (é) .ilss·ii!i.ng th.ilt théré 1 � no
éxéésstvé .wí 11 li,ss, ni,ttn éxééé;ei &o% r,J i hé ,;;_-� ll. thé lh�
-¿¡1\érJ on (é) 1 s éonsJ si:éni. .with B3l ó111 for i,J l Aiúi g�s
j,t.pé linés, inti t's siá1t lir i'n énnééj,tto AP.t fi9llll 'íftnéss-far
sérviéé ni lés far généd l.wi l1 i:ln'nning.

trnm ; i:,wa, infl 
l,i,ia > 20% la�ia 

thé yélln.w ci1téri'nr: �óové ts biséti on (i). éninp b'inú .with dv
ASMi: ·B3¾ réqiiiºréii mi-111ºmiim .wi ¡� .withoºiit � .futiire COlTl')sl 011
� lbwtnéé; in<:t (b) issii11 ng i:lut i:héré Is no éi<'ééssi·;;¡_; ,;;_,� l l bss. 
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.Ré�, iriim.é�l1té isséssá1ént, sifégiiiúi1.ng h;oi shii-t;oJ.own 1f 
1nécéss�; lf 

,tm:m � mirimiim masiiréti .wi 11 tm'drnéss 
,tmio � m:tnimi..,m .willtb\Jméss réqii:tréf.l 'liy A

°
SM'E ·il3°31 ·¿oflé

,tnoia"' no mini l 
.
wi 11 thick:néss; in

F.N mn.é ti.bt�-lbtl. isséssmbnts; 1:n i,hlt·¿¡¡ lir :fi;r thf évHiiti'on 
M yé lli,

.
w in.ii gréén réititngs; thé ni lés i,f AP.Í 579, miy lié 

'1ii,i, •éti tn évi liiité thé :1h:néss-for-sérv1éé in.ii rém�ni'ng b'1e �f 
1thé corrooéti stéim lt'né: 

·:coNCLUSION

,•A Ii:sk:�liisdi insj,éétion (REÍ) i,rngrlm 
.
wis "1.évélnÍ'é<'i in;,¡ l·s 

. 'liéi.-ng imi, l6méntéti ti, i,révéni: �téim !ccJ.tiéni:s i:hii: énii �
•jéñpirtliz6 si:íe-ty ñr prooiiét•i,n, Stéim systéms .wéré rinkéti on
1thé bisis nf llJ_éthnoo An.ii énnséqiiénéé n:f :tlt'liiré. fosj,éét:inn 
· ·téchniqiiés hti i"ééé�inéé c¡t'tért1 .wéré tiévé lii¡;éti in.ti .v

i 
11 bé 

-,�¡,¡, \:éf.l ti, insi,f'ét iitit:ty infi pri,'éés:s :stéLn \:nb; :sl:té-.vif.lé, 
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THE ART OF OESIGNING PIPING SUPPOl-\í SVSTEMS 
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ABSiRACT 

The st.:md�rd appro4ch to pi� support dH'lgn is to 
fo11ow well known, atc:&pted. P•'aetiui: th@ ort of de• 
si9nin9 support syste11s is to 90 beyond these common 
prac t ice$, 

This P«Ptr u$es spedf1c @)(Ol'Qf)lu to dU\Qnitrate that 
�he u$� of sor.1e connon prac; tite$ con l ead to rea 1 pro� 
olems 1n sorne s1tuattons. Support tY?t bUtd on vtrtt
ca1 thernlil displacement, spriog lcads !Htt to t»laoc� 
the we1ght at hot cond1tion. anchors at expansion 
joint fnstallation, s.prings ,hed to minimiH th� ven·· 
t1cal load at equipments are amon� the spetific items
discussed, The potential of ut11,,:in9 tdetion tore•t 
to replace tne exp�nsive snubbers is also presented. 

lNTRODUCTlON 

A basit des19n is nonnally c�ted by following �OIOOlOn 
rules fonnulated fl"0111 the past e�perieoces of the 
indvstry as a whole, The counon rules &rl! �ssentia1 
for the day to day deslgn practi�e. However, tíle 
rule$ p11ss.ed front (J�ri�ration tu generation are only 
those which are hroad enough �nd �imple �no�9h to 
warr11nt i.l s.pac� io tho compaey H¡¡ndar<h or technieul 
books. T�ese rules are val id fot most of the s1tuae 
tions. but fov�11d for cer-tafo Ci\ses. Thi ��teptions 
are often �o irn:onspicuous thilt thuy c.;on uu ov1trloo\t..(ild 

, even by exper1 enced eng1 neers. To dea 1 'Nith tnese 1 s 
,en art which requ1r�s exc:ept1on$ to the 1·ulei. 

An art h undoubtly abstract. Thercfore, fosteacl of 
Presenting prif1ciples, this article wi1l use some 
specific e�amples to demonstrate the 1da�s. ror 
\nstanee, -.ihat c:an 90 wrong by (1} se1ecti1,9 the 
t\lpport types bue<! on 11ert1c¡,l thc'f'U\.6l �xp1ns1or, 
displaceioont. (2) by making the aquiJ)l'lent r.ozxle take 
no direct \'féight lo11d, ('3) by settfo9 the spr1ng ta 

1 b�1�nce the wei9ht �t hot condition or (4) by instQ1l� 
tng anchor 11bera1ly at expanston joint installations. 

W1th the aavance of the compyter tec�niqu,, almost all 
the calculations todey are done by eo1nouters. Hawever. 
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the old ma�im "9arb
.
a9e in garba9e out" is stffl true. 

In ordcr to prov1de better dato for the computer, a 
couple of prectices nave been evolvad. First. a1l 
th� s�pPOrt fllClmbers and &tt«chlllo�ts �re de&igned toba 
�uper �tiff. Secondly, frict1on forces are greatly 
r�d�ctd by using teflon sliding plat@S �r ball jointed 
strut�, With thfm: painstaldng arron9eme,,ts, ana lySt$ 
cirn ti(lW lioast. of the val ltlity of their ¡rngly)l:S. Howm 

ever, few have realized th�t the brute force �pproach 
has thrQWn awuy t-,,:o of the m4jor ingredients that have 
helpe<I pre�ervtt the strueturo1 integrH.y of' the disi911. 
These two ingredients are flex1b111ty and friction, �nd 
thQY should be once �gofn put to work to our �dvant�gc. 

5U?PORT T\'PES 

The types of supports are noriilally seleetad ba!ed c-n 
too vertical therma1 dtsplacelllents exptM::ted at the 
suj)port lociltions. 1Ug1d iupports are u:rnd at phcus 
wh�re the expected thtnMl dhphcement is very s1n�l1, 
V4�iab1e springs are used for medium displ�cements, 
and c0nstant �ffort supports jre used when displace� 
munts are 9reat. Th(l practktl is vny logicHl, but 
problems arht oecil!ifonal1y. Oddly onough, the use of 
sprin9s and consunt suAports create more probl�"s 
than tile use Qf ri gid s1Jpporh. Although it i · t1·1.rn 
thilt a rigid support $hould not be ustd even lit a ploce 
h¡iving a S11'41l expected ther'flllll disphctment. the rnh
appl icíltion of rigid supports will be �tectecJ s oon 
;¡:, il!l an41y:. ts h perfonNl!d. On the o t.ht:r lit.111i.l, tllu 
anllysts on a spring or conHant effort supported 
systeM cannot readily tell thc mis-applic�tion of th 
springs. 

FiquN 1 �hoW$ one situation that might end uµ with � 
prohlem. A free thermal expansion analysis shows a 
vertic�l dis�lacem�nt of 11 1nches (280 rorr,) at tha 
middlc of .the span due tQ ilrchfng effcct. Thi? dls
pl�celll(lnts at other support points �re �ll gre�ter 
than 3 fnches (76 mm). 8y usfn9 the fN& the�l 
displac�m:rnt as a guidance, com,t11nl t:rfort f.upp l'ts 
will � used for the entire system a� sh01�n in Figure 
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rig. l Fre� Thermal Oisplacement 

.ll). So� soubbers l\l1gl'lt aho be added if the 
1t1111 is t.o be dut�ne<i for urthquako, A$1do from 
1 har�Jare cost, the arrangement appe1rs to hive no 
'blems. Tho computer 1m11ysh shows petf4lct results, 
· the in:stallation wil1 ha�e no pr0.bltll1 e1tMr. ihe
'b1em l'\everthe1ess oceurs when tne syitem is reijdjl 
1 operation and the tr�ve1 stop$ trt reiooved. It 
11 dn' t ha ve carne a t a worse t 1 !lle, • b\rt- thiü is the 
wre of most the problems. 

s system may co1lapse if the 1c.tu1l pipo, fotu1a� 
�. and attacnment weignt is considerably heav1er 
n the theoretical or assumed weight used in the 
1igh, The sy:¡, tcm 111ay weigh ti 101,1i;h u l 5 ¡,crtent 
I! than the design ca.pacity of the supPorts and this 
1make tho field adjustments &l1110st ifflpo&sible. One 
1 argue th6t the wei9ht shou1d have been estimate� 
e conservative1y. but the pofot is th'1t the syat.e1!\ 
11gne(j 1s uonble to absorb th& unctrtAfot,\I due to 
Ufactur1ng tolerance. The system �an also be under
ght mak1ng the fie1d 1'djustnient eQ\.lil.1\y iJflPOSSible, 
n with a properly adjusted syste!II, becau.se of the 
ot1on assoc11ted w1th the l1nke911 1 lot of ba�ing 
1 be expetted during the st�rt-up and $h�t-down. 
1 mov•ment tendi toba stuck for 4 while th�n �n 
ennittent sudden releue. 

ure 1 (b) �ho',11$ 4 better des1go by pl��in� ri9id 
.Ports a t tha rni ddl e spans where ttie free thenno 1 
Placemenb are the graate,t. This systam h rnuch 
e capable fQr absorbin9 tht we1gh v��1at1on d1s
Grded by the COIQPUter. Jt ,lso tost, 1 lot 
s than the of!e $honw in l ( n). 

1 8ALAHCE 

111 high temperature systemi in oruer t'1 r1riniali.e the 
,ep. t� spring is �et in sucll a �ay that the spr1n9 
ce and the system woight wil1 btltn�Q out e�ch Qth,r 
er the not operet1ng condit1on. lt 1$ 1mportant 
t the sustained str�ss be reduced to mi�im1.111 at 
,e¡¡ temperature. F'or a low t•tttti.mt p1p1ng 
rt little creep 1s expected, it is sti11 4 good 
a to do the saine so the unb&lanc&d load is •1n1-
etl un<ter the operat1ng conoition. Hot b1ltnce 
Sijth a good practice that is cons1dered ns one of 
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tne buh: principles of piping er19ineering. 

�Y �dopting the hot balance approach, the springs 
have to be locked i� pl1ce dijring instªllation. The 
locks or stops are re1110ved when the $ystem is ready 
for operttion. n,e prc;b1em is that fo IDilflY ca.ses 
severe tw1sting and Jerking occur wnen tne stops are 
removed, Tn1s h somewhat e.xpected beca use the $Pr1119 
forc�s 1t told condition are diffgrent frum tho�� 
required for balanciog the we1ght. Thfs calcu\3teJ 
prel�ding is o.lright if everything 'h u 1deo1 as 
calcul�ted. As mentioned previously the pipe wei9ht. 
insuhtion wei9ht, c:lcllllP weight ancJ so forth c:on var.,v 
consid�rably from the theorecticol 'tal ues. Ttierefore 
the a�tua1 lo�din9 applied to thc syst� cain be quHe 
diffe.,.ent from Uut ene calcul.¡¡ted, 

T� deviations of t�e weight dnd the analytieal mocte1 
are so difficult to predict that the hot balance 
upproach ititended to 11irrlmh:e th hot loud 1s in fitct 
applytng unpredictable loads on both cold and l'lot 
condit1ons. A11gr'l-'!Wnt probletfls have frequently 
o<:CU\'red ori hrge routing eqvipment. The- th�r<ltic:al 
m1ni1Jl\lm hot load is actually only a pap<1r promhe. lt 
hits th@ ta1·get som-e of the times 1u1fl is off the 
tar9et at other times. This kind oi' incerhirtty 1s 
simply too IUUCh of a risk to be taken on an e>'.per,s.h'e 
de11cata machfne 'Al1ch is often the heart of the en· 
tire plant. Therefore, a more reliable approach is 
n�oded. Contriry to the eo�" praettce. the reliabli 
approaco is tne cold balonce apprcach, 

ln the cold balance appro�ch 1 the fit up of the piping 
to a c�ressor or turbine h nornially done witt\ 
sprhlgs unl<icked. The construction engine�r wlll tl1en 
try to adjust the sprin¡¡ load to tirin9 the pipe con
ri�t1on to the equipm�nt noule lt(ith 4 ndnlmU1u help 
of outside force. lrl this w�. it is $1Jre that the 
p1p1ng load at cold condit1on is a1moat lt:T"J, altl�ough 
sorne load is expected under the operot111g conditio11. 
However, thh hot load caus� by spri119 force varilltion 
is highly predictvbla. The cold b41an�Q has l>ec�-ne 
more and more popular lately. 0esign�rs who fail to 
understirnd the sHuntion wil l make the f1eld adjustment 
very diff1cult an<I will also creüte unnecessary argu-
111cnt with the constructioo eng1neers. ihe systcm 
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1desi9ned int.eotiori�lly to bo.l,rnce the wei9ht ¡¡t cole 
condit1on wi11 �ke the tield c\djustm�nt much ft�Si<H'. 
With this understijnding. tho dcsigner c�n slmply in
strllct t.he f'leld to set the spdng i)t cul<;ul�tt?cl r.ot 
load instead cf the shifted cold load. 

ZERO WElGHT LOAD ON NOZZLE 

lt is a COl1'•'!101l practica to �d�c¡y�tcly $Ypport a p-\ping 
system th&t no weight is imposcd on roti,thlg equip� 

,1�nt. This c�n b\! done fairly ea�ily b1 phcing 
1 Pr<1per s.upports at propt1r locatiOt'l$. The only problem 
a$socioted with thh proctice is the bl ind d�pend,nce 
on the computers. 

,SQnie µiping st.n.t$S computer progNm5 üied in th� 1n� 
1dustry todajl have an autom\ltic spring :rnhction capa�
1 bllity. They als.o have the option of relQasfog the 
,vertical triu1slational con�tnint at certgin anchors 
lduring the spr1ng sclect1on process. ihh op.ti<m wil1 
'forte the springs to c�rry all the wei�nt leav1ng very 
Uttle d1rect -we\ght 10ild on on l¾qu1pr,1ent nou1�-
This option is u�eful if it h nppl ied correct1y.
il)r if'lstance, many de$1gners da fiOt reeogni�e that tl1a 

,scheme reduces only the direct weight load but not 
1 necessari1y the -..eight moment. To have tho scheme 
Ido tne job right, springs. neve to be locatud at 
,suitable locations. Otherwise, the sin··lngs sel(;lct�d 
1hy t�is aneh�r r�1ea�e option can m�ke thJ �ystem 
,worse than the ones selectcd without the ar.cror re-
l�ase optfon. 

, Ft�ure 2 shows a typ, cal pt.81\p d hcl\argc !}1 ¡,1t19. Ir.
,,2 la). since. there 1s a sprin9 directly over tho va1v� 
,Iassf!ntbly 1 the spring selection ¡>rocen with tht anchor
're1ease option wi1l force th@ spr1n9s to carry the 
1 ent1re wei9ht 1eavin g very lHtle load to the ¡:,1Jl1\p 
nou)e, lf the �nchor release opt1on i:. not usud, 
then mo� t l i ke ly spri ng f\ and pUlllp nou161 wi ll f�Ch 
c�rry about one hal f of the assembly weight. This 

 
of tourse happ¡ns only when the sprfn91i are selected 

· by comput�r program

The situation will be different 1f the spring A is not
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ilVailable '1$ shown in Figure 2 {b). tn thb ase, H 
the sprtng is s&lectf!d with tht anchor rehllsft opt,on, 
the spri ng 8 wi 11 be forced to p1 ck up the ent ir� 
weight includi119 thl! whole volv@ assembly. This wl'll 
leave very little vertical force on the no?ile but wil1 
crea te a hvge bQndifl9 mo1nent on the nou1 a. UrrtQrtu
nitely, this huge mom@nt may @sc�pe th� attention of 
the enalyst 1ft s.ome cases. SQllle computer pro9riiM1S, in 
�o �tternpt to ipeed up tho p'l'QC:e$s, g1vi? thQ 1�ight 
load c:ase resul t$ tak.en from the enes obta I r,ed wi th 
lnC:hQr relea:r.1td. By do1n9 �o. thlil hl9h moment. at the 
nozzle will l'IOt show up in the output report. lhe 
onl y cl�e to this problem is the signif1cant vertic�, 
dh;pl oceme11t shown it the irnchor potnt. This vertica1 
displacement 1$ not very obvious and is often over
looked or iyoored. A prQptirly ues i 9ntd cgn11,1Uter pro
gnm w111 apply the spring force sulected ara! thti 
arn:;hor fixed to re�alcu1 ate tha wefght result. Wit.11 
th1s type of proper analysts, the high mo1nent wi17 
�ppear at the no�zle together with an upw�rd di.p\ace
ment at the spring 1ocation. With :systems 1.1s sho,�n 1n 
Figure 2 (b), i t w111 be more hvoral,lc to select the 
spr1ng w1th the ar,chor fixed. !n thls woy the aochor 
wi11 &b$or-b sorne V(!rt1ea1 wtl'1ght force b11t not the 
huge bending moment, 

EXPANSION JOINT ANOIOlf 

One of thi most 1m!)()rUnt riquirements in designlng bo1-
1uw expens1on joint system is to 1nstall suffic1ent 
arn:.hors for nnhting prt.t$SYrt: e11t.i forces. Figl.lre 3 
(1} �hows trie potent1a1 pipe mov,m�nt when no proper 
�nchor is insta11ed. F1gure 3 (b) represents the 
syst�m stQbilize<l by the unchor. The anchor nonna11y 
needs to l>e designed to absorb cnly the vectorial sum 
of the two end forces. However, i f the <..y tam is 
ElxpecttJd to ex peri enr;;e flow su roes, the u1,equa 1i ty 
Qf the two end fQN;e$ H any time imitant. ¡¡)so n� •d-:. 
to be cons1dcrcd. It 1s also possible that a valve 
is located at one side of the anchor as shown in 
Figure 3 (e). In this case the anchor has to be dti· 
stgned nlso for the condition when the val ve is 
closed. lf th1s valve !hutaoff condition is nut de· 
s1gl'led for the anchor can hil duE! to inacteguate de
sign, ospeéia11 y when the h@nd on9le 1s Sllliil ,, 



re are al�o cases when anchors shOtJ1d f\Ot be used. 
1,1re 4 shows ii ti ed e:-.ptn� i o:t1 jo ir, t whi ch h ustd 
absorb the lateral differential tX�t1sion. By com� 
ing with figure 3 arren9ement, it 1'.S tempt1ng tQ 
, an anctior a t the base suppcrt to res is t trie bt¼l • 
1 tnd force. This anctior :\PPUrs so natural thl.lt 
blem� ar� Qften overlooked eve� by �n experiented 
cker. The prob 1 ein o f tht inchor car\ be �.itl,) h í 11e d 

1111 the sturt up s�u1wce. Wturn thq pipe h huted 
b<:lth 6 and C ends expand into the bellow 1eavin9 

i;k at the tie-t'(.ldS. As soon u the tia-ro1hi 9et 
,se, the pressure end force pushl!'t� the turbil'le h 
1 btilanced. This pressure force normal ly h svff1 .. 
nt to push the turbine off al ig�nt c��s1'1g Sti'ii!N 
rational probhms. fo¡¡ corntct irlsh11atlon. this 
hor is not used. T�e pressure wil l µ1Jst1 the bue 
port outward ensuring a balancing force on thi tie
sto cancel the pre��ij�C end fore• �etin9 on th� 
bine, 

Et Hl�t SYSTEM 

rmetry a.Ad balance are nonna lly ctJnsid�red two ml)jor 
nciples in a good de�ign. However, there ant 

.asions w�n s�try can a1so m�an handic�p. The 
ee hinge systme f�qucntly us�d 111 solvin9 plane 
llnsi<in problem is one of the c)(ili'!\Pl�s. 

(a) (b) 

Figure 5 shows a three hinge syst�m to be inHil1le(l h 
1at")e ditinl@t�r p1pir19 c:;onnected between tW() roi'ljor 
pieces of equip1ru1nt. Figurt 5 (�) h the pet·fert 
syrmietric 1AyQut favorl?d by mony �e:1i911ers 1 inclu<1-
i119 exoerieni;:ed enes. The only prool em with this :ay• 
out is that. the threiil hinges are 1 fnod ,p in a perfect 
straight 1i�. F'or the hin9e 2 to t>e �c:tive it has to 
move wheh tht" sys tero is hea ted up. •iowevel"', th is is 
�lfflOst impos�ible dutt to the pQrf�ct $j1Tlffl�try. For 
instance, ff a 1 ine is draw11 between hinges l �r.d 3 
to divide the !,püce into two ln,lf spaces I aoel Il, it 
is chHtr t.ti�t ari,y 9i...,en point i: ii, hal f sp,.u:tt r there 
1 s a c:orre!lpor'li:1�1l9 symrnetdc- poi 11t ¡ot: In ha1 f spacc I T. 
In other WONlS, if the hir1go 2 Co:\n move to x, it ca11 
c:ert,Jinly rnove to xx too. �lnce 1 t ctlnrwt be o;it l'-O 
different IQC<ltiufls é)t the SQtlle t.ime, t.he hh19e wi 11 
be simply stock wi thout 111ovin9 anywtiere. This is 1m 
@xaíl\ph of puro !:.)liMlfltrie car-�. fo r-o<'! 1 ity cerh i » 
unsYfllll(ltrical ef'fett wil1 be tn,ilt-ln In the systei11 to 
a11ow the hin9e to move. 

figure 5 (b} >hows th� mo>Jetn1¡¡1lt ar hin9e 2 whfci, 1s 
located slightly off tha sytm1etric line dve to con
stru1:ticin deviaticn, Thl? hing� 2 in this caso will 
nl<lvc: tllw11rd the ha 1f s,;m.c:e J 1, bu t tlH! magn i tude o f Lh@ 
irovement can be urtel<r>ectedly hi gh. For instan<:�, 1,d tt: 
the dimension írnd the tempcrilture s'1own, tl1c til1culilted 

i e) 

fig. 3 Ad�qu.:lte Anc:hcir Is Cimrntl111 

o
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(e) 

fi9. � Sy,nn�try- C.cn A1so Mean ?roblems 

�•nt of hinge 2 is 65 inches (1651 mm}, and the 
¡le of hinge rot1tion is 12 degrecs. Thii movement 
, too mur.;h to be: aci;omn-xJdated by SUPPQrt. s.y$ttm. The 
lction on th� support will olso havt v�ry 9reat 
fett on thc eqai¡:¡ment 1Q(lding, 

! system can be gre!tly improvéd by iim>ting the
�ge 2 away frQlll thc line cor,oecting u.e end hinges
ind 3 ns �oo .. n i.fl Figure S (e). 1.1/itl'i tlli i a I ter
-ti ve layout, tne expacted hinge Z mo"emellt is ra� 
.:ed to ab-Out 5 inches (127 11Y11) with a hingc rota
'.ln of cmly 1.1.boYt one degree, This ol"dtu• of r.w.gni• 
-ie h we11 within th-e no1,n.1l support �ystem capaclt,y.

1CTlON fiESTRAINT

' systerns which need to b� dtisigm�d for �noek locd�
�� tho co1Tt110n Jpproach 1s to instlll t snubbors,
ther hydraulic 11r mechunkal. at PQints where ri9il1
�traints are not permitt� due to thermal rn:pamt1on
�uir!lrnent. lt works fine except theN 1r1 �lso
1fficuHies. lhese snubbers are not only exper.sive
t 1lso rEquire cons"nt roeinteMnct. rk• '"uboor
.io has a built-in play tn,lt allows th11 nistruiut 
�nt ta move a certahl amount b41fQr11 bii1ng lltop�d. 
ns slacx roa�es the snubber a poor restraint for 
·m amplitu<fe. stctidy ihté vib.-1t10ns. A frie�
lnal restraint may be rnore suit&ble ft>r sorne cans.

g�re 6 show:. t horhontal loop syst�m whosf.1 vertic'1l
bon can be Q<)�i1y restrílined with dgld supµorts.
e tiori1ont1l motion. however. is somtwhut complicat
. Each 1 eg of the 1 oop needs an i 1'termed 1 at� hor1 -
'r\t1l rtstraint to resist the @4ll"thqw.ike load. How,
er, because of the thermal expansion, 11 ri9id nori
nta1 restN int wi11 crec.t� too 111,11::h therfl'.ill l expéHlt
011 st.-ess. In this case the straight fon¡tlr<.I illr
oach is to irtstal) a snubber. Th.e quest1on l".et·o is
thert; is 11.n al ternative appro�ch. Th@ nudr. rea.son

e loop needs the hortionta1 Y"estr�1nts is h@cause
e vnrestrat!led systtm wi11 shax.a in the n�ighbornoot\
the pe-,k. re!>ponse sp�ctra. Once the horizontal

�tr-a1r.ts are insta11ed, the natural frequ!§lncy wn\
1ft upward to a more favorable s.:iectN range.
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Therefore, it is interesting to note that the horiaon
tal restraint force req�ired is Qnly about 500 pour.di 
(2224N). fhis magnitude of force is normally to1eruble 
to a� 8 i�ch (2l9 mm outs1de diafll�ter) pipe. Oy 
usin9 -rric.tionul �wty braces adjustad d 500 pourid� 
force, the br�ces \�i11 actas rigid stops during 
@arU1Qu11ke tmmt, while putting limited restraint 
force against thennal expans1011 mo"tment. Table 1 
shows the stl"Qssts for dH'fcn-ent support schenie 1.m!d. 
The tílbh is con�tr1.11.:ted by as�l.lllling that thc sn1Jbbers 
impose no Y-esisbnce to themal expansion. In rNl ity 
becouse �f th� tight seal Nquirement, th� 'f"@�istance 
hopos� by a smibher can be signi t'icont. 

Table 1, Pipe Stress Genimrted oy Dlfferent Support 
Sch@rnes 

Pfpo Stre$s(ps1), 1 ¡,s f .. 6. 709 KPA 

R\lStr�int Then'11a1 Expansion f:drthq\take 

M1thcut Restraint 8950 8030 

Rigid Restraints 38390 1380 

Snubbers 895() 1380 

Frictional bracu 14400 1380 
-

The abQve discussion aemo"strotes the use of fri�tional 
brece to stop a dynaniic mot Ion. Thl:l frictiooal 
re$t�ints can also be und to obsorb the d.ynij1111c 
1110ti0n. For energy �bsorption, the support point 
haS to b� allowed to move II smal 1 amount. The S11'1il1l 
lllQV�e�t coupied with a fr1ction for�e Cafi effect1ve1y 
¡-,b�orb the vibration ener::1.v thus in<:rQ�s.cs the d11111ping 
of the systE!CI. 

CONCI.USION 

Pipin9 support �ysttll!S are gener�1ly de5ignetl by two 
nkljor rules. The support locatioM are determ111ed by 
the gu1cHmce of th� m11x1ffrum a11owabl e spans, and the 
suppol"t types are sel ected tiased on the cx1>ect"cl ver ti-



1 thermal dhphcements. Tht1'l o.'11 11$0 ru1H u1d 
1ctkes aoopted to f�ciHhte thtt duf gn o.nd to 
)id coo1110n nl"Ors. Howtver, u demon,trded 1n the 
i>Ve dis�ssions, there 1m: 1.lwayi o>eeeption to �eh
1the rulos. These éx�ptions. tf not h-ndled pro·
'ly, can cauJe diff1cult1ts 1n 1n1t111�t1on •nd
Nttt p�obl&111s durin9 op&ration. 

8" SC/140 

FEEl)WATER 6'x'l'F 

e" TIIICK /NSI..II..AT!ON 

1"•25.4 mm 

(' =o.3o481n 

ó'id'F 1o 343t 

.. 

4.ar--�-..,,-----.---------. 

(l +-----+-�-�----i-----"" 
o az o.3 

P$RIOD
1 

( SGC)

F19. 6 r'riction Restra1t1ts c.t vlork 
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COLO SPRING OF RESTRAINEO PIPlNG SVSTEM 
. ' 

L. -C. hA11
Pa1111 l:i!l(lu\ut, mu
HQl.lttOn. T,1111 

IABSTRAC'l' 

PoYler pipu¡g i• often irulta.ll�d with eold itpring 
1 to control the irutial hot naction and to pf'Ot�et th.e 
1 connec:ted equipme.nt. Howeve1•, , cole! 1p1•in¡ing o! u 
1 rulratned or a b.nnched a:y:iitem ili u vory aopb.ia-
1 t!cated procedure which ea.n lnd to &n u.nprtd!ctable 
1 rea11lt if it is not done properly. Tnia papei- dtacua-
1 Ita the pi-oottdu.n a.nd the JWObl�m uaoci.t\t�d with 
: tbtt cold apring pl"Ocua. li ul.eo pN&vnts the meihod 
1 a.dopteo by computer pn,gram:, 1n -.,�iy�m¡ thu co:W 
1 aprlng éffect and in preparing the eolct 1pri� data. 

1 INTRODUCTION 

Cold a.pri.ng, erupring, �n4 eoltl p1,1ll ll.N 11.U 
1r1ferr1n¡ to the ,proceas wn1ch »treHH the pipui¡ 
1 o.t the inet.alled or cold eondition in order to ndu.ce 
, tbe streSB e.t the operatm, or h.ot conditlon. Th• 
i pl'QC\!&a invol.vee lay in¡ ol.lt tbe pipin¡ iQmowhat 
18�¡-t�fr tha.n tbe i.nstalli.ng 8ptt.C:., 'l'hi8 Cl'Ul't,\tlll 11. ¡a.p 
1a.t tt\e finü "eld location whem tb.e i,yatem ia erected 
'Tbe ayst11m ia füen pulled o.r pu.uh.�d tlC®r<.Ung to a. 
,predeterminad procedure to ..cloae tho en.p and to 
!finiah the final w11ld, The gap ilJ aiHd d"ptrn.dinlt on
1 tne aold aprmc factor de&iNd.' A 100 perC<i!nt oo.ld
1 aprLmg •yatem will ha.ve tho tl"P oi:t.e e.q@l to the
1amount of the aya�em expansion minua tne dU!n@nt

,1 ial anchor ,movements, By tbe aan1� token, ifl a. 50
1perc:ont oold Gprun¡ oyotcm thu pp ti�� is c�t to

::one hal.f ot tht sy11tem expanalon minu.11 thc dUferen· 
1 tial anchor movements. A 100 peraent cold ap¡-ung 
1aya�um. if inatalled pi'Oporly,wiU havo th.lll expt.uuJion 
1 •treea t-educed to Hro when ti.• a1y�tun l'eacues 1.he 
,open.tin¡ tempentu.re. tt wlll be free of any thermal 
1 �)(panaion atreH 1.1nd11r lb• I\Qt OP*l"I.\Ullj �onditiO.tl, 

Cola spring is olten o.pplied to a piping syatem 
to, l) red1>.ce the oot sh-ess to mit.igute the reep 

13 

a&.m&g�, a) nduce the 1nitial hot reuotion for1.:e un 
conne<:ting eq1.1ipmrnt, and 3) control the movemaut 
spacQ, However, at tno c:retp r� tlu-. :.tre¡¡¡¡!,t wUl 
bQ reluated 10 tbe ;i:elañ.tion UmU evau if th� pipe 
ill not cold tipnng. Thc ¡enoral belief is that tbc 
addtttonal creep da.roage ca.11aed by th0 initial thermal 
exparution »treae 13 irulignific:&nt lf tha tot11.l expan
.&ion stresa ranga is ohecked within the allowab1e 
Umit. Tbc l'4t&.l ¡a.in Qf the cold spring h{\6 becoine 
tho rud�ct1on of the hot reactioo. The control of lhe 
mov�mtmt 11�ce ia 1;Jtc1mJ1;1.r;y. 

Tb.e gene1•al philosophy llnd lhe Code rulos of the 
cold spi'illf ha.ve been diacú&aed by many writ"ra 
{ 1, 2, 3, 4 ). Tne det¡¡¡,Uttd oold uprin¡ pr<.>eedurt: hfta 
also been discllssed fully [5, 6, 7, 8) in om: <.1f the 
specfaJ. &@Hions grven in the 1981 ASME P�uuNt 
VoH""l am.l Pipinfll CQn:feren.c�. This papor wHl foQUB 

· on tbe dillC:I.\Hicm of tl'l111 111yihnn1,1 wi.th 1nterme,.Hull.!
reatraint11. Since the intermeuia.te r�u,train\11 a.re
1,uied tor dif'ferent purpoaea, ea.ch differ�nt s>·stem
m11y hav� to have a dittorenl app,·oaeh in eold sp
:ringmg.

LOCAL�l!:D C:OL:O SPRlNG 

Cole! t1pr� is ,.u,•d molilly to nHl uce the h \ 
, rea0tion. Th-, Code [91 atipul&ttHt th.al the hot roai;
tion (?�n be eu.lculated bi Ec¡uation (1). 

(l) 

Wher@, Rn � nl&Xilllllln NILCUo.fl Qlitim�tl)d to Qt:CIU' 
in tl\e bQt c.ondition 

C " cole! sprillf factor varyin¡ trom z1n·o 
roi- no cold spring to l . 00 for loo ¾ 
cold epring. 



Eh" mQdulns of elaatidty in the hot con-
1:Jitic.m. 

Ec= modulua of elastioUy iu thQ 0.old º®"' 

dilion. 
R " roax.imum rea.et.ion ealculattld far t'ull 

expan8ion range baSttd on co�d modulua 
or elastio.ity ru1d without eon�idtir:ing 
the cold spring. 

'Equatton (1) 1s appUcable only when tn .. entir@ 
, tem is cold sprung wliformly in all the directions. 
1aohieve this uniformityl every leg oí the ptping 
' to be fabricated w1t.h cut short. Each branch of 
1 ay��m hus to be ereeted witti ª cold spring pp 
ehown in I•'igure 1-(u), Altbou¡h in most turbit1e 
neeliol'ls th� GAP-2 anti GAP-3 are not nq1.1i�ed, 
1heory ea.ch branch has tQ haw a cald sp:ring pp 
llhlil ayatem c:nn be sprun¡ uniformly, 
1.1\s de:moMttated in l!'igu.1·e 1-(n), in oi-det." to 
1eve ttie untform cold spring the entiN aystem 'is 

·1¡ect to thtt so �He� cold sprint ,ngin&ering. AU
drawi.ngi; ha.ve to be dual dtmt1ruiion•d with

, design or 1$p(\tiul coor<linii.to1:1 �lo.n¡ with tbe cut
rls or erecUon coofiJinates. Tn«.i �xpeeted c�ld
'ing movcrn.,crnts also ha� to b@ apeeitied in th@

same clro.win.g or on s.noth�r set of drowio,s. T-he� 
�u add' up to the complexity of the desisn and tb� 
co&t of th.c plant. To simplify the proc�dure, u leos 
elega.nt appToach of springing only one ce1-tain direc
Uon :roa.y be a.doptQd. This unidin<:tiona.l la(;al c,old 
apriog otten achlev1ts the aame ettectiv.,nesa o..e tbe 
unifo:rrn eold spring, but at e. n,uch reduced cost, 

In tho s;ystem shown in Figure l �(o.), tite spatie..l 
dimenuiona betw1ten the two taed end po1n1s ¡¡re : 
Xa92' (28:m), Y•l31' (40m). and Z=l5' {4. Gm). From 
the buic beam theory it cn.n be 1H1.sily sbown thil.t at 
a given displacement or QJtpansion, thu di1::1pla':)ement 
stNaa p-rodu.ced in the - pipe ts roughly inversely pro� 
porttoool to the squan o.f thc length, P'urthe1·more, 
th� displueermrnt 1mpos..d on a giv<:n leg is propor• 
tiona.l to th• ltmgth o! th� lateral le-g. By combinlng 
th� abo-ve, it !s elear that the stress praduc�d by 
ea.oh leg is pl'op,Qrtionnl to -thc cube ot the- length of 
Hu: le¡. In ti.le pipi.ug syatcm ahown, although the 
Y-leg is only about 42 percent longer tha.n the X·leg.
tb• strua created by the Y-leg is about tb.ree times
ot the st1·,us cre.1ted hy the X•ll'lg, Therefore by 100
peroenl eold spr.inglng ot1ly thv Y-dirc<:tion as ahown
in Figv.re l -(b), the ex.pected hot stre H w m b� re -
dueed to o.hout cm� thlrd ot the design stress range.

PIPE : 24" Sch-120 ( 610mm O. D. , 46mm Thick) 
ASTM A213,Tll � 1-1/4 Cr-1/'l Mo) 
1000" F (53Uº C ) 

Therma.l Expan�ion Stress: 
No Cold Spr!ng ( hot): 9 71 S 
Local Cold Sp,ing (hot): 2016 
Local Col d Spril� (colo}: 9236 

(a) Uniform Cold Spring C b) Local Cold Spring 

Figure l, Cold Spring Q{,.p�1 
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11ct�uu �D-lculatit:m 1:.lhows ttul.t tM stns:s wm bti 
�ed to about eme fit'tb of tntt d�si�n streas ra.nge. 
1 is app:roaching tne e)Cpeºt�d 1·�duetl1;>11 ft•ou1 tht,1; 
L'm cold sprlng in vtew of th.e !a.et that thc: uni� 
, cold apring is mu.et-. roore diJ'fic.u.lt to &.C(..'Qm-

'Y comparing botb. Figu,-ee l -(e.) and l .. (h). it is 
l'ent that the dual dimenaioual dr-a.wil� 1� nut 
ld tor 'th" unidh-ectional loea.l eold 1april\Q', Tne 
1a1·y layout drawing can be us"d with little modi• 
10n, Tbu only addfüonal dimeMiot\ l'eq_tdt·�d la 
r�p l<>ca.Uon and th.e gap s.iH . lt 1;;hould be noted 
:the ga.p location sbown may not be the oost loca.-
11.vailable. !t .i s only 11sed to deroantlr&te thft 
llictty of tht meth.od . 

,;) SPlUNG PRACTICE 

iold ap¡-in¡ing i� bew:fici"-l Mi f'@ducing the- �u�t 
,ion and in aad&ting a system to · rfH\�h the :re -
1 atage quieker. When a syste.m x-oa.ehu tb.e 
�d atage quieker. it mitig.í.leS th@ creep damap 
ld by the hot stress during tho initwl o�ra.tion 
d, 'l'ho11gb. wi'th all tneae bene!tt:'.1 1 tbe pl'actlce 
,l<I a¡¡ring variea from ü1duatry tQ indllliltl'y. In 
oasil power induatry. due to tlw tur-bi.n@ ma.nu• 
rers' iúsistence und tbe indust1·y1s long time 
Uon, a.lmoat all tb.e roa.in itüm 0incl reh\til.t 
A pipinfB are col.d sprung. Tb.h, � ui�inly btl -
, tb.etie Unes are always operating at t�e croep 
i and th& cold spring nas been reoognized to be 
,to reduce thc cr��P da.:mn11� . Aleo b.�ausn tne 
1sprin¡ is a :rutner expensive pr-QCedure , oncQ 
JQcision is made to spring it ill ¡-.:001-ully set to 
1ve the :rna.ximllm b1mefit í'rom it. 'l.'hi.t is U' the 
d.s to be cold sp1.·wig, it is almoat always done 
1 1 00 per<:ent . Othe;r lines 1n·e Vt:l'Y se lclom cold 
fl& due to tlle low operatitlfl' te mpe.rllture, Cold 
¡g can be used at low temperature lin�s in re 
¡g tbe hot re��tion, bu.t t.he bonofil is not ª-ª 
, f.li in bigb. tempera.i111�e U.nu. Tlli hot a.Uow�ble 
;ion and the eold allowabl1: :rcaction oormally 
� VVf'y little . This ml.lke-s tbQ shifting of tbe N

. r ,  fi-o:rn th� llot c(mdition to the c:old condüioo 
,ny attractive . In tha nuclear pow�r industey 
1ipin¡ ltt not cold sprung n¡ain btC3U&e ot its 

1·r low opero.tulg tempet'l\tUfil'.
m¡inuers in the peirocttti'micul iudtJst¡-y Qru uor
' nct very keen in cold springtng. t1lthougn m� 

':l.'na in the proceas plants oper&te in tb.e ertiep 
,, Thls is partly due to practitlullt.y and pa.rtly 

,;o tho opinions o! tbeu· piom.ttn'ª [1, a, 3 ) ,  Th.t} 
¡ in � procesa phl.nt is gemira.lly mort: complex 
tt.e piping· in a. powex· plant. Al�o the engince,·-
1.n.d c<:u\struction ec:hedule l$ gener'1Uy v�n'y 

' ;, This combinu:Uon mu.k� i. th� cóld s¡n•ing vei·y . 
a.cUcal. However, that does not mean that lhe 
Uia industry dou not want to ake Uut ac.lv&ntagQ 
•ld springing. ll is just a ulatter of the ooat
tivenesa. 'l'he · cost of tne additiouiÜ. en.¡iueering
:bo e:irt<inded construction scl"t&dule outwe�b� th• 

. ed reduction in creep dam11ge at Uu: iuitial op� ·
¡ period. Cold spring is occa sionally ui;ed to

16 

r�dqce the cquipm�nL lo11d in ¡¡,. proct:i!Hj plant. but. 
that i.w only limited to localized springing. 'The c;old 
spr1ng tactol:" in this CUIQ stildom w-xeeods 50 µcroent. 
lt sbould aloo be noted tbu.t uormally 1:1peciaJ approval 

· is rc:quired to pertorm 11. ool<l spi-ing in a process
piping. The:re a.re a lot of plactui where cold sprül¡
ia not allowed. 'l'hese at'\'t '1t the l.\l'tH3.S wh�r� cold
5p:rin¡ i!i moiit lugicully neQ�ed.  F'or inatance, orw 
of ihtt mQat diftieull pi.pin¡- to design i s  th� c:oJl'l}»'e · 

soo:r- piping which ha.s to meet .the vet"y low allowable
nozzle lo:>.d imposed by the l'l'Hmufooiuri: :r .  lf cold
aprin¡ can be appliad judiciously, the load would b�
casi(u' to meet. But cald ap.ringin.g on those pipings

. is ¡e:ner�lly noL allowed. Om1 of tne reasons which
p1'0tübits tne cold spring is the low operating tom 
perature involved in thoM pipú1g6.  l'h� thcorclical 
oold spr,in¡ ¡ap und tht: &pi·inging rnovement involved 
are u.U very 1:unu.U. Since it is ve1•y dlfficult to maa
au.r0 and Qontrol thei.le ijmall displacernents 1ip in th@ 
air in the field , the •t'fectiventiH of the oold sprln¡¡ 
is Ull¡)redictable . ll might e-ven pt'Od �ce a load w hich 
is damaruial;y hi¡h. to thc equ.ip:nent . In any eue it 
u. �old 1$pr:.lng is d&i>iHd, ttum a special procedurc
has to be invoked to ensu1·e the intendt'ld 1"'e:Sult ,

ANAL�'l'lCAL PROCIDDUltE 

With the adv-dJltA¡e of the compute r technology 
1ww3day t1.lluo�t all tlw pipe liltl"t H1s ca!culationa aro 
don� by di¡ritial coU1putQrs, 'l'her<:1fore , .it is i:mpor
tant t.o seo how a eornputer progralTI is impht11 1onk d 
to analyze the eold spring eifect . In a rnoden, pipe 
Stress Camput@r ¡»-O¡ra:m the COld apring is IUu.\l)'
nd by füe oombination. or th� cold 6p1•ing gap eleman1 
u,ncJ the �upport d.ispl.acttment. 01' colirse. if tho cold 
spring la uni!o:rm. the system can bt: u.na.ly:.-.cd by 
adjusting thc exp1m6Jon 1·ute lo rna.tch the: cold :,pring 
factor (!1:sired. Howevar, by adjusting only tb@ 
e�pansion rate will not be enoogh to produce the \Jata 
Meded to:r c11ld spr:h:i.ging � ::iyi,tt,m w itb intermedlat • 
l'eStr&(Rt&, 

The cold .spring gap elermmt ia uscd to pu.U boU1 
ends of the glclp togethet·. Ji t lw fltip clo ,nent :La 1.Uitd 
at the ope1•a.Hn¡ ternp 'rut.uri.t , .ttw �11.alysü,i J:1imulates 
tbe hot. concUtion. On tbe other hand if th� gap oleu.i
ont is u.sed with the an\bient tempe1·aturl, ,  theu tl 10 
anal:y3is aimulates the theor@ticªl cold Bpt'Íl\gÜlg 
proeess givinf the pipe foi,oes, ditjplllcements, and 
stNssefJ of the �ystem ll.!ter  the pull. Howevi,r. i! 
Hi@ �yatou1 has &. rl¡¡id intu'm@d.iate r!i'St:raint an 
iibown in Figt1re 2, the s.nalysis is aorncw li�t more 
oomplieated. Sinci; the coanputor prog-ra.m cannot 
automatically cmTipensu.te ro� the re liltra. int mnv•u·mmt 
Qdjusted dlU'ing the culd sp.ringing, the analysis actu� 
ally eonaidH'S the reah•aint a.s fix�d bofoi-..:i lhl,} col<J 
springing. This of oour:se does not N,p.ru�n1 the 
actual cuse wh.en the reótraint is eontinuously acljus
t.1ad durina tb.Q apring1ng. 'l'hereforé . a vnl !d analyt'w,, 
will ueed the input of the rest1·e.i llt rnov�mont in a.d 
ditiot1 to the eold SJJJ'ing gap. The movttm�nt oí tbe 
ros1rlilint t:a.n be calculat1sd as in .Equation (2 ). 



() 

-.�..¡,.-

( a) En<Jtcd PosiUon ( b) Gap Cl osed (e) nt}.strat.n1 lnsta.lled

Fi¡l.lN 2. Rutrainta lnstolied atter Cold Spring 

(2) 

nen:. D " restraiut displllcem�nt l'djueted 
du.ring the cold springin¡. 

De "' Ci>ld apring displacement w1tl:\ollt 
including the · rutraint, 

e ., cold spring factor 
Dn .. hot displacement wiUw1.1t QQmJidering 

the gap and tbe reat.rain.t. 

The displl.\ceuiente giY1:u iu Equa"U<m (3) aro a.U 
referenoe to the erected poafüon jUaat befo:-e tM 

·rlnging, Equation (2) oa.n be obtained by p�rforming
10 analyses. One for Oc imd the ot.hel" for Dh, lt
1n al.so be achined by a. single eombined a.na.lyaia
1ing an e�nsion rate '1quale to th� actual QXJ)IUl ..
()n rate modiíied w·ith the ool<l 1prin¡ f•ctor. �om
ned with. the cold sp,;-ing gap. 'l'bo !1.Q&l 1tlNH
11.lyah, ie done witb thnie dUferent computer runa.
!le Code stress con1pliance checlt is performed
.thout c:onsidoring thc oold tlprillf. Th@ Code dcx,11
-t Jivc lha cold aprin¡ any ON<lit in. rttdl,l.Oin¡' the

· ! stnu. Th� not :reactton i• cal<lulawd by \Ut;i.ng
13 o!. the dosign eold spring gap pl.ua 2/3 ot thc .
1atr:lint displacornE1:nt as calcu.lat•d in Equ-'tlon (2).
11e Code only giV�s 2/3 of the cndit in <.Ul.cu.lat.lng
� hot reaction. l<'inall:y, tba cold roacttém i& ca.1-
1-ted by u:.l:ug the ambient temperature plua tha

,u col.d spring gap plua the fllll reatreirrt die'pb.c�
ant. The cold reaction caus�d 'by the aeU aprin¡ing
t to the stress rola.xation o,J6o needa to bt! clui ck�cl
ing the formula given in the Code {9].

�ST.RAINT INSTALLATION 

Reetrainta are used for: l) aupporUn¡ tht\ weight, 
. res\sUng oecuional londs such ae eu1bc¡uake and 
�1.rn hammer, and 3) controlli.ng the pipe fot"ce te 

· otect aensfüvP. equipment. In ueb .apl}lieation a..
�<::ific: way of cold apring pruced�e ia normelly
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ealled for, 
lt\ a �Qld eprung system, the W•ight ia normally 

supported by spring and conatant aupports to reduce 
the e.x.pansiou stress. However, at plaees wbere th� 
expeeted thermd displa.cement or the e�ctod rea
traint torce is small, the rigid eupporta are llBed h 
red�ee the plant cost and l\lso to help .et biliH tha 
Syiitem. Rigid &upports also �erve to r�&is1 th.• 
occa.eional load. S1nce rlgid eupport1 ar• normally 
thofie or adjua1able type, th�y a.re used to support 
1.he weight H ,usual duri.ng the oold ap:ringin¡. The 
support points are adJ,11ted 'Oonetantly thro�ghout· th,· 
cold sprillging procese. Thq final loca.tion .are set t• 
the values aa calculated in Equa.tion (2). 

ln addition to supporting the pipe wei.ght, restr
aints a1·e often requll-ed' in resisting oeoasionalloads 
Re·au-aints whicb n1-e deat¡ned solely tor th1t occe.
sion.a.l load can � in11tall@d u.fl&f' the cold ap1•ingin¡ 
ia completed. For instance, in a uniform 100 percer. 
eold apt>ung system the reetraints cnn be instlllied 
whou tllo ayotom is l'lql at the upentint ternperatu:rv 
Since ihe etre&Hll and tbe rei.lraint forces ue Hro 
at hot oo.ndJUon. the. reettainta can be in�alled ver) 
eaaily without a.ny spi•ingin,a. The force and strelil8 
at cold conditlou can be ealeuh1.t d cither by uslng a 
nt:ga.tivc expansion ra.te (c::ontractiou Nto) 01• h.r 
9imply rewrain¡ the quantiUn calcuLated w!tti the 
operating temperatur� w.ithol.lt oold spring gap. 1n 
eitbox- ca� th@ l"f)Rtro.inta have to be ineluded with 
no dlsplacements, 

For systems wbicb are designcd for non�wú.tor·w 
cold spring or for lesa tha.n 100 per�nt cold sprlng 
tbe restraints aN normally installed right after the 
eold �pringing at the cold condítion. The reatraints 
are tb.en o.djusied to n,ove an a.mount which ie g1ven 
in Equatio11 (2). The support adJustmcnt displacemen1 
given by EquaUon (2) ü1 to be done in. re!erence to 
tlw erect�d poeition 'b4,fo1-c 1pringtn,. lt tlle N.fer" 
ence is to be taken based ou lhe cold sprung poai· 
tion be1ore a.n)' restr:.int is tnstalled, then thti 
adj1.urt:ment displacement C Dh should be u�d. It 



<Ju.ld be noted. howevtlr, tbat (m«• tht 11yst�m ' ta 
Lled by any one .of the rutraints the enttre s:yatem 
sition w ill be shitted trom the original oold apr1.1ng 
htion, The . 1-o!erence points wm oo e h.u:.ged due to 
1.11 1hU'tiug. lt lllpp4i!1u·$ tbat it is �"-iitH' to u.Eht the 
tcted poaition as tbe refere nce . Beeau1ti the u1:1et-
1 poaiiion ia ei.tlle1• füe srune u or in l'}iil't\lll)l w tne 
aign spatial poliition. 

Another Q&tegory Qf re�traints a.r� tho.1:1e uaetd in 
1 protection of the sensitive ec¡uii,m•nt, Most. Pi,Pe 
L'US <mginoeu know tha.t the mcal ditficu.U pa:rt o.t 
r>e stress a.nalys1s is to meet thQ v.Uowobl@ l<>ªda 
;ren oy U\e v1tndora of the- rotating and oth,u· typelll 
1 aenaitive equipment. To meijt the all0wu.bl1, lln 
1Jeniou1 layout ooupl.ed w 1th tl'trategic&lly lo0ated 
strainta are generally call.,d for ªª ahown in 
¡11ro 3 . Occuionally a locali�ed cold Apring iB 
i.10 applied to eplit the eXpla\nSil.)n force lnto, cokl 
tl hot, two parts, In tl'lis Ci..ijt , tn@ :re atra.intli bav� 
1 he inst&Ued before the oold sµrit\gtng . Otherw ise . 
� cold load due to cold $pring would bit tOQ rnuch 
1 rnost of the syete ma. This is du0 to the fo.et that 
!tl\out the rtst.ra"int s thc loao a.cth'\g on t ba 11,achine
,n be as high as one ord,n-· of magnitude over the
,1,d ot the restro.int proteoted system .  The cold
rtng factor ll&ed· under <nis typo of applio11t1.on .i.a
rmaUy aet at :'iO percent. The muimum valu.e
ed ie '76 P4trcent. With 7S p111roe nt oold spring, the
t and cold load can be culculated bttsed on th� eode
1le u in Eq�tion (3).

Rb - [ l. O - O,  75 (a/ 3 ) ] R ;;; O ,  6 R 

Since aio5l of the vendora w m  {.l.llQw 1)0 percent 
�re load. when the ma.ch1oo iEI idle. thtt above hQt 
:i cold loa.da have the aame lilquill si¡nifie�nc�. Th� 
·l<I apring in etiect 1-ed1Ace s lhe pipio¡ lo1t.l1 by &O
r.-cent in rel.ation to the equipm@nt allowable .

'The ca. lculation in this situation is v�ry strai¡ht
,·warll. 'l"h@ cold loiid u.ni;t atn�s �'Er i;)la\l<rn3ted by
1:lud1.ng both the gap and the rttstrat.nt, at a.mbümt
:io teinperature ,  The theorrtlo.al hot load imd t1tress
!l calou.la.ted a¡ain by inclu.dinit buth thc ¡u.p and
t r.estra.int. but al the d«H ii.gn pipa ttimper•t urt) . In

,ui applicatlon. aince th.e support ts litationary
rtn¡ the- cold sp:t• in¡in¡. no lliUppo:rt di1pl@o�rnent
l'da to be includéu. As the CodQ •.mJ,y allow� a / 3
1 th.e cold spring creclit, tb.e gap 11nuu.ld b� rV'du�-ud

2/3 betore being usad in the hQt loa.ti cakula.tion. 

,\fure 3, Restra.ints Jnibi.ll�d b�fore Cold Spring 

1 7  

CONCLUSIONS 

Although the Code (9]  dou not allow any eold 
lpring credit tn evalua.ting thti t h.armal expanston 
stross, oold sprin¡ or a pipint ayato m has <\ deH 
uittt bunetit in 1niti¡atirag thu e1'eep do.muge , Cc1ld 
sprin¡ is a ao_phiitlcated proceaa :requiring wttll tJ s 
ta.blisl\ed «je si,n and installation p1·oc11td ure whie! 1  can 
in<:r�uuie the pw.nt cost 1md de lay the conslru..:t i.on 
�ehe<i1.1le. Engi.ne�rs �hinüó aleo be aware tt\{; fa.et 
tbai dilferent indu stries h.\Ve di!fere nt co ld spring 
practioea.  U' a gjnn industry is not prepa re-d tu do 
tbe cold ap:.rin¡ fo1• e�ono.mic 01· otlw1· rease1t1s , l htiri 
it $h<>uld bQ avoided. 

WUh tbe liU\&lytice.i tools &v¡¡.ilable today,  the cold 
spritig ettect ca.n be ,1naly�ed ali easily cm nonu1üform 
oo.td sprin¡ \\3 on uniform eold sprin¡;, In v iew of the 
ooniplexity assQe:iated with thc 1.u1.ifol.'m cold f\fH'ing·, 
uow may be thc time to $liu·t thinking aboul the non -
uniform springing, A locallz('td unidil'nction�l -:old 
Spl.'lnlJ, w hic:h is much sl.mple r lo a.pply, an bet used 
to aelüave the sume ef-fectiveness a& the unifo1·m 
cold sprifl8 in many casu, 

lnterroecliate reat:rainta iu:·e u.eed rn piping &ys:e m 
to; O support the weight, 2) resist occusianal load ., 
and 3) protect equipment . Each awlicat ion has  1t s 

. OWU cold 8pl'llli procodw•e , 'I'hti we.ight SU)Jpot·t 1� 
normally inst&Utid befo1·e tne cold springing with thtt 
�upport elernent oonstanUy adjuit�d thl·oughL,ut t I ¡(;> 
Springine p>;OC�Ss. The- r1:1Stl'ainte dN11 lgucd sulcly fo1· 
r�liiS.tin¡ occasional loa.d are no:rmally imituU-•d at't1n· 
tl\e cold spring is compl�ted. lf thl'l syi,i tem is i Oll 
p�rcent uu.iformly cold sprun¡. then t hcse r ·eslnuut a 
can be tnst-.Ued w nen tne systern Is hot . Thi� .voitl� 
tb.& 8pringing o;t· tt1tt rutraint el¡¡,;rnent . U t lw ijySti\!ro 
is not l OQ peJ:"cent uniform spruni, tht H\ rcstru int s 
tn-o inéital.wd &1.l cold condition wilh a d i::1plt1cc mant 
applied to achieve toe .niquired sprtngirig . Ttor thoso 
:re stra ints usod in prot�cting senailive equi pnwnt , 
they. a.1·e im1talled bcfore the c:old �pringiH.1,1 , umt a.rti 
fix.ed in place from the very beginning, l:\ecause o! 
tht}f!e difforent proc::édUl'li! 8, the 1,mi.\lysis me l hod is 
awo dUfcrt:nt for tiactl application. 
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TRACT 

The friction forC8 at the pipe suppo:rt has a 
i.fit'.ant e:ffect on the b&havior o:f 3 pi.p,inl)? sya�m. 

lile-a nn analysts w'ithout inclu.d1ng th� :NHltr�int 
::t. an o.nnlysia w ithOLlt includiil,g the tm}lpol1: 
,ion may be menu.ingless tn son'ltl ca�a. The 
rtment oí Slll)POI1 frfoti-0u irl Ule p� st,·tHllS 
ysis is nut yet well defined in practico. 'l'his 
·:r will tx·y to ontlinti the p.rO"-"t;'tlure to be \.l�c-d in
&muy2i�. The paper fü·irt preli1t.mb ª t¡ypical
1lem t<l show the significan<.:� ol the ��pport f:ric-

l't then discusses soma toetmiqtJ.@fl used ln th61 
uiicm of the friction in a. c:omput\'ll' :program. 
Jled discusslon :is given in the arrangeme11t o.f 
nnalysis to comply wlth t� pipiJ.g cade reqtm:"e � 
1ts oí s�pnn.ting the austained lnNS8 from the 
,-Umitlng stress. Spcc:ial tl�atment of wifill tmcl 
llquake loatle are al�o discuss�d. Th� pa�r dolll.$ 
wfüi to.e lit».tic espect of the lllta.lylili�. 

1\0DUCTION 

Sup¡,ort ft-iction in a pipini sy•tern e.�n pnw�nt 
pipe from hee expans1on thurJ <:Jreo.t!ng a higher 
aa in the pipe and a h:.i¡her lo� on th11: connectin¡ 

!Pnlent. Howewr, in certu.in inst�11ces the fl•ietion
·help stabilize tb.a ays'ltwi and l'eductt dilm•se-
:i. in dealing witb pure tberm1ll expaneion, ·fü41l
,ion can serve afi guidea tbua pt"ev@.nt:ing a J..rge

h-om bein� ti•anl3m itt�d to thfl X'l'.)1.!lUnt, C1q,Ui¡:u1H11t')t,
refore. there is no rule of thumb as to \vh.ither
: n0,11eonsi,rvntivt1 to ignore tha fr:Letton. ln ge.ne:-

When dealing with the dynnmic lou.d, ttie ír•iction
� to x-educe füe :o:iagnitude of boib the pip� streais
the equipment load. In tllw Ot\Se. the omiasiou

11� friction ia conservative. How�v�r. t.b.tu-o is no 
1ral rule governing the static lo,ld, lli tbii ca&c, 
et'fect of the friction ne�d to be investigat�d to 
1la.t8 as c:J.osely a.:i pos:.ibl@ th� rHl tdtu.a.tion, 
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The etiect of the friction is mo1·e important .in 
aam• s.r�%ª· ln th@ lilnalyslll of tb� long trw mi�sion 
pipeline [1}. it ie ent.irely the balancing ofthe f),'i•ti<m 
forc� 1.gafn.st th@ pote:ntial expaMion for�e. Wttho1ü 
includlne the frict.i�1 tha analysis WOLtld h&\ r� oo,;¡¡n 
mee.uingless. Anottmr e.rea of importanco is t.he 
pi¡.1:ing comteet�d to tM rot11t1ng �quipm · nt. The l'{)to
ting e1:¡ulp.m�n.t is notorious fot• ita low tlllo\�lt hlt.i 
piping loads. Sometimes the friction �t one auppcn·t 
c�n qompktdy charigcr tbe accepttlbility of tne piping 
syi,'te:m. Ta.ke the !iystem shown in l<'igur•o l for 
inatance. The rtuJtarint at 2ó is installed to protect 
thll! eompnissnr at l O. The efff¼ct of the friction t 
25 i� demonatrated by oomparing thfl analysia res1Jlts 
of the ca.se wtth friction against the cu.se w1thot1t the 
friotion. Jt is clear 1hat tne f:riction at resh'aint 2fi 
is ai¡nifiea.nt, By t\pplying A.PI s·rn-617 [7) critcrin. 
Qnly tb.e load c.a.l<:ulated with the restr�üut but wHhout 
tha friction is acoeptal:11@. Tho A!,'l �-ritw.t·ía ia uv1i1lu� 
�ted e1@parat�ly &.nd ia not induuí1d in fü!.� 1,)S.J.Jt•r. 

Pipe .nata. : 323. O mm O. n. (12" nominal), H. 5 mm tk 
(Std), l 50"C, E"'l 92380 MPa, 
oxp ratl!i " 1.�3:niwlm. wtcc75.5 kgln: 
trictíou �otor nt 25,. O. 4 

¡;'ig\1re 1, EJ'!ect of Friction on Cornpr1<ssor ipmg 
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Forc�a (�) _ _ __ . Mo��,!lt5 <�::m)
Fx F,r Jfz Mx 1Vty M� 

-1145 -3727 32Z7 -4519 -10152 -1829
----�··----·- ,., ..... .  -.............. ,.._ _ _  ,., .... ., .... 

-1465 -3913 -269 1143 .. 17 �29sa 

····--••n.-- __.,."'t!,.="'"'-_ _.., ... ,,.,..,�--, 

-1735 -S397 -339 501 200 -7308

.By including the frietion in the analysi¡¡, ·ihQ 
ilf!t will ap:prccfate thf!t :r�Q.\lil'@m�nt. Qf uaing low 
on type sliding pl3.tes or struts. Som� m{e'ht 
th.at low f:riction slidiu.g plat.es should na.VE! ooan 
in the fir-st placa. The truth i� tbu.t th'1 f:riction 
:�Y oft.en needed für tbe smooth t>PQ r-titi(u.1 Qf tb.o 
·.r.e. 11 stabili.�es tb.e pipin.g �nd dt\mpQM QUt tho
.ia.l vibntion. F111·thern:1ore� the pop1dar J.Qw
i>ri sliding ¡>late a.dcls a cou�lchu'ab1o problu:i in
oer11.tion �d n1-5.tnten1.no� ot th� pl&nt.

.Ll'NEAR RESTRAINTS 

ln. a finite element compute:· program the- frie
s hamUed by the fd1:rtion eknHml. Ht.,w�v!i.•.t, to 
the iuput moJ'EI eífici�ut 1,1.J�d ttm inhU.'li\C-Uoo 
d.irect, the support element u.nJ the fl-iction 

int u.re often eombir�c.t l.nto or1t: ttu-1H1 climun-
1. in:tc+dao� .-l(tmen.t l2). In pipm¡ it iíi Qall@d by
�neral term. Non- L:intiar Restrairrt [ 3 J.
IThtt non-linear reatraint defin.efJ the reatraJni:
tion wh1ch is :perpondic1¡ls:r to t:tu;, aliding Sut':i11�.
L non-linear resü-�int lo be ªble to .\.ne.lude Hm 
on, it hu.a tQ buve the cupuhilit7 to perlo:r.m the 
:Qns l\S shown ín F'igure 2, ti..-id tl.il cltH'.ICribed in 
mowmg: 

(1). Cre�te. a. i"riction v-ttctor i:n the slidin.g iur-
Nor:mai� thia is dei'iood by two loe:n.l m1rtually 

·nd:icnll:u• vectors wh.ich a.r� p,.n.1l<:rndtcult1r to thf\
ll.int. dir+;ictiu:n. In l'\ � -direc tion 1·�HJil'uint, th�
,cm vocto:r is to be detornlined by thº X� tmd
:c;tQrlf.

(2). lf the poten:lial iriction i'ol"<Jo lit �uffü�itmt 
,>p the pipe from moving alon.g thf! r@straint 
e�, the pi� will be atoppfld, Thf:1- l'iHl\lltant 
,1n torc� CN'!at1'd il:i l(ula than th@ pot�rit1al frie· 
'or-oe, It is equal to the force requirocl to elas
'1 stop thc pipo from movfog. 

(3}. U the potcntü\l !riction force is oot lar� 
:ti to stop Lhc plpe !rom moviag 1Uong the t't.Hl!

: il.l.l'íac�. tb.e pipe w ill mQV(l. 'l'M l'.'HUfü! •• '1t 
on force created is the p,1-odu.ct <>f the normal 
!Únt force and the coefficient of friction. The 
on appHed to the1 pipe i.s dtrectly oprioitte to 
ipe mowment. 
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Tll.e lX)t�ntial frictlon fo1'ce is the prod1;1ct of tiw 
1;'(':�b.·.lint I\Ql''mtü fo1°ue ª.nd tl\i coeJ:!iuient oi' i'riction. 
In the cafoulation, a smdl d:isplacet'l.1ent is assumed 
to b� r-eqUil·ed to deYel-op tbe full potentia.l fr:i.l!tion, 
This di�plaoQm{\nt is taken as so i!'irn�ll thlilt lt.s e4is� 
tanco will not affe-ct trw resu.lt of the analy�is. 

TheoNHc3lzy both st;;ttc nnd slidüig frh�tlon 
coofflclents h,wQ to be �i6ed. How�vvc ev.;:n .if ltlii! 
translu:tional pipe rnotión is be:iug stoppud, the rvlu
t.iQ.ll !t\nd Je-rking of thc pipo mllkc i't dif:!.'ic1.d.t to ml.\.iu
ti.in 'th<i e·t�ti.::: coet'!icürnt. In p:notice onl,_y füe liiliding 
or dynaniic <:oefrtcient 1/il w,e<l. 

In addition to the friction handling capa.bility, a 
non-lin {:).r 1-e�truint can al.so hnndle gup, init.i.nl loml, 
ancl plasth':i1,y of thi;; resh·t'l-ln1, ele-rn�riL 

PlPL.'lG lVlOVEM.EN'l'S 

When. a. plp.ing uyDfom expand!i, it:ii mov+lm1u1t 
a.t a g'iv�n �upport is not liksly to be in a straig'ht 
Une. Therefore, the trictlan at the suppúrt ciOfls 
not maintain th11 s�.me di:rt'-'ction thro11ghout tt.u� w�wle 
e�:mnsion pn1ce.ss. 'l'be situatk>n is ev�n .1uori: JJJ:-0-
001,mQed in il aystf']m wh1c4 b ,rest.:rui11tit.l Lly lin�it 
stopi.1, Tbe pipe can stirrt Q�tt in one <Hl:'t:t:iitrn, then 
make a sha.r·p cha.nge a:fter reaching thfl :.h">p, In thía 
oa.se, thfl dh"'i"ICti<Hl of' th� t'rinti.on wcrnld ;) l!!o hll ,si tn 
bt'! adj11stAd constantly throu.ghout -tbe e;,;;fJansion pl'\.., .. 
�ese. This t:ype of an�lysis can be done w ith ,. 
9�l"iea nf analyses at, lne:rem ntnl steps. M Nti:-11 
stap the ex¡mnaion is incrt:t\&Gd by u Ct'!rl1ún mcn:
ff1trnt w.ith th1ci frfotiott ÍOt'"C' �l.fluceu a1 thc t:ml t.\l' 
1;:o.cll step. Tbe lt1n�c und mQr.icnt at c:ach st(,)µ ure 
rec.ordecl and enveloped to l•.osu.re that fü� most se
verf: J"·�eult i.1 obta.ln�d. 

Altbough jt �i;¡ pr�t' .. r.3bl� to p�rforrn tlw incre
mental a.naly:üs to f!n.Sut'@ that no extr@m� Joad ls 
o-verlook�d, the c:urrent prac:ticP. is to m. kP. n ont
st�p ana�i.s. The pi})e ot the 1H1ppot·t location rn 
;i,!U!l:tmf!d 1:0 mov-:, in á s.t.t&\iht 1i11 i!·ow lhe ini!iul 



,osition to the final o�ratlt'14t l,X)lllitto11. In this wa;y 
1too friotiori in applietl bo.i.tid on tho fim:i.1 uit.1¡11ª�� -
1men1. All tb.e intermedia.te displ.-.<itmien'ts are igxiored, 
1bt;1e.-uee th�ir ex:i:¡t�nce ui ten>pora.ry tn natur�, Uow• 
,e-ror, sound enginef11ring judgur.ttnt ¡i.qQ1J,ld be �mr� 
:cised to see if a more elaborn.t�d .u:i&lysis ü1 just.tt'fod. 

'OOMPUTER 11.\ilPJ ,RMRNT A 'T'lON 

The concept of the f.riction el�:uumt ll'l cl.eu. 
,b"t the computer prog-n1.m implementation can bt! 
ldiffereat from one l.'loftwar-e packa«e to llll.Other. Fo1• 
the sake of e¡cplaining the tmpl�m\'lntatio-n deta.il, .. 
:gen.:r&l di��uasion on the stl!Uc })robl@m _.oJ.ution 
1proced.u:rt1 is in ord&r:-. The s.t-'tic ¡i:l1�e atr�HUI prob-
1l@m is so�cl by fif"st assembling th� tictUUíbr-11\m 
1.iql10.tion (1). 

(KJ X " F (l) 

1Where, [KJ ., SUffness :matrix of th..a piping syatem 
X • The Wlknow11 uodal dl1:1p]11cemt1nt 

v�dor 
F - 'l'h� k."lown nod"-l load wet-01· 

ITh.e load vector :F' indudea wdgbt, thermal iu .. i:tiu.l 
'1cmd, pt>eSS\U-o, externu.l for·�i¡), &mi 3<.1 fortb.. 'l'b.a 
1unknown displa.cemen.t can bt aolved by the in�rai.on 
JOf II<J, or mMt like.ly by tñei deeonip0�fUon <>f (Kl 
tlll:J Jn F,q1,1atlon c:n.

(KJ [LJ [DJ [L)T 
(2) 

iWbere, {D) .. A clJ.&g'Onal :010,triX 

[l.,] t11:nd (L]T a.re unft t:rim.igultU� 11;0.t:rl�s 
boing oach thc 'tr"1i.0poüt1 oJ lho othur, 

o:r:•

ILJT X • Y 

[LJ ID] Y -= F 
(3) 

(4) 

1Whe� ·y il3 1111 intermedia.te solution -t:-ectoi· whioli is 
·�tng usad ns n bridge ol the enlntfon. A for-wal"d
1aubetitl1Uon ts perlormed on !':l'J.Uf.UQP (4) f:Q IJ!Qlv« Y,
'This Y is then nsed In Eqmition (3) to eolve ti-w
:dittpÜ\ce-ment X by bt\t:k !luQl!!t:\tu:tic;,n, Tti� d�t,'lOm¡x>&i=
1.ion step in Equat.ion (2) taltes a lvt tr.tJ:rt coro:pute1·
1timc -Hum. the aubl$tltutio.n Qi;cpu in l!Jqll*Uono (�} tt.nd 
1 (4). Ttus m9.h'"1:Hf the avoi<.13ncc of tho dMornpoaition 
1��p highl,y deairable. 

Th� eo.mputer progran'l impl111m�ntatío;n ot t.h� 
1 support fric.Hon cnn oo oo.oogorirt.ocl into th.x-co ¡,-o,1p& 
tbeing diseusis�.-d in thl!! following. '.l'h�y l!lll 1\SQ th� 
, intctntivo Rpproach. but ..-ach ,w��lp \u,\li :.ii.� e.tr-0ng 
,and weak points. So:rne emphasize th.e saving ot the 
computer Umt11, while otheri:ll a.:r·� mo:·• c01rn�1·ne<l 

11.bout ttMa comrergen�e �d sttlbi.Uty. In füe long run, 
1the idea originally intended to saV\l <mmput!'lr tiroe 
might enct � usiug mt>l'I¼ compuh,r ti.mtt due tu 
une.�.pected s.lowness in conver(tQnc1,�. A sehl'•m@ hns 
""�Y littk p.r�,ct:i.cd valu1;1 lf it d1.ltl"i m;it w.i,'-<1.1.re-�. ur 

if it is not stable. Tht1 follow1t1g "1J.'e the detu.iletl 
1Uscuosion on tho chn1.ctt.11'i11tics oI ell.ch iJchtu::ne. 

(l), Dü�ot SubsHtt.1üol:'I of l1'riction Fo:rce 

The rnost simrile mftthod i.-; ihf'l dirP.ot subs.ti -
t.ution of' the fo¡·ctHi ,u.¡.¡�ci1Hf from t he fr:\t:Ul.ln. Th�
ani\lysis sb.1'ts out w itb no frictio11 to find t\Ut the
pQtt-.nhª'l f.llQvermm1 of füe pip:t:ng. The frkli.on !'o,;·otus
corrospondlng to theac mt;>vcment� a:i·e thcn iucluded
in tite load vector, F. fo1• u. .new ami.J.y:üs. 'l'ht1 pro
eedlU'e continuoB it<'tr:itlvel,y until tbe r.einvergence is
r<uiohed when no aigr.ll'ioant changa occu:rs bstwaen 
two coneeouUve �nalySftfi\, 

-

Tb.il:I m�tbod h! 11tratgbt f.orwnr<L rt :r-cqufrc-s 
no a.dditional d�eompositiem of thc atifü�iii6 mHtri� 
at \'!�Ch. an�lys:ls. Tli1..�t'"'foJ.'�. Ji: app,,o.ru to l1av1: Uie 
potential of saving so11ie computer timo. Ttle methQd 
wnrks flnt1>. l.n so:mu ;i:·i\Hun· rlgid ¡jy1Jto.ms whu·.., llui 
!'.i.-i.otion du�lil uut 1,1..fü:ct tbi;: cUnH;tion of th� mov®rnftnt, 
b1.lt worka very poorly fo%· most p1"actical piping sys• 
remtJ '11hl�n a.lwa.,ys Lu:3.v� con�ld�.rab.le fle�lbility to 
absorb lh�rmal �xpa.nsion. 1'his ,ie1h,�m .. rl,'l�R not 
hn.ve th� éa.pability to :ttop tho pi� whi:n thc �t�1p• 
pina for.:e requi:red is leas than the polentiu.l frktion 
fo1·ctt. In.�tflo.d :it keepe, l.\pply:Lng the 1:1a..mc fuü frie� 
tion fQr,c(!! to Uw: S)•llltem 1·1::sulUn¡ in. a �c:k ancl 
ío.:rth o8c:illatory b1.tt no oru.Hng itti:ratioU,i;I,

'l'ttll'I mi:::thocl a!ao qu,icidy bacorn.;s dlverg�nt 
whtm lilpplhld to th� sy1,1tem wb.iuh hn.s ceml!lidei·t'lh.l.o 
movemcrnts in tha nedbl@ d.irc-.ction. lt1 this flexibk 
direc:tion, if the í:riction fol'GI.\I Im �p¡.llicd agrdnet the 
movemant, a very largo d:isplacemtml w ül be cre1.,t1;1d 
opposH:e1 to tbu o.riglmü movem�nt. 'l'il� 1:1it1.1�tlou 
reve:rees du..rwg thu miitt itvni;t!.on with ttie cti�p.l�uu -
mtltnts 1•1u1..domly getting bi.2ger and big�r in aa<.:h 
1:1v.b11.�4i.L1:ut .ileration. 

In this rnt.::luod, t.mell frictiomü rt:sLnü11l ü, 1,,1,�� 

ai(ll�d two ffiet.i.Uo�s o.r füogorml J't't ill (l'rilnt!i lw.yinit ot1 
i.ht.! plttr\e per¡x:ndict;tlll.I' to tho n1;t.in �uppor-tin.g n:13-
tr-ain."t l\S shown in FiguN 3, Th� spring rattt of
t.bec;e two re:ilkü."inte jj.t•e taktín lo b� th� -!l.;lrn� aa
the :iuit:iJl.l slope ai'nn in Fi,Rure 2.

r--t-�-,... 
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Ma:ln SupJ.m'r't 
Ftestraiul 

Factitiou1:1 
nelltr.'.\ Li1t« 

When ti\, p:ip� movr-:a Along thc, irnppurt plnnt·, 
tVqÁi>lu,o<:,t, for�\!1:> w iU b..: ljt:mw.!tt'ld on the�� two 



:titious re st.raints. These forces a.r� the simuli:ttion 
tbe frie.tion e-rt'aot. Whtrn the r,H!\lltnnt ftlf'O@ from 
1 1se two restraints ie lesa thru:1 tb.e pgt@ntiill fl'ir,;tim� 
·ce, tbe pipe ia beiri.g stupped by the frieUau. ·roo
:oee geo.erated u-e 'the actual friction !orc:es acli.Ll¡
the correspt>nding direct.ions. lf th� t'(tSUltant foNe
ceeda the potential friction fo1·t::� , ttmo '\ho pi¡10 i1:1
1ving, In thui case, since th� friction fol'Ctt gener
id is greater than the po�nt.tal fl'iction fo�e. an
1u1t:r:nt\nt needs to be roa.do . The method applia a �
11e:rse external fu:t'C� back ·to the syat<,1n to cotmt@r
anee the exceeaive resi5111u1t:e for� f6Ut>t'�ted. Tb.t
,e. is to mlike tbe coi:nb.j.ned effq�·t, frtJm Uu;i 1·� 1ülil"'
,ice of tt\e Nstrainte and tbe roverse externul !orce.
w.va.lent to th� frktion expecte<J. The itt'!ríLUo.n con
llftl:1 .mtU tbe combined �..ffeot. at @&oh natr&.int 
,tcbl!!S tbe friction expe<;ted ,

Each iteration in this Uxed stiffneas m1!1thod 
1\ge S oo1y the load vectol', F. Nu rQ<fooompositio:n 
ibe stiffli.ees mutrix is requix·ed .  Y�t it haa two 
'.titious atiff springs w W.ch SlitJ�v1:1 to í.JtablUz� 
, lil�tf:m and to read.ily stop tb.o pipe from moving 
111-i 1.1. 18 c.&Ued fut· , Thh1 mcthod hrut ih(:: �ü'ianta.g� 
the first method in pr.,servin« thtt decore:pos«id 

lffness matriz:, b11t has less t�nd@n�y in g€ltti� into 
doroain ot' divergeuce . Jt is q_u.� populM" fn th@ 

tite eleimmt annlysis [4). Howe�,·. ttw n�thod do�s 
,,e som.., undesit•able bcbavioriB. i\¡áin tlwse 1n1d�
iable beb.aviol.'S are mo:n.1 pi•onow\ctd in tl.oxibl� 
rlems. First, since the two fa.ctitiou11, :N>stnünts 
1 fairly stifi' in most cu1es, it ean -tu.k@ & l&rg@ 

, ,nbu o.f itt':rations t.o ha'°"� thl!I p� mOV'@.cl to tb@ 
al de stin�t.ion. Th" most dil!iturbing part, hoWever, 
1WhQn too t-novement. r�versP.ti a.t A- o@rtnin potnt in 

l'l.eA't itl'.'lrntion, thé 1•0'1rel"t'h? e>-xtur-n.i1l fo-reo der1wd 
,m the previous itarat�o.n w 1ll t�ud to 1� 1ntorce tbe 
versal. l'his can often leo..d to an. itu5ta.blo a11e.lysis . 

Variable St.iffne ea Metho<l 

'l'he first two methods discussed &re all ba.aed 
1 tnei idea. n,f preservmg th-e ll'lOlt comp11tar tim@ 
i:nsive m;,.rtix decomposition pro�sa, Eow•ver, in 
tng str(!!ss &ualys:Is, th& u.s� of limit ato1,."8, síngle-

, ,iu¡ t�l$U'Wlts, twd oth.�t· n4..,u�liu�u· teut��s hRv e 
1!0:mo common place . To a.ccount for these .mm.linear 

• ture s, the re"V'ision and 1�<.ior=onip°"'ition o:f the
1 rtneas matrix. h3s become .i. nec. *iaity th!'ough oü.ch

iteratlo.n. Ba.sed on this prem.ise the SR\1n� ot' the 
cklcompQ:..ed stiffness matrbc ha.IS become le as irnp\'H'' · 
tant QÍ a factor in pipe 5t;ress füla lyaia. 

Like tht: fi.xed �tiffnt as me thod, the variable 
stiffrw:iis m&th-0d al.so assigiw two faotitiou.s r6 stnün·ta 
a.t ea.ch rutr�iut location to aimulate the friction. 
Only the stifinel:}is or th@> :.1pring ratfi of Ule 1:11'i faeti� 
t:ío.u.s :restra.ints a.re rot ftsed. l)ep(?.nd tng on tha deva
lopers� S-om@ scheml'IS sta:rt out with sonrn st: l!:t'11e sa 1 

wlüle others start o,it with z0ro resistan<:� . The 
stifíooE\s o! tl�se factitiuua r�str.;¡.ints at �ach it�i'ti. 
tion is eatin,uted :from the pr-ev!ou6 itenlllon. Thc 
atif:!uusa matr:b< is U,1.en revia��t for tooMe updatcd 
spring rute1:1 a.nd for the activity cbanges ot other 
rw.n-lir1e;u,• restraints. It U! th(tll redtH;ompo�ed for 
too n.ftW iteration. .A more det&iled d1scuss io-n on t hia 
method can be found in Referenc!'t [8  ]. 

The varia.ble stíttness m�thod normally 
convi:tr-�s to tb.e rlllqllil'.'fld a.cc uncy much quicker 
Uum tllu othtn' two methmll'J il:i.aou&5ed. Th.ü, :mal.te s  
tht,1 total �omputiug Qffurt required by ttus mettmu 
not mt.\�h ciüfe�nt from those of the oth.er wethwJti,  
altl.011gb thtt uiP.tx·ix decomposttioo is perfo1·m1ií.l at 
eve 1'y itera.tion. The convérgenot\ in. thi::1 m�tbod ca,n 
also gttt quii:e slow U' th@iri!I a:rf: multiple locaHons 
w here the pjpe is be ing stopp19 d by tha frl.ction in tho 
syst!\\m ,  'l'h.e solution, h�"">W1¡1vrg1\ ta 1,1.lwayi. stahle , 

EXAMFLE 

All the aboft thl'fl@ methoda ha.ve lx!t1 n in ust:1 
by dffi'erent pipe str�::l$ compu.t�i' progi'arn$. No 
matter which method is adopted, thero are ret'i.ne 
Jl'Hmta tbat Med to bfl rnAd@ ÍJl the p1·ogranuuing.  
·l'hese inelud.e the rnethode of Ü'lCl'�asin¡ -lhc t:vJivu.r
gence 1·ate and tbe sellemo s for avoiding an mautbit, 
190lution. These refimmients lll't\ proprleta:r-y to the 
progrum develo�:r and U'(; not obvious to the Uli&rtf.
Th�u· dfec'tiver.ci:,i:, can only be m.,aauntl by th.e 1r
actual pe1'10:rrnance . 'fhe emi.mple eyatitm sho\ll n in
Figure 4 with ,he pa.l't:ial 1�SL1lts tahu lat6 d in Tablo 2
can se:rv� t\8 a bm,chmark. Thi5 is a Iluxiblt1 of!
site =sy-etem with considerable movemt.mt in tho fl x
ible direction of th� syst«m. It .is a typiC:tll syst"'.m
woo&i1 solutivn l�i\n tHU�ily btiO\)UlO im.it'1.bl.,- whon Lt�lu¡::
60nte of the le ss 30pb.isticated iteration ec:hemes.

Table 8 cQmpe_rea ·the 1ui.aly11iu re f:illll$ o th� 
cMti w:.i.th !:rktkn al{..1;1in1tt ttle ct.litt w jtho1.1t ! ü:ti<m. 

Figure 4, l!ixample Ott-s. ite Piping Sysü:m 
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NH FO-atES 766&, ·€3�m ·9'u�s

t 3, Co.mparison ot the F.xarnple ..!_naly!;is 
_, 

Anchor Load at 5 Bend Moment 
nt 100A 

Fx (N) ! 'My (N-m} lVcy (N•m) 

,i.or. .222('00 10()()1 326460 

�"t 16740 l2S942 124.46.2 >ion 

�K�NCES (cont.)
. Bnilding Code Requi:renH�nt& for Mínimum Oesie 
s, ASNI A58. 1, Americnn Nat. Std, Inst. , N. Y.. C. 
- A:Pl Standard 617, Centrífu¡al .S:wt1presso1·tii tor
i't\l Rafine�Scrvic!!!_, Ameri<:H\f\ P0t>.'Ol��\X.n In�t.
Lington, D. C. 
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It is obviotts tbnt Witholtt ttlo friction the uxrnl anchc..\r 
to.d would �Ye becn vei·y ernall. On thc uthi.-.l' llu:ull, 
th.e i'l•iction tenda to prevent th@ pi.pe from rnoving 
into thti flexible wteral dü'l.9otion. This, in ..:1HH:mce, 
serve� &s the g1.1ide pi·ev�nt.ing the a.nchor f'r-om 
getting tbe moment t':rea.�d by the lateral rnovt?ment 
of the pipo. Because of tb.e :re.strictlon. on th1:1 l.atL:ral 
movt.1u·1�nt. thc system beco1nea :n,ore stilf 'J'hUij 
re1:1ultin& in b.igher bendiiig uwment al th.e benr.J.. 

In 01"1or to Comply wlth the J?iping Code cqq� 
i�me.nts. th� analysis has to st'lp�:ra.te t.he sustlilinod 
stress h-om the self-limi:ting stress. The h-.i.c·ti.on in 
u p.iping syste,n; la gener-elly cuua.:d hy thtl Wtiight
bein, pusb.ed by ,hermal eXPIUlfik�. Wc¡ght i.e eust�
íned loadin¡ but ther-md expaneio.n is sclf-lmüti.r�.
'fhe tL'iction 011 thc o1httI' h&nd ie piu1tjiv- which by
itself d�lli not b.av� the dtUDa.ging potentiuJ. li'or the
convenience of the analysis, the friction can be



• •.reated as &elf-Hmiting same u in the � se of 
; -ther,,u1.l �xpansion. To Rt'\ti� tne Cede requfr'l'm�nt 
of sepu.rating the stresses, separate loud eo.aes foi• 
,wQight, thorma.l aoo oce{ll.sicmal. loa�!f have 10 be 
:perfor:med. But witbout tbo weight fü'} thernil\l �xp

,iana:ion w ill hardJ,y ha.,-e an:y ffietion resilJttui.ce . Thf.lt 
· is. if the sti:-ught w1üght or ��rudon i& <lI}P.ti�d to 
' tbe corre apond:ing load c11s�s, ttm :fr:iotion fg:rce VdU
cumpl�tei, d:tsappunr fro.m the µ.tchu·lll!. Thtu-efut�, 

,�ptH1i..�1 iu•rat\gewent$ hnvo to oo .rn�de &a th� fI'ict.Jon
. :effect can be accounted for p:i:·opt:rl:y. 

One metb.od to :wclude tbo r:ricUon yot sHU � 
1able to ��parate the !jUBtain�'fJ stnalil r1·om th\l w U-
_ limiting atress is to apply lh(l wei.ght loe.ding ®do:r
the normal or,Ri-atine condition A!!l th" iniUd auppo:r-t 
lo�cl. With 1his. method, th� Wi! ight lMd 1.mdtn' th@ 
no:rmal operattng conditmn is f.iNst (Wt(n•mi1'�d a.t \')aeh 

, ;support. This load is than used ns the suppol't initial 
: ·1011\d for the w:ui.lyisiis of ihe tho:rmu.l ,ui.d ci�.c1".siimnl 
.�oad cW3(:s. Ttui.t ia. if the no.i:·mlt.l oper�hn¡ weiJht 
.loa.d is 3000 N. and the thermal expanslon load .w 
: ilOOO N, tben the auppol"'t fl"iction is included baaed on 
· tne suppOl't n�ma.l force of ::!000 N, � s:inglt;1 - a.cti.'llt
:ni�t.r111i.rrt. aoti-vity �tn;tna \\'iU aliso b� c�okl!ld ba�t>;d on 
: tbe prem ise t.h.at the sup_port .tnitial force la th�n. 

Th.e no,i·mal operating we1ght load ifi¡ ti� ha lan •  
. :tlttd w�ighi loRd �1nd<,:r th\it oi;mrGih,¡ ronditirm.. lt ü, 
the v.·eigh.t load ealc u.latt-d by removing the h1.acfr.-e 
·restru.mte at wllcre the pipe ia pu�t\Qd o:f.f th@ e.iuppo-rt
:b:,y the thermal ex;pana.J.on. 

, OCCASIONAL LOAI) ANAL YSlS 

. 't'h� oceuiona.l lol!l.d. by pipin!I c<Xie erlt@ri�. i� 
, to be combined with the, .;ust�d load. tn th('IO-l":Y lt 
can be dir�ctly ndded to the Wd�ht lcm.d fur thti a.rn:\
.1:y'-!i�. Ho�-:-vor, � MUill' tl� s.ustll:iood ltJ+\d hu Un 
. :ovm sepa:t·ate requirements and the oo.casional load is 
: :u.lways oons.idered 1,1,s di1al dif'ecUoual, the- WQight lA.OO 
. t>eca�ionul loe.de ai·e nonmil.cy �.um�1;¡d w:i;th ���J'lil.\4J 
: load cases in praotice ,  

Tr.. the oc:caatom\l load (}.mtly&is, Uie initial wot� 
\l'.tht load may �lso � incl\l<led in tht\ ®.lcule:tion o:f 
tbe Íl".ict:ion et'tect. Althtlugh iilt)me ri,a.y argut11 i.bat 

. tbe Vleight initial lo�d is alrl"lady in�liJ.d�d iu tb�rm�l 
, NLpLl.nsion 1u\0lyais and should nut b@ inc.luded a.gain 
; m thc ooou.aionai loc.d nnu:cyiúri . Bi.-at th;: ft-ioUou d\lc 
: to weight is still tbere to Naif,t the occ1u1101u.\l loact 
, motion -.· riether th" pipe ha¡¡ gone througll tl'-1(! (lxp&'l
(�ion proce..s$ or not. Neverthel•s.a, Jlitlce the fr:i\.•tio-11 
"hmd s tci hclp the syat"m in rei.i'\$tltlg the ooo.41si0M l 
1 , load. its incluSion to th� ocoaatonal load a.nalysis 
¡ ,�quires somt:l juat.ific.:,,tion. Th� p:r�eHe� va:ri�s dne 
¡ lo the d:tfforent heljef!t:I ln tlu� �V\\:Í�llbiUiy o.-f -th.l;'! imti�l 
¡ ,we:i¡ht load duriug the occfl.ai<miü lo!:!.d c;:ondiüon, 

Tbe �tn•thquuke ami w ind lond i.m�lyac i'l !\l'Q rn:1rm -
1 -al.ly done -w ith. the equivl.\lent $t&tk: meth.Ul.l ¡fiv�n by 
< ·ANSI A5S. l. (6].  In this mtttboe\ thf.l pipiug 1:. appllod
With the b.o:rizo;otal load &.ppt"O!)l':il\t� fo:r- fü� ).Q-cit.ttvn 

, of the piping. The vttrtical loi.d is not addre�e<J in 
tacjt recognition. of the a.dftqua<:y of the ntll'mal sup• 

¡ port structlu·e in n,�ü;ting th.� Jt;m(l , Tha v@rtical 
kmd mt\y or uiay not be o,d.,,quatt·�· $\lf}l10l'hid by ih,:: 

, 1.10rmal �l1pport siructure, bi.rt tt ctoeo h,we a aign1-

:f1ea.1"lt eff'cct on the ínitfa.l we ight load. Dm:-ing the 
1:1�rthqrmkit, beeausc of th@ upWi\l."d. acc�l�ra.tü:m 
c�ting at a c:ertaiu inatant, the pipe n:ny be lifted 
up fully or partUtlly Ü'{Hll the su,ppo:rt kaving ve-t':Y 
litUe weight load o:n tlw euppo:i·t . 'fh4;r�fon: , \ lw 
inclu::uon oi the initl.ai load ü• estJ.matiug lhc frlcti.on 
Will bt nonoQnS-tll'V{ltiVt}. The ümG , ir1 tl lt:"liOI' 
deG'l'et\l, is alsQ tru" d1iri� the hurricane <:.'ondition. 
B�stm on the -tbow eems1d�ra.Uon, som.i companie & 
,·�<ptl.1·e that t.ti� initi�l Wt,1j¡ht l�ct , lf not the tric 
tion, oannot be inclltded in @arthquake ancl w ind load 
li/.mi.lysa r..  Otbex•s lluv11 l\llowc,id thu init ial ,� t'iJht \otld 
in th� wmd lo1.-1d ctwe, uut nol .iu tht: earthqm\ll.c lomtl 
case , In any oaire tb.e m�gni:tudi:: of th� occu s.i.01t1ü 
l,tHtdB ;,..nd tti�ir m€lfücd of �nal.ysis shdl � •..:loa.:rl�· 
de:fiood in th.� Duign Specification . 

CONCI.USION 

The suppQrt kktion 1111 hl>lvc t\ aignifie.ant 
e!'t'ect ou th� pipe load at too t.�oxmc ctmg r;¡qu.!.puient . 
H oan also inoreaae Ule thermul expam,.1.on ist1·ost,1 by 
several folds m sorne case s ,  Ttiere 2re difft11�.rnl 
m"thod1:t wbich can bft \l:ted to implement a coniputer 
progra.1:11 in handling thf;l s r1pport fr i�tion . Som6 a.rf! 
mora �fi"e-eth•a in c�rtain caaea, a.nd am11e t'l')<\Y not 
gi� a atabfo �slllt tmder C(a)rt.\fo c:ondihons . Owtnt:1· 
to tM inherénl fiedbility in a p:!ping syst!'lm, th� 
lil:imple dü•oct au_b&Ututir,m of thi:· i'1·tct .iou fo1·oe acheu1e 
does no"t wo1·k well in the lilnulyail'J of pipuig sylil l�m e. .  

In order to comply with tb.e ASME B&.PV and 
ANSl fün 1"1-iptng Cod� req1ür;-ulh.mts of sept\t·�ti.ng 
tlle sustain�d stress from the self-limitmg s'tre1:,,s,  
��par•te load can,¡j a'l"e �z·furm@d t'or- weight. the!:t'� 
mal �xp.1,nalon, and oc-co.s.ional laa.d5!, The weigbt 
Sllppo:rl load J� inclu.ded in the tht:.'lrmal fDi.panl:lion 
itn�lyt'Iie 'for �ttlcul�tmtt the frict.h,n ,,ffr,ot , !Towtwe i· ,  
the weight supp0rt load muy o r  u.iay not be inclnd,)d 
in tt-e oeeasio.oal lo�,d ami.lysla deptJncling on thc: 
:m<iivilli.ml cl1;;�.i.!l,n "'l·u: cil'ic,1.Uon. While it is !l:l¡!Hl;l 1 ·ully 
more oon:sorvative in inoluding the friction in thc t·wal 
f:XN1nsion 1nml.,ysla, a se¡:;¡t.1.rti.lt �xp ns i.on u1.11.lvsi� 
w ithout incll.ldin{t the fi-ict.:ion is �lao r"'commandtid 
to check 1.hn loading c;Q.m!Hiou iil'te r the eyi,item htt� 
� tm·ougu. ª ku.g pedQd Qf o��·"Uon "" ith th,, 
fricHon effect ShBl«m off. Th > tnc: lm,1hm <>f t lw in.i Uul 
w�igb.t iu thc occ&,1.;.."tiQIW.l loutl tumly,Jio l'C quü-cu :.iome 
se1·ious c.onsi<.1tn·a.t1on. Tho Ln.itml w�J.glll i;noultt not 
be ím::luded if the pipe i.l,¡ li!rely to be lifted off ttie 
support 1üther fully or partlá.1ly during tha 9�c lH'�nco 
(}f th@ , �Vfll\t.

R.F.F.IU�NCES 
l . Pet\l:t, L. r: . , ' 'Stre ss Aru;,lyals M�tho:3 for Und,n· 

ground Fipe Lines, ' 1 Pip<1 LinOJ Tndu::itt·y, Apr &. -:vlay, t nn 
2 • . Al\'b'YS lJSiU' 1S M�n,ial, STfli'5 2, Swu.nson Ar. ly

sis Systeiñ'a, fao, , J:róuston, Pe nnsylva11ia, 
�. SIMFJ .. F:X-II, Pen.g E,winoe rtng, ttoulitt.m, Te i,:,1, s .  

...,,,,,.......,,..._________ 1 1  4. She1.b, V .  N .  1:m<.i Oilmon, , C.  ,e, , Uynami , ,\m,lyf.lü, 
o:f o. St.ructure with Coulo.aJb Fl'aOtlon, ".I\.SME papc r 
82=PVP- 1 8, July 1982. 

5 ,  Suble s�cz;u:iski, J • •  11 Tnc lm:1ioo of 811pport Fr i<.:'.:mn 
lnt.Q a C01::nptltt1ri21ed flOlutie>n of a. fü:.> lf-�om . nl'lol.t i111; 
Pip@Llne, 11  ASME PªPtH' 71 •WA / 'PVP - 1 ,  ,·ov, l �7 1 . 
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�S �CION.t.l.,. AilNtAMltJifíO Cat>I IÁ't'O� �- U.LANaO 

� :mMY()l N.O O Sl-tVCí"/VOS \Jl.tu SONIDO f.'MllCUI.Mi 

�Mf'l1tM IUib\OGl,\,tlA l'tO�Y Olltctt'M ltCNICI¼ 

MttlCOU0.5JQN "tll!tf!S PE-1'1S«AN?O �SIS W �!1�$1:CO" 

00!.lli!lOOU. it<i f� llf� .-!!O 1�.$1.TU �l'>.Cl0.N6 

t!,._o..CIONE$ C,.J'JJ;Crí�,CION .,. 'o'E�A i>!; tOlJLf\O'.!ó 

Att.: 

Lima, 19 de Mayo del 2006 
AD/CI - 051 - 06 

Opto. de Mantenimiento Predictivo 

REF.: COTIZACIÓN POR EQUIPOS END PARA PARTICULAS MAGNETICAS (MT) Y 
ULTRASONIDO (UT). 

Estimado Ingeniero Alca: 

Por medio de la presente, sírvanse encontrar nuestra propuesta económica por los equipos que a 
continuación se describe. 

ITEM DESCRIPCION COSTO 

SISTEMA PORTATIL 

01 
YUGO MAGNETICO MAGNAFLUX Y8 BA TIERY POWERED 

us $1720.00 

YOKE 

LAMPARA DE LUZ NEGRA MAGNAFLUX ZBI00F 

02 
(produce mejor longitud de onda de luz ultravioleta) 

us $1060.00 

Hand Held, 100 Watt, 230V/60Hz/ 1 WITH A CART 

03 
01-1716-72 #1 Gray MAGNAFLUX NON-FLUORESCENT DRY

us $ 345.00 
POWDER 12 - 1 lb. Containers

04 
01-1780-72 #8A Red MAGNAFLUX NON-FLUORESCENT DRY

us $ 346.00 
POWDER 12 - 1 lb. Containers

01-1725-38 14A Aqua-Glo Wet Method Fluorescent Fluorescent
05 Magnetic Particle lnspection Materials (Premix of 14A MPI Powder us $ 280.00 

+ Water Based Medium) Case of 12 Aerosol Cans &265 gr



<',NMIS15 V!9A.CICJQ1., ALJNi!AMlfló(t:o CON ·ltit.'ID1. �- U.� 
t!IHAMté:0 �vea H.0 om:�ot \Jl,tv. S()NtOO f!,i,llt){:Ul.ll!!

M,tt;NffJW ��...,'!A l'lm..-w..r �CI� TK!lllv\5o 
i11N!IC000.5JON "tl>l:tts Pa.llTMNltl ANiillSIJ � (Q.lil,i.U$T'CN 

SQtIW'>Uli EH fl!O llfefifl<::-AttO IN-$.Tt.1 ltEl'At,4,..CJONES 
�CA00Nf$ CA�CJw;ION Y \'E�TA tlE �Ulk)1i 

CONDICIONES GENERALES 

};>- Emitir Orden de Compra a favor de ADEMINSAC.

· Dirección: Calle Cerro Azul Nº 479 Urb. San Ignacio de Monterrrico - Santiago de Surco. Lima.

Telf.: ++511-2750082 ó 2751588 / Fax 2751589 Cel. ++511-97518809

Persona Contacto: Iván Díaz \ Field Service Manager

};>- La forma de pago será Factura a los 30 días de la entrega de los Equipos. 

};>- Tiempo de Entrega: Antes del 15 de Junio, Con orden de compra dentro de las 12 horas de recibida 
la presente. 

};>- Condiciones de entrega: Entregas parciales en Almacenes BHP Tintaya Lima. 

� Los Precios no Incluyen el 19% del I.G.V. y han sido calculados como "Precio Paquete". 

};>- La Garantía contra defectos de Fabricación será de 1 Año. 

En esperas de sus gratas ordenes, quedarnos de Usted. 

Atentamente, 

Ing. Alberto Reyna O. 
Senior Vibration Analyst 

NDT-Level III- VA-TA 
ASNT Level ID -UT, PT, MT 

CWI - AWS Nº 121052 
CIP Nº 34856 

Gerente 

William Iván Díaz D. 
Field Service Manager 

NDT - Level II - PT, MT, UT, VA 
ASNT & ASME member 
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\ 1 A�!.e�'l'l�---UIW. t..t( 

�tlii li'iilll:ACIONAJ.,- �ro CON U.YO&�• liAu.i-cto 
DlmM.it:0 iM.AtOS NO OUTt\lCT.NOS l;ll11A SóNt.00 Mlll!eUIJi\.S 

M.1.GNITK:M IOOIÍOC.IA.tiA l'IOlrmAY i>m� �(;Nl'C>� 
»rneOUO� mITT5 P91ill!AN1ts .AWl.l.!Sll tr. (0."'18.\l$!'<Y�� 

$QI.Jl,li!J-U.ll\ iN l'lK> llf�ie.-!10 ft+J¡¡;TU REMR,I..ClONS 
�O.OONB O.l'ACJT�N T VE!((A :01: l:QU1'-0'!ó 

YUGOS PORTATILES ACCIONADOS POR BATERIA 

ltw: 

QiifMt Dráw:
Qi#Wlr Draw. 

D� 

�V\.�t: 
Lf//9� 
CW: 

'l'8 Batiery�� ONLY' tPatt 
t«/0145) 
"Muat� � �ropriá ',--o/tage �� 
�� 
11&1, Ch� (Fw, H!/()7.,¡� 

.:lS(:}\;�(A,t�07(.l.9) 

4 MIPS� ti� DC � �) 
� lmlpdl @ 1� óJ' �Ov (Cila,ger Only) 

No 
11¼ lb. 

o• - f,2M (O-JO t:J») � � 

l ti tt, Cáft«I 

EIATTERYSPE.CIRCADONS 
����IJ:i-M'lphóur 
��5"/b. 
� llótmill dt,Ty cY*, batié!y Juis 8 ,"lo-uf$ b6'\i-� cf'látge,S. 

PORTABLE BATTERY POWERED 
MINI CONTOUR PROB�

)

Tho B-3 IO BDC M,ru Con\QUI Pf\.ma rrnm Pa11<,e,r R .- arc..h 
,s a vety {>[lrlable. ball'efy-opehlted 1hs1rutnenl for Ma,;tneUc 
Pürttcl<J ln-,;pac.tmn, Oll-O r-s. "'SJl<>t:Jotly con�9tli:•mt whe,e 
oowe, ,s l1ni1ted or \Vtl-ere opesetot safet_y ts. 11. t:onc.em 
Th@ 8-:Hó BDC Mog�ti-C ln�t@C.tl<'.'.IO Yok@ lS (l@S!gnttl to 
r><•rlon,, M,•an<>l1r. Pan,._--i.,. ,n'-(l,••,r:11<><'1<> <luH·kI:, ,.nd r..ttAbl:,,. 
pro.ducmg h,gl\ly <h}fn'l-e<l daetect 1octicat1ons ih(> umt '1.vill 
cOITiply ,'Vl1h lhe 4.0 to SO pou1xt ,ve,ghl-hR test 
The ext:lusive streifl.-lelief f.e.:1lure aJlo llS � powe, cord to 
-enter from the re,u o, loP o.! � umt p,¡trm bng w-�al.& 
ac�ss lo conhn&d Wof'k at·eos Tne ove,aá length 61 the untt 
,s. onty 1.;i1;,-
As , lh all Pofil:er Conlour Prooes. t� ne'\., 6-310 BOC hos 

�Y 0d"1ust111bre •eas p-e,fTTlttt•n U>e DC r, d l'o to(' ,J-pp-1,,:,<1 tv 
!.he preose affiEI of tnspe,ctl 1 
Ths ctJgged booy assembl. Is tflJedlon tnol<:ied of ine sume 
durable tl1a!eri usad rn h� dut_ oower lools ti 1s sha¡,ed 
to ht too l:lfl-d comtor. bty to roooce op rotor loo ,., 
Trl'3 l'TI-O<Ml 6�1-i 1) eoc moy oe orct,;,rn,:¡ w,th o eo4�11•)na)rit 
12V, !oart>..pad.ood balt"'-ry pa.ck th o.lt lr:)op,;, Jud ·:;.hovltJer 

strap 6atten- re aveilable, �ither 7 :> r Id itmp hour 
size &nd lhe r,ack ,ncludes � ballery cllarge, 11 b>,Uene0 

• 

. r<? gool for t 50 lo 1500 OKJ'l.aroes .:,e-pend, on In<> 
m-o,m, yoo d1�..haffJ>.? !he t>a:1.ery nd sto-t� com11hóft,, 

The 8--310 f3t)C CONí-"?S wtl:h a IO lool CO{d "•1d cah bO' 
plugg,,,d lfllQ anv 12v 3\Jtomotrve e:g.or"'tte uqt,i<,r .... ck.1:,I 



;,,�r; �ON.1.1.,. AUNWl.1!111000 Cól-4 U!ros �• uu.i-.ao 
C!N>Métl l!�WS NO �OS. l,ttv. SONlt'IO fl>JltleUi>� 

J,M(¡NfflCMi AAbiOtL\.� l'IO�Y Ml:t:ro! 1ttNlt:M 
AllllflCOIU!0:5JON 1'1N.Tn 1'91il'tANTO it�'WSl1 Df (:QJ,\!!tJ$'t..O), 

OOtDJlDUV. iW tb'O 1tt:tt1CA[1() lt+�ilr �.tii./..'10NES 
�CA.OONE$ �C!TACION Y VE\tlA tlt l:QIJlfOS 

LAMPARAS DE LUZ NEGRA 

BLACK LIGHTS 

o...�·· d,::al1 tKM-• th:il:� t-. tl!.,oot hn �-
tibd. , , - 1:h211:. � .... i¡,,ál<,pnkl-3 bl k:=lfii ::;1 tt. 
..... .,,,. i,..,,,� 
Thi,,d.� Ei1·fu �idu• &<:i�a.- damt-.ly 
w.la,d nk� 1an� l1t �l1-ft11, ·h lilll«:1121..d 
213·1 rxf! ITTK>ho;ITll1f1¡; c;�Jnd-w, �·2f-Og]I � 
i.:mg. t bJ � h. 

a-bb:• �b .- llflln 1-udffkl .�.1t10 ••::Ha311
�un, U.. 'F1tátta,-,::rw:1 .. &.ll11T4Dtat ...... 11�. 
l}., t�� nn-i•Q llrrfir..t1t1t-li lhlE'.- loof &l r.- hin ro
.::i.¡,- t� m Ua«:r»I :ú¡tik.wi-, ai.s hl riat.t 
14ilrfltrii1.11!� 'htl CfH'tHI', tci' ail a ulll)·�. 
n..m.1 ró= a�� -.rtth-kftMolil ri-tf\lJ!S.tao. ll!.I' 
� p:,pJn r�ll' � •;#. 

11), J'.h\,,ar�/il' ii.::n{*��-. ,\,,,",,D �-, ltS'! 
.m � i:ln,¡¡ U!&': 

11- Ld'.:.4.'�I.· !ffir.k -.-.� •w= �a fiSJ • 
-�""'= ilai:1111t anlpm..� � ' · 

• fi:iaita•u r,a,,fur,=1 !n.u.k � �F r:ffl, 
• h�AA.a."tWWt,Mil.Ml�F""�n. .,,,;� 
lilt- �-�dt-: 1 ¡T4'il'W (1m11 -dh.i i'<'li't' � 

Tecbtilcal Sped1tcattona tor ZB· 100F 

.. lb· �-,.. 

.. � 

,. ,r � l.iJt: 

... l\, 

.,. ,Q,_� ht.:yri:...u .· 

11, L ' '•-tiihd Jiw;"'r 

lt b · ' '·" 1-:lit&I J,--f'" _ . .' .'lil!n'l.'T: 

........ � ........ 
.. . •'.:.n::. �.' 

... 

'.!:.fi!�) [t &:,, ��
! 

,'. 

iJ.fi�H•. 

,7.Jnt_·,r;t\1 ,·:,J; 
fA'f.vs,::«r,'IS.' 

.�:;íJ..•�iY .! ; �a ,.. 
,,:.-.-� ... "'.'..! 

h;;,_, 'J. 
t.'; *"� - .; .. Y'" Ü ;.- :--_r_l 
.l.l ""'i,; ;;_,;.s:!I, t�; 

3 il, .d K¡JI 

1 ¡ é. (J_-., 1 r-.. -t-,.:�.,.._ ,.:,J 
� J.ff'll,xl,'.]1 



�!.15 Vcm.ClCJNil.l. AU�MlO CON til.YO� WU IALAtód'O 
� lNSA\'0$ NO omtVCrtv� l:J}.tV. SON!Otl MIUlOJi>.l! 

Mi\UNrnCM !UilllOGUAA HOUClo.T OOltl.M "'IECNlt.>\S 
.-,..rflCOH0.5JON 1:tN,tn PENfltANl� ANA!.151$ Of (:OMIIUS,-,(:n� 

SQ!.�IA � l'tlO �1.:-�0 1"4-$1:TIJ REN.tA.ClONS, 
�CAOONB C,,l'l';�M Y \'E.'i'l'A tll: rou1i!OS 

ZB-1 CCF Ha.rd-1-Wd, Fan-Coded Ekck Light 
f\wrl#: 'l,llnte: 
�� 11�m h.vlJ!f, !!'."dl..::11un� 
.am tm 1 1 !l,r¡f m h.-11):lh 
� tiG 11!1 Gl:IH!r,'.lv-1-..-d tot Z� 1ta= 
ll!.2'1;!,12 :a�'icn � �al:nt 
,U'l.?,11 �lh'�·· .... C/lít&H�.lld 

1§:·1 rn� G-��-=-krl!l-t ca=

28-100 Black Light
Pnrl#: V1U111e: 
.roa co:- 11k• «n.,.,, p1, 
�001 �'M k:.•1¡:i 
'llmtm �&.!� h:.'1P' 
eoocm. 11!lll.·&1 k:.'lf-li 
Ol,,ffl!!- Gllltp':ICUti � lB 100 



León 4- Russo Ingenieros 5.A. 
Av. Caminos del Inca 1 85 / Oficina 30 / Surco Lima 33 

Tel : 5 1 1 275 0844 Fax: 5 1 1 275 0877 

1nfo@ndt-1nnovations.com 

Cot-06-1580 

Surco 19 de Mayo de 2006 

Estimados señores: 

Por medio de la presente nos es grato hacerles llegar la cotización de Pedido Directo de 
nuestra representada PANAMETRICS-NDT (bussines of R/D TECH INSTRUMENTS), por 
los siguientes equipos. 

DETECTOR DE FALLAS POR ULTRASONIDO: 

MODEL EPOCH 4 PLUS 
ADV ANCED DIGITAL MICROPROCESSOR-BASED 
UL TRASONIC FLAW DETECTOR 
lncludes: 

EP4-MCA (Mini Charger Adapter) 
EP4-BAT (Nickel Metal Hydride Rechargeable Battery) 
EP4-CAL-NIST (NIST Calibration Certificate) 
EP4-MAN (lnstruction Manual) 
EP4-TC (Transport Case) 
EP4-PS (Stainless Steel Pipe Stand) 
EP4-HS ( Hand Strap) 
Interna! Alphanumeric Data logger with Editing Capability 
Narrowband Filters 
Tum able Square Wave Pulser 
RF Display Mode 
Microsecond readout for Time of Flight measurements 
Dual Gate with Echo-to-Echo Measurements 
RS-232 and High Speed Parallel outputs 
Analog output 
VGA output 
DAC and TVG Curve 

Precio FOB: U5$ 9,750.00 



ACCESORIOS SUGERIDOS PARA EMPEZAR A UTILIZAR LA TECNICA DE 
ULTRASONIDO: 

1 EP4/RPC Rubber Protective Case 

PATRONES DE CALIBRACION: 

1 

1 

1 

1 

TB7541-1 
F129 
2212-E 
2214-E 

Test Block IIW 
Hard Case Wood far IIW 
1018 Carbon Steel Block 
1018 Carbon Steel Block 

CABLES PARA TRANSDUCTORES: 

2 

2 

BCB-74-6 

BCM-74-6 

BNC to BNC Cable 

BNC to Microdot Cable 

TRANSDUCTORES NORMALES: 

1 

1 

1 

A106S-RM 
A109S-RM 
A104S-RB 

2.25 Mhz. 13mm Contact Tranducer 
5 Mhz. 13mm Accuscan S Transd. 
2.25Mhz. 25mm Accuscan Transd. 

TRANSDUCTORES Y ZAPATAS ANGULARES: 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

ABWM-5T 30º 

ABWM-5T 45º 

ABWM-5T 60º 

ABWM-5T 70º 

ABWML-5T 90º 

A540S-RM 
ABWM-7T 30º 

ABWM-7T 45º 

ASWM-7T 60º 

ASWM-7T 70º 

ABWML-7T 90º 

A551S-SM 

Accupath 30º 

Accupath 45º 

Accupath 60º 

Accupath 70º 

Accupath 90º 

2.25 Mhz. 13mm Angle Sean Transducer 
Accupath 30 º 

Accupath 45º 

Accupath 60º 

Accupath 70º 

Accupath 90º 

5Mhz. 10mm Angle Sean transducer 

TRANSDUCTOR Y ZAPATAS AWS: 

1 

1 

1 

1 

ABWS-8-45 
ABWS-8-60 
ABWS-8-70 
A432S-SB 

AWS Snail Wedge 45º 

AWS Snail Wedge 60º 

AWS Snail Wedge 70º 

2.25 Mhz. 0.75x0.75" Angle Transducer 

US$ 278.00 

US$ 534.00 
US$ 84.00 
US$ 219.00 
US$ 237.00 

US$ 53.00 

US$ 53.00 

US$ 297.00 
US$ 305.00 
US$ 306.00 

US$ 53.00 
US$ 53.00 
US$ 53.00 
US$ 53.00 
US$ 80.00 
US$ 291.00 
US$ 53.00 
US$ 53.00 
US$ 53.00 
US$ 53.00 
US$ 80.00 
US$ 291.00 

US$ 53.00 
US$ 53.00 
US$ 53.00 
US$284.00 

Total: US$ 13,831.00 



CONDICIONES: 

PRECIOS: 

FORMA DE PAGO: 

PLAZO DE ENTREGA: 

GARANTIA: 

FOB Waltham MA. USA, lncoterms 2000 
30 días luego de recibido el equipo en los almacenes de su 
embarcador en Houston USA. 
4 semanas luego de confirmada la orden de compra. 
Todos l os equipos están garantizados por un año desde la 
fecha de compra (baterías no incluidas). 

Sin otro particular por el momento, quedamos a la espera de sus gratas órdenes. 

Atentamente, 

Gonzalo Arrieta M.Q. 

Director Gerente 
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Stone & Webster, lnc.

Juan Gano Cordova 
EnerSur 
llo Power Plant 
llo, Peru 

Re: NDE Services, Alloy Analyzer 

Dear Mr. Cordova 

$tone & Webster, lnc. 

100 Technology Center Drive 
Stoughton, MA 02072-4705 

617-589-5111
FAX: 617-589-2088 

January 09, 2006 

Stone & Webster will ship an X-MET3000TX alloy analyzer to the llo Power Station this week for work 
that will be performed in accordance with our contract The alloy analyzer is províded on a rental 
agreement far the sum of $6500. 

Stone & Webster's Francisco Morales our NDE expert is full qualified to operate the machine. Please 
note that the instrument uses the latest x-ray technology and has no isotope. Page 2 of the attached 
brochure describes that no licensing is required and there are no restrictions in travel. 

lf you have any questions or concerns, please contact me 617-589-7736. 

Peter Lannon 
Project Manager 
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