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INTRODUCCION

En la actualidad, se plantea un reto muy importante en el desarrollo de la
tecnologia del concreto, el avance y el perfeccionamiento exige una investigacion
continua de la calidad del rr\1ismo, determinando pues su comportamiento y/o
caracteristicas tanto en el estado frésco como en el estado endurecido. Como puede
verse, la proporcion y tipos de ios ingredientes establecen en parte la calidad del concreto
y por lo tanto la calidad del sistema estructural total. Asi mismo las obras de gran
envergadura como proyectos de construccion civil, subterranea y minera requieren contar

con técnicas apropiadas para su desarrollo.

Controlar la calidad de un producto consiste en evaluar ciertos criterios y
parametros técnicos antes, durante y después del proceso productivo, para garantizar que

el resultado final satisfaga los requerimientos esperados.

Si el concreto es sometido a cargas de esfuerzos de Tension y cargas de Impacto,
este se torna muy fragil y debido a esto es necesario reforzar el concreto con varillas de
refuerzo de acero o mallas. Entre los insumos que se viene considerando para mejorar la

falta de ductilidad es el uso de Fibras de Acero.

Los principales efectos que trae consigo la incorporacién de fibras ‘de acero al
concreto podemos resumirlos en lo siguiente: Mejora el comportamiento a flexo traccion,
incremento de la resistencia a la rotura, aumento de la resistencia a la traccion, fuerte

incremento en la resistencia al impacto y choque.



El empleo de fibras para mejorar la isotropia de un material no es algo
desconocido, asi tenemos el adobe de barro reforzado con paja. Al mismo concreto
armado podriamos considerarlo, en el limite, como un concreto con fibras gruesas

orientadas.

Las fibras empleadas en el concreto reforzado son discontinuas, presentando una
distribucion discreta y uniforme. La efectividad de la accidn reforzante y la eficacia en la
transmision de tensiones depende de muchos factores pero, especialmente, de la

naturaleza y del tipo de fibra empleado.

Para nuestro tema de investigacion se ha utilizado Fibra de Acero Nacional
INSONEX, de la compaiia INSOMIN, disefio de mezclas para las relaciones

agual/cemento: 0.60, 0.65, 0.70. empleando proporciones de 35, 45, 55 kg/m’ de concreto,

Las caracteristicas de la fibra de acero son las siguientes: Geometria Ondulada,
Longitud de 40 mm, Diametro de 0.80 mm, Longitud de la onda de 5 mm, Forma de

suministro en cajas de 40 kg.

Es de esperar que este trabajo de investigaciéon sea de utilidad a los profesionales
que se relacionan diariamente con la tecnologia del concreto y utilizarla de acuerdo a la
necesidad y los requerimientos que estos exijan como puede ser las condiciones
ambientales y climatolégicas. De esta manera se estara en capacidad de obtener, pues,
un concreto €ficiente y deseable que satisfaga los requisitos de resistencia y condiciones
de servicio del disefiador. Se desea asi, crear una mayor expectativa en el tema y de este

modo se continGe realizando mas investigaciones al respecto.
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CAPITULO 1 CEMENTO PORTLAND 2

1.1 DEFINICION
CEMENTO

Es un material pulverizado que se denomina hidraulico porque fragua y endurece
al reaccionar con el agua, formando una pasta capaz de endurecer tanto bajo el agua y el
aire. La patente del primer cemento Pértland se le acredita a Joseph Aspdin en 1824,
quien los fabrica por un proceso similar al actual, llamando a su producto cemento
Pértland.

CEMENTO PORTLAND

Es un aglomerante hidréfilo producido artificiaimente por la pulverizaciéon del
CLINKER, con la adicion de 5% en peso de yeso natural (sulfato de calcio); que al
combinarse con el agua produce una masa capaz de endurecer como la piedra, el
fendmeno quimico es conocido como hidratacién, cuya velocidad de reaccion esta
directamente influenciada por la finura del cemento 'e inversamente proporcional al
tiempo, por lo que inicialmente es muy rapido y va disminuyendo paulatinamente, el
proceso es exotérmico por que genera calor hacia el exterior denominado calor de
hidratacion. A continuacién se menciona algunas fechas de cédmo a evolucionado el

Cemento Pértland .

1824: - James Parker, Joseph Aspdin patentan al Cemento Pértland, materia que

obtuvieron de la calcinacién de alta temperatura de una Caliza Arcillosa.

1845: - Isaac Johnson obtiene el prototipo del cemento moderno quemado, alta

temperatura, una mezcla de caliza y arcilla hasta la formacion del "clinker".

1868: - Se realiza el primer embarque de cemento Poértland de Inglaterra a los
Estados Unidos.

1871: - La compaiiia Coplay Cemgnt produce el primer cemento Pértland en lo

Estados Unidos.

!
1904: -La American Standard For Testing Materials (ASTM), publica por primera

ves sus estandares de calidad para el cemento Pértland.

1906: - Se instala la primera fabrica para la produccion de cemento en Meéxico, con

una capacidad de 20,000 toneladas por afio.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT | Andino”



CAPITULO 1 CEMENTO PORTLAND 3

Se asume que el cemento que se expende en el mercado, cumple con los
requisitos normativos y en general es asf, por lo que no se realizan verificaciones de su
calidad. Sin embargo debe observarse si se presenta algin comportamiento anormal para

tomar las previsiones del caso.

HIDROFILO

Materia que tiene la propiedad de absorber agua.

CLINKER

El Clinker del cemento Portland se obtiene por la calcinacion a elevada
temperatura (1400°C - 1450°C) hasta la fusién parcial (clinkerizacién) de una mezcla
convenientemente proporcionada y homogeneizada de materiales debidamente
seleccionados. Las materias primas mas importantes son las calizas y arcillas.

Ahora si el Clinker fuera molido finamente para ser utilizado como cemento, en el
momento de su mezcla con el agua fraguaria casi de inmediato, no permitiendo tanto su

manipuleo como su colocacion.

Es por esta razén, que en el momento de su molienda se le adiciona sulfato de
calcio (yeso), con el objeto de retardar el tiempo de fraguado.

El clinker se compone de la siguiente manera:

Silicato Tricalcico : 3Ca0.Si0, (40% - 65%) = C35S
Silicato Bicalcico : 2Ca0.Si0, (10% - 30%) = C.S
Aluminato Tricélcico : 3Ca0.AlLO; (7% - 15%) = C3A
Aluminato Ferrato :4Ca0.AL,OsFe0; (4% - 15%) = CL,AF

1.2 TIPOS DE CEMENTOS

El cemento Pértland normal se clasifica en cinco tipos diferentes, de acuerdo a las
propiedades relativas de los compuestos principales y a las condiciones de uso; de
acuerdo a las normas técnicas peruanas NTP y a las internacionales A.S.T.M., los

cementos se clasifican en dos grandes grupos:

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
de Fibras de Acero y CPT | Andino®-
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a) CEMENTOS PORTLAND NORMALES:

TIPO. - De uso general, donde no se requieren propiedades especiales.

TIPO . - De moderado resistencia a los sulfatos y moderado calor de hidratacion.
Para emplearse en estructuras con ambientes agresivos y/o en vaciados
masivos.

TIPOIII. - Desarrollo rapido de resistencia con elevado calor de hidratacion. Para uso
en clima frios o en los casos en que se necesita adelantar la puesta en
servicio de las estructuras.

TIPO V. - De bajo calor de hidratacién. Para concreto masivo.

TIPO V. - Alta resistencia a los sulfatos. Para ambientes muy agresivos.

En la actualidad se fabrican en el Per(l los cementos Tipo |, Tipo Il y Tipo V.
En el presente tema de investigacion se utilizé el Cemento Pértland Tipo | Andino

b) CEMENTOS PORTLAND ADICIONADOS:

Son cementos hidraulicos, que consisten de una mezcla intima y uniforme
producida por la molienda conjunta del CLINKER con los materiales de adicién y yeso, o
por la mezcla separada del cemento Pértiand con dichas adiciones.

Independientemente a su forma de obtencioén, existe una gran variedad de tipos
que deriva tanto de la clase del material incorporado, que puedan ser variados, como el
porcentaje en que se encuentra la adicion y de la presencia de aire incorporado

principalmente.

Estos cementos, en el mundo, estan reemplazando cada vez con mayor intensidad
a los cementos Pértland normales, debido no solamente a sus mejores caracteristicas,
sino porque también son una solucién al alto consumo energético que se emplea en la
fabricacion del CLINKER vy, en el caso de los cementos adicionados con escoria, se

aprovecha este subproducto tradicionalmente desechado.

Es interesante destacar los cementos denominados “mezclados o adicionados”

dado que algunos de ellos se usan en nuestro medio:

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT | Andino”
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Tipo IS.- Cemento al que se ha afadido entre un 25% a 70% de escoria de altos
hornos referido al peso total.

TipoISM.- Cemento al que se ha afadido menos de 25% de escoria de altos hornos
referido al peso total.

Tipo IP.- Cemento al que se le ha afadido puzolana en un porcentaje que oscila
entre el 15% y 40% del peso total.

Tipo IPM.- Cemento al que se le ha afadido puzolana en un porcentaje hasta del 15%

del peso total.

c) CEMENTOS PORTLAND ADICIONADOS (ESPECIFICACION DE LA
PERFORNMANCE) N.T.P. 334.082.
Esta nueva Norma Técnica Peruana 334.082, fue publicada el 24 — 07 — 1998.
Los tipos de cemento Pértland que cubren esta especificacion, estan clasificados de

acuerdo a sus propiedades y son:

TIPOGU. - Cemento Poértland adicionado para construcciones generales.
TIPO HE. - De alta resistencia inicial.

TIPOMS. - De moderado resistencia a los sulfatos.

TIPOHS.-  De alta resistencia a los sulfatos. -

TIPOMH. - De moderado calor de hidratacién.

TIPO LH. - De bajo calor de hidratacion.

Cuando el tipo no esta especificado, se aplicaran los requisitos del TIPO GU.

1.3 CARACTERISTICAS
1.3.1 COMPOSICION QUIiMICA

Las caracteristicas y propiedades del cemento estan intimamente ligadas a sus
componentes y compuestos quimicos. Se entiende como componentes a los minerales u
oxidos aportados pos la materia prima, reaccionan entre si en el horno y forman productos
mas complejos; denominados compuestos primarios y secundarios; estos fueron
establecidos por primera vez por Le Chatelier en el afio 1852 y son los que definen el

comportamiento del cemento hidratado.

Tesis: “Estudio del comportamiento del concreto de medlana a baja resistencia, con la incorporacién
de Fibras de Aceroy CPT | Andmo”
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1.3.1.1 COMPONENTES PRINCIPALES:
Entre los componentes principales del cemento Pértland tenemos:

LA CAL (CaO) : La cal u oxido de calcio representa un 61% a 67% del cemento. Proviene
de la roca Caliza; luego de calentarla a una temperatura de 1000°C se descomponen
oxido de caicio- y anhidrido carbénico. El exceso de cal ocasiona inconsistencia y
desintegracion del cemento después del fraguado. Un contenido alto de cal pero no lo
suficiente para considerarse excesivo, tiende a retardar el fraguado, pero produce una
resistencia inicial alta. Muy poca cal puede producir cementos débiles.

LA SILICE (SiO,) : La silice u oxido de silice forma alrededor de 17% a 25% en el
cemento. Proviene en mayor proporcién de la arenisca, cuarcita, arena de cuarzo etc. Es
resistente e insoluble en el agua. Un contenido alto de silice produce cemento de alta
resistencia, de fraguado lento y mejora la resistencia contra el ataque quimico.

LA ALUMINA (Al,O;) : La alumina u oxido de aluminio forma alrededor de 4 a 8% en el
cemento. Proviene de la arcilla. Un alto contenido de alumina y bajo de silice, produce un

cemento de fraguado rapido y también de alta resistencia.

OXIDO FERRICO (Fe;0s) : Se encuentra en un 0.5 a 5%. El color gris en el cemento se
debe a este oxido, el cual actia en la misma forma que la elimina. Si el cemento es de

color blanco este oxido no esta presente.

1.3.1.2 COMPONENTES SECUNDARIOS

PERDIDA POR IGNICION : Es la disminucién de peso de una muestra de cemento que
fue calentada al rojo vivo (de 900°C a 1000°C ) hasta obtener un peso constante. Segun
las normas NTP, la perdida por ignicién para los cementos Poértland tipo I, Il, y V debe ser
de 3% como maximo; si se supera este valor el cemento no podra ser utilizado en
elementos estructurales, debido a que el cemento podria estar en estado de
prehidratacion o carbonatacion que puede ser producido durante el proceso de

fabricacion, o también por un almacenamiento incorrecto y prolongado.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
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RESIDUO INSOLUBLE : Nos muestra que parte de la porcion arcillosa no se a
combinado y no es soluble. Ademas de indicar el nivel de perfeccidn que se da en el
horno, durante la coccién. Si consideramos la mezcla cruda del cemento vemos que la
parte arcillosa, durante la coccién reacciona con la cual transformandose en minerales del
klinker con solubilidad en los acidos. Sin embargo, siempre existe una porcién de
cemento que no ha logrado disolverse con acido clorhidrico, a esta porcién se le conoce
como Residuo insoluble.

ANHIDRIDO SULFURICO (SO;) : Presente en pequefias cantidades; proviene del yeso
que se le afiade al klinker para retardar la fragua, permite realizar el calculo del valor de
calcio presente en el cemento, asi como la cal combinada y tan bien el contenido de

azufre, limitandose al 2.5 0 3%.

1.3.1.3 COMPUESTOS PRINCIPALES
Constituyen de un 90 a 95% del cemento Pértland.

SILICATO TRICALCICO (3Ca0.SiO, = C;S) : También conocido como Alita. Este
compuesto es el factor principal del fraguado inicial y del rapido endurecimiento; genera
un alto calor de hidratacién. La cantidad formada en la reaccion de fraguado tiene un
marcado efecto sobre la resistencia del concreto en sus primeras etapas, principalmente
en los primeros 14 dias. Debera limitarse el contenido de CsS en los cementos para obras
de grandes masas de concreto, no debiendo rebasarse un 35%, con objeto de evitar
valores elevados de calor de hidratacion, en tales casos se preferira contenidos. altos en
silicatos bicalcicos.

SILICATO BICALCICO (2Ca0.Si0, = C,S8) : También conocido como Belita . La
formacién de este compuesto se desarrolla lentamente con un grado lento de evolucion
de calor. Es principalmente responsable del incremento progresivo de la resistencia, lo
cual ocurre a los 14 a 28 dias y en adelante, tienes una resistencia alta al ataque quimico

y también un encogimiento por secado relativamente bajo.

ALUMINATO TRICALCICO (3CaO.AI203 = C;A) : Libera una gran cantidad de calor
durante los primeros dias de endurecimiento. También contribuye ligeramente a la
resistencia temprana. Los cementos con bajos porcentajes de este compuesto

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
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especialmente resistentes a los suelos y aguas que tengan sulfatos. Debera usarse
cementos con C3A en proporcién no mayor al 5% cuando el sulfato, soluble en agua en el
suelo excede del 0.2%, o en el agua freatica excede de 1000 partes por millon.

FERRO-ALUMINATO TETRACALCICO (4Ca0.AlL,O; Fe,0; = C4AF) : Conocido como
Celita. No participa practicamente sobre la resistencia mecanica u otras propiedades del
cemento endurecido. Se hidrata con relativa rapidez. Tiene un pequefio calor de
hidratacién en gran velocidad de fraguado.

1.3.1.4 COMPUESTOS SECUNDARIOS
Constituyen un 5 a 10% del cemento Pdrtland.

OXIDO DE MAGNESIO (MgO) : Proviene de la piedra caliza, roca calcérea y escorias. La
presencia este 6xido le da al cemento un color verde grisaceo. Actliia como fundente en la
formacién del klinker y aporta fase liquida. En contacto con el agua se hidrata y aumenta
de volumen. La expansion se manifiesta lenta en concreto ya fraguados y endurecidos.
Segun las normas NTP, los cementos Poértland tipo I, no deben tener méas de 5% de oxido

de magnesio; y 6% como maximo para el resto de tipos de cementos.

OXIDO DE SODIO OXIDO DE POTASIO (Na,O y K;O) : Se le conoce con el nombre de
alcalis, se eliminan normalmente con los gases producidos en la calcinacién del cemento,
se encuentra presentes en el producto terminado solamente en pequefias cantidades. Si

por alguna razén se encuentra en cantidades excesivas, causaran eflorescencia.

En el cuadro N° 1.1 se muestra el andlisis quimico del cemento Pértland tipo |

Andino.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
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CUADRO N° 1.1
ANALISIS QUIMICO DEL CEMENTO PORTLAND TIPO | ANDINO

COMPUESTO SIMBOLO % NORMA ITINTEC
333.009
Oxido de Calcio Ca0 64.18 -
Oxido de Silicio SiO, 21.86 -
Oxido de Aluminio AlLO5 4.81 -
Oxido de Fierro Fe,03 3.23 -
Oxido de Potasio K>O 0.65 -
Oxido de Sodio Na,O 0.15 -
Oxido de Azufre SO; 2.41 max 3.5%
Oxido de Magnesio MgO 0.96 max 5.0%
Silicato Tricalcico CsS 51.33 -
Silicato Bicalcico C.S 23.95 -
Aluminato Tricalcico CsA 7.28 -
Ferroaluminato Tetracalcico| CsAF 9.82 -
Cal Libre | - | 059 -
Perdida por Ignicién P.1 1.24 max 3.0%
Residuos Solubles R.I 0.42 max 1.0%

1.4 PROPIEDADES FiSICAS
Las principales caracteristicas fisicas del cemento Pértland Tipo | Andino son las

siguientes:

1.41 PESO ESPECIFICO N.T.P 334.005

El peso especifico del cemento corresponde al de un material compactado y su
valor suele variar entre 3.0 gricm®y 3.2 gr/lem®. La norma norfeamericana considera un
valor promedio de 3.15, este valor corresponde a un cemento Pértland normal;. Por lo que
estos valores servirdn como parametros de aproximacion. Esta es la tnica propiedad del
cemento que se emplea directamente en el computo de las proporciones de la mezcla de

concreto.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
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El método de ensayo para determinar el peso especifico de los cementos es por
medio de un frasco volumétrico de Lechatelier.

El peso especifico del cemento Pértland Tipo | Andino es 3.12 gricm®

14.2 CONSISTENCIA NORMAL NTP 334.002

La cantidad de agua que se requiere para una pasta de consistencia normal; se
expresa como porcentaje en peso del cemento utilizado. El conocimiento de esta
propiedad es la base para la determinacién del tiempo de fraguado de los cementos.

La consistencia normal para el cemento Pdértland Tipo | Andino es 22.15%

1.4.3 TIEMPO DE FRAGUADO N.T.P. 334.006

Cuando el cemento se mezcla con agua, las reacciones quimicas que se producen
originan cambios en la estructura de la pasta, conservando la mezcla su plasticidad
durante un cierto tiempo, desde poco minutos hasta varias horas, para luego ocurrir varios

fendbmenos sucesivos.

FRAGUA INICIAL

Condicion de la pasta de cemento en que se aceleran las reacciones quimicas,
empieza el endurecimiento y la perdida de la plasticidad, midiendo en términos de la
resistencia a deformarse, es la etapa en que se evidencia el proceso exotérmico donde se
genera el ya mencionado calor de hidratacion, que es consecuencia de las reacciones

quimicas.

En esta etapa la pasta puede remezclarse sin producirse deformaciones

permanentes ni alteraciones en la estructura que aln esta en formacion.

La Fragua Inicial para el cemento Pértland Tipo | Andino esta comprendida entre
1:58 a 2:24

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
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FRAGUADO FINAL

Se obtiene al termino de la etapa del fraguado inicial, caracterizandose por
endurecimiento significativo y deformaciones permanentes. La estructura del gel esta
constituida por ensamblaje definitivo de sus particulas endurecidas.

Se dice que la pasta de cemento a fraguado cuando logra una rigidez suficiente
como para soportar una presion determinada de tipo arbitrario, ejercida por agujas
pertenecientes a los aparatos de GILLMORE y VICAT.

Al

La Fragua Final para el cemento Pértland Tipo | Andino esta comprendida entre
3:08 2345

FALSO FRAGUADO

El fenémeno de falso fraguado se manifiesta durante o después del amasado y se
caracteriza por un brusco aumento de la viscosidad de la pasta sin gran desprendimiento
de calor. Un amasado adicional vuelve dar a la pasta su plasticidad inicial, sin que las
resistencias finales se modifiquen, no debe afiadirse agua, el falso fraguado proviene de
la deshidratacién del yeso durante la molienda conjunta con el Clinker.

La deshidratacién depende del tiempo de molido, del tanto por ciento de humedad
y de la temperatura. Durante el amasado, el semi hidratado, muy avido de agua, forma

cristales de yeso los cuales dan rigidez a la pasta.

144 FINURA N.T.P. 334.002

La finura del cemento afecta la rapidez de la hidratacién. Al aumentar la finura del
cemento aumenta la rapidez a la que se hidrata el cemento, acelerando la adquisiciéon de
resistencia; observando que el agua necesaria para obtener un concreto con cierto
revenimiento disminuye. Los efectos del aumento de finura en la resistencia se

manifiestan principalmente durante los primeros 7 dias.

La finura para el cemento Pértland Tipo | Andino esta comprendida entre 3210
cm?/gr a 3340cm?/gr.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
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1.4.5 CALOR DE HIDRATACION N.T.P. 334.064

La fragua y el endurecimiento de la pasta de cemento son producto de las
reacciones dadas entre los componentes del cemento y el agua. Estas reacciones general
una cantidad de calor conocido con el nombre de calor de hidrataciéon que depende de Ia
composicién quimica y de la fineza del cemento. En lo referente a la composicién quimica,

la cal es el compuesto que ejerce mayor influencia.

Se sabe que, en cuanto a su fineza, un incremento de esta produce un mayor calor
de hidratacién. Asimismo una aita temperatura inicial de curado, acelera el desarrollo del
calor de hidratacién. La utilidad del conocimiento de esta propiedad fisica radica en que,
en base a ella, se puede determinar que tipo de cemento usar en la construcciéon de
determinadas obras. El calor de hidratacién cumple funciones de auto proteccién cuando

se trata de un medio de clima frio.

El calor de hidratacion para el cemento Poértland Tipo | Andino es: a los 07 dias
64.93 cal/gr.

1.5 CARACTERISTICAS MECANICAS
1.5.1 RESISTENCIA A LA COMPRESION Y TRACCION N.T.P. 334.051

Se define a la capacidad del cemento para soportar esfuerzos sin falla. La
velocidad de desarrollo de la resistencia es mayor durante el periodo inicial de
éndurecimiento, haciéndose mas lenta a través del tiempo. El valor de la resistencia a los
28 dias se considera como la resistencia del cemento. Las resistencias mecanicas del
cemento estan en funcién de la finura, de la composicién quimica, del grado de

hidratacién y el contenido de agua en la pasta.

Edad Resistencia a la Compresion (Kgicm?)
3 197
7 260
28 340

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
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1.5.2 ESTABILIDAD DE VOLUMEN N.T.P. 334.054

La determinacién de esta propiedad nos permite obtener las variaciones
volumétricas que tienen lugar en Ia pasta de cemento cuando es sometida a vapor
saturado y a una presién determinada. La determinacién de estas variaciones nos indica
la capacidad de cambio de volumen de los elementos estructurales previéndose entonces
la posibilidad de agrietamientos o cuando estos cambios son importantes.

La estabilidad de volumen para el cemento Pértland Tipo | Andino es 0.07%

CUADRO N° 1.2
PROPIEDADES FiSICAS DEL CEMENTO PORTLAND TIPO | ANDINO
PROPIEDADES UNIDAD | VALORDEENSAYO | LIMITES ASTM C150
FISICAS MECANICAS
Peso Especifico gricr 3.12
Consistencia Normal % 2.15
Tiempo de Fraguado _
Fragua Inicial hm |  158-224 Min 0:45
Fragua Final _hm | 308-345 Mex 6:45
Superficie Especifica cnfigr 3210- 3340 Min 2800
Calor de Hidratacion caligr 64.93
Resistencia a la Compresién _
03 Dias kg/en? 195- 200 Min 122
07 Dias kglen 250- 270 Min 2194
28 Dias kg/em” 30 - Vin 280
Estabilidad de Volumen % 0.00- 0.07

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la i mcorporacxon
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2.1 AGREGADO FINO
2.1.1 DEFINICION

Es el proveniente de la desintegracion natural o artificial (arena), que pasa el tamiz
3/8” (9.52 mm) y que cumple los limites establécidos en la Norma.

Se puede utilizar arena de molino o natural. La arena debe ser particula dura,
densa y durable de roca no recubierta y de contenido de humedad uniforme y estable;
debe estar de acuerdo a la Norma ASTM C-33 actual.

CANTERA - El agregado utilizado es el proveniente de la Cantera “GLORIA”

2.1.2 CARACTERISTICAS FiSICAS
2.1.2.1 PESO ESPECiFICO NTP 400.021

Es la relacién a una temperatura estable, de la masa de un volumen unitario del
material, a la masa del mismo volumen de agua destilada, libre de gas. Ademas el peso
especifico es un indicador de la calidad en cuanto que los valores elevados corresponden
a materiales de buen comportamiento, mientras que el peso especifico bajo generalmente

corresponde a agregados absorbentes y débiles.

También se define como el cociente entre el peso de las particulas dividido entre el
volumen de los solidos Unicamente, es decir no incluye los vacios entre ellas. Su valor

para agregados normales oscila entre 2500 y 2750 Kg/m®.

PROCEDIMIENTO (Método del Balon)

a) Cuartear el material y tomar de ella aproximadamente 3 Kg.

b) Luego remojar el material durante 24 hrs.

c) Al dia siguiente, eliminar el agua del recipiente, para luego esparcir el material
sobre una superficie plana.

d) Comprobar si la muestré esta saturado superficialmente seco (S.S.S.), para ello
echar en un molde tronco-conico metalico apisonando con 25 golpes sin
compactar el material; si al levantar el molde la muestra queda exacta al modelo
del molde, esto significa que falta secar, pero si queda desmoronado, significa que
ha secado demasiado, y si quedara desmoroﬁado parcialmente y de punta

i

significa que l[a muestra esta S.S.S.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resis{encia con la incorporacion
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e) Pesar 500 gr. del material S.S.S. y luego echar en un balén de vidrio para
determinar su volumen por desplazamiento.

f) Pesar el baldn con el material S.S.S.

g) Echar agua hasta 500c‘:m3 a temperatura ambiente de 23°C; para luego sacar el
aire que se encuentra en dicho frasco, para ello agitar suavemente el balén.

h) Pesar el balén con agua y material S.S.S.

i) Secar el material, colocar en el horno a una temperatura de 100°C a 110°C.

j) Determinar el peso de la muestra secada al horno.

k) Con los datos obtenidos determinar el Peso Especifico.

2.1.2.2 ABSORCION NTP 400.021

Capacidad del agregado fino de absorber el agua en contacto con el. Al igual que
el contenido de humedad esta propiedad influye en la cantidad de agua para la relacién
agua/cemento en el concreto. También se define como la diferencia en peso del material
superficialmente seco y el peso del material secado al horno (24hr) todo dividido entre el
peso seco y multiplicado por 100. El valor de absorcion puede ser determinado a partir de
los datos para el calculo del peso especifico.

Los datos y calculos del peso especifico y porcentaje de absorcién se muestra en
el cuadro N° 2.1

CUADRO N° 2.1

PESO ESPECIFICO Y PORCENTAJE DE ABSORCION

Descripcion Und M1 M2 M3 Promedio

A |Psss ar 500.00 | 500.00 | 500.00 500.00
B |Pprob+Pagua ar 702.00 | 702.00 | 702.00 702.00
C {Volumen inicial cc 507.00 { 506.00 | 505.00 506.00
D |Psss+Pprob+Pagua ar 1201.50 | 1201.00 | 1200.50 { 1201.00
E {Volumen final cc 696.00 | 695.00 694.00 695.00
F |Pagua+Pprob ar 887.50 | 886.00 | 886.50 886.67
G |Pseco horno gr. | 488.00 | 490.00 | 486.00 488.00
H |Volumen muestra (F-B) cc | 185.50 184.00 184.50 184.67
| JPesp.sss (A/H) gr/cc 2.70 272 2.71 2.71
J [Pesp. Aparente (G/H-(A-G)) gr/cc 2.81 2.82 2.85 2.83
K ]Pesp.masa (G/H) gr/cc 2.63 2.66 2.63 2.64
L JAbsorcion (A-G/G*100) % 2.46 2.04 2.88 2.46

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacién
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2.1.2.3 PESO UNITARIO SUELTO Y COMPACTADO NTP 400.017

Resulta del cociente de dividir el peso de las particulas entre el volumen total
incluyendo los vacios. Este valor es un parametro hasta cierto punto relativo, puesto que
esta influenciado por los espacios vacios entre particulas como consecuencia del
acomodo entre estas. El peso unitario compactado se emplea generalmente para estimar
las proporciones entre agregados; mientras que el peso unitario suelto para realizar
conversiones de dosificaciones de mezcla en volumen. Este valor de peso unitario oscila
entre 1500 y 1700 Kg/m®>.

PROCEDIMIENTO

a) Cuartear adecuadamente el material.

b) Llenar el balde metalico de (1/10) pie® con el material y enrasarlo; luego pesario
para el calculo del peso unitario suelto.

¢) Llenar el balde con material en 3 capas, en cada capa aplicar 25 golpes con una
varilla de D=5/8" con punta lisa y redondeada; y con 60cm de longitud.
Cuando se compacta la primera capa no golpear el fondo del recipiente con fuerza.
Al compactar las uitimas capas solo se emplea la fuerza necesaria para que la
barra penetre la ultima capa de agregado.
Luego enrasar y pesar para obteﬁer él peso unitario compactado.

d) Pesar el balde metalico.

e) A fin de determinar la capacidad o volumen exacto del balde se llenara con agua y

se pesara; obteniendo el peso de agua contenida se determina el volumen.

Célculos:

Peso Unitario Suelto - Peso Suelta
P.US Volumen del Balde
Peso Unitario Compactado _ Peso Compactado
P.U.C Volumen del Balde

Los datos y calculos del peso unitario suelto y peso unitario compactado se

muestra en el cuadro N° 2.2

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacion
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CUADRO N° 2.2
PESO UNITARIO
PESO UNITARIO SUELTO
Descripcion Und V' ¢ N2 M3 Promedio
A 1Pbalde (1/10 p3) or 277950 | 2779.50 | 2779.50 | 2779.50
B |Pbalde+Pmuestra ar 7235.00 | 7277.00 | 7302.00 | 7271.33
C |Pmuestra (B-A) ar 445550 | 449750 | 4522.50 | 4491.83
D ]Volumen balde cc 283168 | 283168 | 2831.68 | 2831.68
E ]Peso unitario suelto (C/D) grlcc 1.573 1.588 1.597 1.586
P.US = 1.586
PESO UNITARIO COMPACTADQO
Descripcion Und M1 M2 M3 ] Promedio
A |Pbalde (1/10 p3) ar 2779.50 | 2779.50 | 2779.50 | 2779.50
B |Pbalde+Pmuestra ar 7989.00 | 7973.50 | 7960.00 | 7974.17
C jPmuestra (B-A) or 5209.50 | 5194.00 | 5180.50 | 5194.67
D {Volumen balde cc 283168 | 2831.68 | 2831.68 | 2831.68
E |Peso unitario compact (C/D) gr/cc 1.840 1.834 1.829 1.834

P.UC 1.834
2124 GRANULOMETRIA NTP 400.012
~ Es la representacién numérica de la distribucion volumétrica de las particulas por

tamanos.

Como seria sumamente dificil de medir el volumen de los diferentes tamaros de
particulas, se usa una manera indirecta, la cual es tamizarlas por una serie de mallas de
aberturas conocidas y pesar los materiales retenidos refiriéndoles en porcentajes con
respecto al peso total. Los valores hallados se representan graficamente en un sistema

- coordenado semi-logaritmico que permite apreciar la distribucién acumulada.

El Reglamento Nacional de Construccion especifica la Granulometria de la arena

en concordancia con la norma ASTM C-33.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacion
de Fibras de Acero y CPT | Andino”



CAPITULO 2 AGREGADOS 19

En el cuadro N° 2.3 se puede observar los requisitos granulométricos para el
agregado fino.

CUADRO N°2.3

HUSO UTILIZADO NORMA ASTM C-33

Malla %Que Pasa
3/8" 100
N°4 95-100
N°8 80 - 100

N°16 50 -85

N°30 25-60

N°50 10-30

N°100 10-30

Se tiene cuidado con las arenas finas, puesto que estos originan concretos de
mayor costo dad la exigencia de agua, esto puede corregirse disminuyendo la relacién de
arena/piedra.

PROCEDIMIENTO:

a) Pesar 500 gr. libre de impurezas.

b) Antes de proceder al tamizado de la muestra, verificar el estado y orden de las
mallas. Esta debera tenér el orden de acuerdo al tamafo de la abertura de la
siguiente manera: N° 4, N° 8, N° 16, N° 30, N° 50, N° 100 y fondo.

c) Zarandear por espacio de 2 minutos.

d) Luego pesar el material retenido en cada malla.

e) Con los datos obtenidos realizar los célculos correspondientes de acuerdo al
cuadro N° 24 que se presenta. Se muestra asimismo el grafico N° 2.1
correspondiente de acuerdo a los husos para este agregado.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacion
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CUADRO N° 2.4
GRANUL OMETRIA
Muestra: 500 gr
Tamiz Peso Retenido en Cada Malla (gr) Promedio | %Retenido %Retenido
m M2 M3 Acumulado
N° 4 4.00 1.50 © 3.00 283 0.57 0.57
N° 8 110.50 ~ 89.50 108.50 102.83 20.57 2113
N° 16 12650 | 117.50 11800 | 12067 2413 4527
N° 30 91.00 94.00 88.50 91.17 18.23 63.50
N° 50 79.00 90.50 83.00 84.17 16.83 80.33
N° 100 44.00 59.00 49.00 50.67 10.13 90.47
FONDO 45.00 48.00 50.00 47.67 9.53 100.00
TOTAL 500.00 500.00 500.00 500.00

Médulo de Finura: Suma%RA(N°4,N°8,N°16,N°30,N°50,N°100)/ 100

M.F. = 3.01

2.1.2.5 CONTENIDO DE HUMEDAD ASTM C - 566

Es la cantidad de agua que contiene el agregado fino, esta caracteristica al igual

que la absorcién son importantes ya que influyen en la determinacion final de la cantidad
de agua en €l concreto.

PROCEDIMIENTO:

a) Pesar 500gr del material libre de impurezas en estado natural.
b) Colocar en un recipiente metélico y secar al horno durante 24 horas a 100°C a
110°C.
c) Pesar la muestra secada al horno y determinar la cantidad de agua en la muestra
por diferencia de peso, para expresarla en porcentaje del peso seco.
Realizar los respectivos célculos de acuerdo al cuadro N° 2.5 adjunto.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacion
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CUADRO N°2.5
CONTENIDO DE HUMEDAD
Muestra: 500 gr
Descripcion Und M1 M2 M3 Promedio

A |Pmuestra humeda ar 500.00 500.00 500.00 500.00
B |Pmuestra seca horno gr 490.00 494.00 494.00 492 67
C |Cont. Humedad (A-B/B) % 2.04 1.21 1.21 1.49

Promedio: C.H = 1.49

2.1.2.6 CANTIDAD QUE PASA LA MALLA N° 200 NTP 400.018

Es el porcentaje de material muy fino, tal como arcilla, limo, etc. que existe en el
agregado, los valores altos disminuyen la resistencia del concreto, debido a que afectan a
la adherencia entre los agregados y la pasta y consumen mayor cantidad de agua.

Los datos y célculos se muestran el cuadro N° 2.6
LIMITES:
Parametros definidos : Max. 5%

Casos especiales Max. 3%

CUADRO N°2.6

MATERIAL QUE PASA LA MALLA N°200

Descripcion Und M1 M2 M3 Promedio
A |Pmuestra seca horno ar 500.00 500.00 500.00 500.00
B |Pmuestra seca lavada gr 476.00 478.00 475.00 476.33
C |Porc. de finos (A-B/A) % 4.80 4.40 5.00 473
Promedio: % Finos 4.73
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2.2 AGREGADO GRUESO
2.21 DEFINICION
Es el retenido en el tamiz 4.75 mm (N° 4) proveniente de la desintegracion natural

0 mecanica de la roca, que cumple con los limites establecidos para su empleo.

El agregado grueso debe ser piedra triturada gravas naturales limpias, libres de
polvo superficial y debe cumplir con los requisitos especificados en la NORMA ASTM C-

33, excepto en cuanto a la granulometria.

Por economia el contenido de huecos del agregado debe mantenerse lo mas bajo
posible, entre 38 y 48%. El agregado grueso debe ser bien graduado usandose el mayor
tamafo que pueda transportarse y colocarse econémicamente en las cimbras, sin

segregacion excesiva.

Tomando en consideracion la disponibilidad de los agregados por tamaiio, tipo de

construccion de que se trata.

CANTERA - El agregado utilizado es el proveniente de la Cantera “GLORIA”

222 CARACTERISTICAS FiSICAS
2.2.2.1 PESO ESPECIFICO NTP 400.022
Es la relacidon a una temperatura estable, de la masa de un volumen unitario del

material, a la masa del mismo volumen de agua destilada, libre de gas.
Ademas el peso especifico es un indicador de la calidad, ya que los valores
elevados corresponden a materiales de buen comportamiento, mientras que el peso

especifico de valor bajo generalmente corresponde a agregados absorbentes y débiles.

También se define como el cociente entre el peso de las particulas dividido entre el

volumen de los sélidos Gnicamente, es decir no incluye los vacios entre ellas.

Su valor para agregados normales oscila entre 2500 y 2750 Kg/m®.
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PROCEDIMIENTO

a)

b)

c)

d)

g)

h)

Seleccionar el material por el método del cuarteo, aproximadamente 6 Kg del
agregado, rechazando todo material que paéa por el tamiz ITINTEC 4.75 mm
(N°4).

Después de eliminado todas las impurezas polvo u otros materiales extrafios de la
superficie del material se seca el material y se pone a remojar en una vasija con
agua por espacio de 24 horas.

Al dia siguiente escurrir el agua del recipiente y echar el material sobre una mesa,
enseguida con ayuda de una franela secar la superficie del a agregado, a fin de
tener material S.S.S.

Pesamos 5 Kg del material secado.

Calibrar la Balanza hidrostatica sin agua, lienar de agua el recipiente, y pesar la
canastilla dentro del agua, anotar el peso cuando deje de gotear la salida del
deposito de la balanza hidrostatica.

Pesar el material dentro de la canastilla sumergida.

Poner el material pesado en un recipiente metalico a fin de colocar este dentro del
horno durante 24horas.

Obtener el peso de la muestra secada al horno.

Realizar los célculos de acuerdo al cuadro N° 2.7 adjunto.

2.2.2.2 ABSORCION NTP 400.022

Es la capacidad de los agregados de llenar con agua los vacios internos en las

particulas. El fenémeno se produce por capilaridad, permeabilidad, etc.

Su valor se determina como el contenido de humedad en el estado saturado

superficialmente seco del material y se expresa como porcentaje del peso seco.

Su valor puede ser determinado a partir de los datos del ensayo de peso

especifico, como se muestra en el cuadro N° 2.7 siguiente:
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CUADRO N°2.7

PESO ESPECIFICO Y PORCENTAJE DE ABSORCION

Descripcion Und M1 M2 M3 Promedio
A |Psss gr 500.00 | 500.00 | 500.00 500.00
B {Pprob+Pagua ar 702.00 { 702.00 { 702.00 702.00
C |Volumen inicial cc 506.00 505.00 505.00 505.33
D |Psss+Pprob+Pagua gr 1202.00 | 1201.50 | 1202.00 | 1201.83
E {Volumen final cc 690.00 | 690.00 | 692.00 690.67
F |Pagua+Pprob gr 882.00 | 880.50 886.50 883.00
G |Pseco horno ar 498.50 497.50 497.00 497.67
H [Volumen muestra (F-B) cc 180.00 178.50 184.50 181.00
| JPesp.sss (A/H) gr/cc 2.78 2.80 2.71 276
J [Pesp. Aparente (G/H-(A-G)) gricc 2.79 2.83 2.74 2.79
K [Pesp.masa (G/H) gr/cc 277 2.79 2.69 2.75
L JAbsorcion (A-G/G*100) % 0.30 0.50 0.60 0.47
Promedio: Pesp.masa= 2.75
Absorcion = 047

2.2.2.3 PESO UNITARIO SUELTO Y COMPACTADO NTP 400.017

Resulta del cociente de dividir el peso de las particulas entre el volumen total
incluyendo los vacios. Este valor es un parametro hasta cierto punto relativo, puesto que
esta influenciado por los espacios vacios entre particulas como consecuencia del
acomodo entre estas. El peso unitario compactado se emplea generalmente para estimar
las proporciones entre agregados; mientras que el peso unitario suelto para realizar
conversiones de dosificaciones de mezcla en volumen. Este valor de peso unitario oscila
entre 1,500 y 1,700 Kg/m®.

PROCEDIMIENTO
a) Cuartear adecuadamente el material.
b) Llenar el balde metalico de (1/2) pie® con el material y enrasarlo; luego pesario
para el calculo del peso unitario suelto.
c) Llenar el balde con material en 3 capas, en cada capa aplicar 25 golpes con una
varilla de D=5/8" con punta lisa y redondeada; y con 60cm de longitud.
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d) Se recomienda al compactar la primera capa no golpear el fondo del recipiente con
fuerza. Al compactar las ultimas capas solo se emplea la fuerza necesaria para
que la barra penetre la ultima capa de agregado.

e) Luego enrasary pesar para obtener el peso unitario compactado.

Pesar el balde metalico.

f) Afin de determinar la capacidad o volumen exacto del balde se llenara con agua y

se pesara; obteniendo el peso de agua contenida se determina el volumen.
Calculos:

Peso Suelto
Volumen del Balde

Peso Unitario Suelto
P.US

Peso Compactado
Volumen del Balde

Peso Unitario Compactado
P.UC

Los datos y calculos del peso unitario suelto y compactado del Agregado Grueso se

presenta en el cuadro N° 2.8

CUADRO N°2.8
PESO.UNITARIO
PESO UNITARIO SUELTO
Descripcion Und M M2 M3 Promedio
A |Pbalde (1/2 p?) gr 11800.00 | 11800.00 ( 11800.00 { 11800.00
B |Pbalde+Pmuestra gr | 31500.00 | 31750.00 | 31750.00 | 31666.67
C |Pmuestra (B-A) ar 19700.00 | 19950.00 | 19950.00 | 19866.67
D }Volumen balde cc | 1415842 | 14158.42 | 14158.42 | 14158.42
E |Peso unitario suelto (C/D) gricc 1.391 1.409 1.409 1.403
Promedio: PUS = 1403
PESO UNITARIO COMPACTADO
Descripcion Und M M2 M3 Promedio
A |Pbalde (1/2 p°) ar 11800.00 | 11800.00 | 11800.00 | 11800.00
B |Pbalde+Pmuestra gr [ 33650.00 | 34000.00 | 33900.00 | 33850.00
C {Pmuestra (B-A) gr | 21850.00 { 22200.00 | 22100.00 { 22050.00
D |Volumen balde cc | 1415842 | 14158.42 | 14158.42 | 14158.42
E JPeso unitario suelto (C/D) gricc 1.543 1.568 1.561 1.557
Promedio: PUC = 1557
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2.2.2.4 GRANULOMETRIA NTP 400.012
Es la representacion numérica de la distribucién volumétrica de las particulas por

tamanos.

Como seria sumamente dificil de medir el volumen de los diferentes tamarfos de
particulas, se usa una manera indirecta, la cual es tamizarlas por una serie de mallas de
aberturas conocidas y pesar los materiales retenidos refiriéndoles en porcentajes con
respecto al peso total. Los valores hallados se representan graficamente en un sistema

coordenado semi-logaritmico que permite apreciar la distribucién acumulada.
Para el agregado grueso debe tenerse en cuenta lo siguiente:

Tamaino Maximo
Es la menor malla por la que pasa el 100% del material.

Tamaino Nominal Maximo
Existen dos definiciones:

T"max
Malla que pasa del 95-100% o en el que se produce el primer retenido.

T"max
Diametro del tamiz inmediato superior al que retiene el 15% o mas en forma

acumulada del material.
En la presente tesis de investigacion utilizaremos la ultima definicion.

MODULO DE FINURA (M.F) NTP 400.012

Se define como la suma de los porcentajes retenidos acumulativos de la serie
Standard hasta el tamiz N° 100 y esta cantidad se divide entre 100; este valor que es
proporcional al promedio logaritmico del tamafio de particulas de una cierta distribucion
granulométrica, sirve para caracterizar cada agregado independientemente o la mezcla de

agregados en conjunto.

\

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacién
de Fibras de Acero y CPT | Andino”



CAPITULO 2 AGREGADOS 27

Modulo de Finura : Suma%RA(1 1/2",3/4",3/8" N°4 N°8 N°16,N°30,N°50,N°100)
100

PROCEDIMIENTO
a) Pesar 10 kg. de piedra.
b) Limpiar las mallas y verificar el correcto orden de las mallas.
c) Zarandear el material por un tiempo de 2 minutos.
d) Pesar el material retenido en cada malla.

e) Realizar los célculos de acuerdo al siguiente cuadro N° 2.9.

CUADRO N°2.9
GRANULOMETRIA
Muestra: 6000 gr
- Py -
Tamiz Peso Retenido en Cada Malla (gr) Promedio | %Retenido %Retenido
M1 M2 M3 Acumulado
1" 0.00 0.00 0.00 " 0.00 0.00 0.00
3/4" 1158.00 1360.00 1493.00 1337.00 22.28 2228
12" 2512.00 2639.00 | 2540.00 2563.67 42.73 65.01
3/8" 1677.00 1523.00 1495.00 1565.00 26.08 91.09
114" 628.00 449.00 454 .00 510.33 8.51 99.60
FONDO | 25.00 29.00 18.00 24 00 0.40 100.00
TOTAL | 6000.00 6000.00 6000.00 6000.00

Tamano Méaximo: 1"
Tamano Maximo Nominai: 1"
Modulo de Finura :

Suma%RA(1 1/2",3/4",3/8",N°4,N°8,N°16,N°30,N°50,N°100) / 100
M.F. = 7.13

HUSO UTILIZADO NORMA ASTM C-33 N° 57

% Que Pasa 100 95 A 100 25A 60 0A 10 0AS
Malla 11/2" 1" 1/2" N° 4 N° 8
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2.2.2.5 CONTENIDO DE HUMEDAD ASTM C - 566
..Es la cantidad de agua que contiene el agregado fino, esta caracteristica al igual
que la absorcién es importante ya que influye en la determinacion final de la cantidad de

agua en el concreto.

PROCEDIMIENTO:
a) Pesar 1000gr del material libre de impurezas en estado natural.
b) Colocar en un recipiente metalico y secar al horno durante 24 horas a 100°C a
110°C.
c) Pesar la muestra secada al horno y determinar la cantidad de agua en la muestra
por diferencia de peso, para expresarla en porcentaje del peso seco.

Realizar los respectivos calculos de acuerdo al cuadro adjunto N° 2.10.

CUADRO N°2.10

CONTENIDO DE HUMEDAD
Descripcion Undf M M2 M3 Promedio
A |Pmuestra humeda gr 500.00 500.00 500.00 500.00
B {Pmuestra seca horno gr 499.00 498.80 498.20 498.67
C ]Cont. Humedad (A-B/B) % 0.20 0.24 0.36 0.27
Promedio: C.H. = 0.27

Se presenta a continuacion en el cuadro N° 2.11 un resumen de las propiedades
fisicas de los Agregados Fino y Grueso, ademas del grafico N° 2.1, donde se muestra el

analisis granulométrico con sus respectivos Husos.
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CUADRO N°2.11

RESUMEN DE LAS CARACTERISTICAS FISICAS

I Agregado
Descripcion Und Fino Grieso

Peso Unitario Suelto ' gr/cc 1.586 1.403
Peso Unitario Compactado gricc | 1.834 |  1.557
Peso Especifico de Masa gricc 2.643 2.750
Peso Especifico de Masa Saturada Superficialmente Seco gricc 2.708 2.763
Peso Especifico Aparente gricc 2.826 2.786
Porcentaje de Absorcion o ) % 2.460 0.469
Contenido de Humedad ' % 1.490 0.267
Superficie Especifica ’ cmgr| 47.860 1112
Meaterial que Pasa la malla N° 200 %

Tamafio maximo Plg — 1"
Tamafo maximo Nominal Pig — 1"
Mddulo de Finura ; : M.F. 3.013 7134

Tesis: “Estudio del comportamienfo del concreto de mediana a baja resistencia con la incorporacién
de Fibras de Acero y CPT | Andino” i



GRAFICA 2.1

PROYECTO: TESIS MATERIAL: PROCEDENCIA:
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2.3 AGREGADO GLOBAL
Para la determinacion de la optima relacién porcentual entre el agregado fino y
grueso se usé el método de la “compacidad” y de resistencia maxima.

Para la evaluacién granulométrica nos remitiremos a los husos DIN 1045 para el
agregado global.

Para concreto mas trabajable

- Concreto de mejor trabajabilidad del huso “A” al “B”

- Concretos de trabajabilidad aceptable del huso “B” al “C”

Los requisitos granulométricos para el Agregado Global se pueden observar en el
Cuadro N° 2.12

CUADRO N°2.12

HUSO DIN 1045

TAMANO MAXIMO = 32mm
MALLA FRACCION QUE PASA

(mm) A B c
31.50 100 100 100
16.00 - 80 89

8.00 38 62 77
4.00 23 47 65
2.00 14 37 53

1.00 8 28 42

0.50

0.25 2 8 15

2.31 METODO DE COMPACIDAD
El objetivo de este método es de buscar el mejor acomodo que puedan tener los

agregados entre si.

Este método consiste en mezclar los agregados (piedra y arena) en diferentes
porcentajes a fin de obtener'para cada porcentaje un valor de Peso Unitario Compactado
(PUC); con estos datos realizar un grafico de PUC vs % Arena y determinar en ella el
mayor PUC; la cual nos quiere decir que tiene mejor acomodo entre las particulas.
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En la presente tesis se realizaron en total cinco combinaciones de porcentajes de
arena y piedra, las cuales se observan en el Cuadro N° 2.13

CUADRO 2.13

PESO UNITARIO COMPACTADO DE LA COMBINACION

Wiotal (gru+fin) = 50 Kg

Whvasija = 11.8 Kg

Vvasija = 12 pie’
Agreg %
Fino ]Grueso
40 60
45 55
50 50
55 45
60 40

Comb| Fino Grueso W(vasijarmuestra) Wprom] Wmuestraj] P.UC.
Ka) | (Ka) | m1 ] M2 ] m3 | (Kg) (Kg) (Kg/m®)
20.00 30.00 | 38.80 | 39.80 | 39.60 | 39.40 27.60 1949.37
22.50 27.50 | 41.25 | 40.65 | 40.85 | 40.92 29.12 2056.49
25.00 25.00 | 41.20 | 41.30 | 41.10 | 41.20 29.40 2076.50

27.50 22.50 | 4080 | 41.10 | 40.90 | 40.93 29.13 2057.67
30.00 20.00 | 40.40 | 39.95 | 40.35 | 40.23 28.43 2008.23

a|lh_|jwN][—~

Para toda las combinaciones tomamos como base 50 kilos del total de la mezcla
obteniendo pesos para el agregado fino y el agregado grueso de acuerdo a los
porcentajes correspondientes, para cada combinacion se realizaron tres muestras
obteniendo un peso promedio de la muestra y posteriormente el peso unitario compactado

Para obtener el mayor P.U.C. se realiza una grafica de %Agregado Fino vs P.U.C.

para cada combinacion segun el cuadro N° 2.14

La grafica N° 2.2 muestra el maximo P.U.C. y su respectivo %Agregado Fino
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CUADRO 2.14
%A.F. PUC
40 1949.37
45 2056.49
50 2076.50
55 2057.67
60 2008.23
GRAFICA 2.2

ENSAYO DE MAXIVA COVIPACTACION DEL AREGADO GLOBAL

2100.00

P.U.C.max

2080.00

] \
]
a1

|

P.U.C. (Kg/m3)

r 50%
1940.00 Y
35 40 45 50 85 60 65
% Agregado Fino
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En el Grafico N° 2.2, observamos que la relacion de 50% de piedra y 50% de
arena son los que tienen mayor peso unitario compactado; como sabemos este método

de compacidad es una aproximacion a la optima relacién arena piedra.

2.3.2 METODO DE LA RESISTENCIA MAXIMA

Del grafico de puede observar que para 50% de arena y 50% de piedra en peso,
se obﬁene el mayor peso unitario compactado de la combinacién de agregados. Este es el
primer indicador de los porcentajes de agregados en la mezcla pero no es el definitivo,
debiéndose verificar la maxima resistencia en estos intervalos de combinacion de
agregado global + 3%.

A fin de lograr la proporcién optima del Agregado Global, habra que observarse las
principales propiedades del concreto, que satisfagan las condiciones de trabajabilidad y
resistencia. Para ello se realizara tres mezclas de prueba, considerando un asentamiento
de 3-4”, las cantidades de agua y relacion (a/c) = 0.65 constante.

En total se prepararon tres probetas para cada relacion arenal/piedra, para
finalmente sacar un promedio; se curaron por espacio de 7 dias y se procedi6é a ensayar
en la maquina de compresién obteniéndose los resultados mostrados en el Cuadro N°
215

CUADRO N° 2.15

RESISTENCIA DEL CONCRETO A LOS 7 DIAS

% AF. | MUESTRA | Diametro | Area {cm2) | Carga fc
M -1 14.90 174.00 30200 173.56
47% M-2 14.90 174.00 33400 191.95
M-3 14.80 172.00 31800 184.88
fc= 18347
M -1 14.90 174.00 32400 186.21
50% M-2 14.90 174.00 33400 191.95
1 M-3 14.90 174.00 33000 189.66
fc=  189.27
M - 1 14.90 174.00 31400 180.46
53% M-2 14.80 172.00 33800 196.51
M-3 14.80 172.00 32400 188.37
fc= 18845
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Con los datos obtenidos se procede a realizar la curva de ensayo de resistencia a
la compresion a los 07 dias como muestra la grafica N° 2.3

GRAFICAN°23
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En el Grafico N° 2.3 observamos que la relacién de 51% de arena y 49% de

piedra, tiene mejor resistencia que las otras tres.
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Por lo tanto a partir-de estos porcentajes y a paﬁir de las granulometrias parciales
de arena'y piedra se elabora la granulometria del agregado giobal.

En el Cuadro N° 2.16 y Grafico N° 2.4 se muestra los detalles de calculo y el

analisis granulométrico del agregado global respectivamente.

CUADRO N°2.16
GRANULONETRIA
Norma : Huso Din 1045
Cantera: Gloria
Muestra: 50 kg
Tamiz % Retenido Acumulado
Fino | Grueso | 51%Fi+49%Gr
1" ' 0.00 0.00
3/4" 2228 | 1092
12" 65.01 31.85
3/8" 91.09 4463
1/4" 99.60 48.80
N°4 | 057 | 100.00 49.29
N°8 1 21.13 59.78
N° 16 | 45.27 72.09
N° 30 | 63.50 81.39
N°50 | 80.33 89.97
N°100] 9047 | 9514
"1 FONDO] 100.00 100.00
TOTAL

Médulo de Finura:  Suma%AR(1 1/2",3/4",3/8",N°4,N°8,N°16,N°30,N°50,N°100) / 100

MF.= 5.03
En consecuencia la relacién porcentual optima agregado fino sera 51% y del

grueso 49% con la cual trabajaremos para los disefios de mezclas respectivos.

En este item solo se mostré los resultados de los ensayos a compresiéon del
concreto, mas adelante se explicard con mayor detalle el disefio de mezclas (Capitulo N°

06).
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3.1 GENERALIDADES
Se sabe que el agua es el elemento indispensable para la hidratacién del cemento
y el desarrollo de sus propiedades, por lo tanto este elemento debe cumplir con ciertos

requisitos para llevar a cabo su funcién en la combinacién quimica.
El agua de mezcla tiene tres funciones principales:

Reaccionar con el cemento para hidratarlo.
Actuar como lubricante para contribuir a la trabajabilidad del conjunto y
Procurar la estructura de vacios necesaria en la pasta para que los productos de

hidratacién tengan espacio para desarrollarse.

Por lo tanto la cantidad de agua que interviene en ia mezcla de concreto es
normalmente por razones de trabajabilidad, mayor de lo necesario para la hidratacién del

cemento.

El problema principal del agua reside en las impurezas y la cantidad de estas, que
ocasionan reacciones quimicas que alteran €l comportamiento normal de la pasta de

cemento.

Una regla empirica que sirve para estimar si determinada agua sirve para
emplearse en la produccion de concreto, consiste en establecer su habilidad para el

consumo humano ya que si no daia al hombre no dafia al concreto.

En este sentido es interesante distinguir el agua potable en términos de los
requerimientos nominales establecidos por los organismos que regulan su produccion y
uso ya que los requerimientos aludidos son mas exigentes de lo necesario.
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3.2 PRINCIPALES REQUISITOS A CUMPLIR

La Norma NTP 339.088 establece como requisitos para agua de mezcla y curado:

CUADRO N°3.1
DESCRIPCION LIMITE PERMISIBLE
Solidos en suspension 5000 ppm maximo
Matria organica 3 ppm maximo
Carbonatos y bicarbonatos alcalinos 1000 ppm maximo
Sulfatos 600 ppm maximo
Cloruros 1000 ppm maximo
PH Entre 5.5y 8.0

Existe evidencia experimental que el empleo de agua con contenidos individuales
de cloruros, sulfatos y carbonatos sobre las 5000 ppm, ocasionan reduccién de
resistencias hasta del orden del 30% con relacién a concretos con agua pura.

La materia organica por encima de las 1000 ppm reduce resistencia e incorpora

aire.

El criterio que establece la Norma NTP 339.088 y el Comité ACI-318 para
determinar la habilidad de determinada agua para emplearse en concreto, consiste en
preparar cubos de mortero de acuerdo con la norma ASTM C-109, usando el agua
dudosa y compararlos con cubos similares elaborados con agua potable. Si la resistencia
en compresion a 7 y 28 dias de los cubos con el agua en prueba no es menor del 90% de
la de los cubos de control, se acepta el agua como apta para su uso en concreto.

Como dato interesante es una evidencia que en el Peri muy pocas “aguas
potables” cumplen con las limitaciones nominales indicadas, sobre todo en lo que se
refiere al contenido de sulfatos y carbonatos, sin embargo sirve para el consumo humano
y consecuentemente para el concreto, por lo que no debe cometerse el error de
establecer especificaciones para agua que luego no se puede satisfacer en la practica.

No existe un patrén definitivo en cuanto a las limitaciones en composicion quimica
que debe tener el agua de mezcla, ya que incluso aguas no aptas para el consumo
humano sirven para preparar concreto y por otro lado depende mucho del tipo de cemento

y las impurezas de los demas ingredientes.
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Los efectos perniciosos que pueden esperarse del agua de mezcla con impurezas
son: retardo en el endurecimiento, reducciéon de la.resistencia, manchas en el concreto
endurecido, eflorescencias, contribucion a la corrosion del acero, cambios volumétricos,
etc.

3.3 AGUA A UTILIZAR

El agua empleada en la presente Tesis para todas las mezclas realizadas es el
agua potable, por lo tanto cumple con los requisitos establecidos en la Norma INTINTEC
339.088.

3.4 AGUA PARA CURADO

En general, el agua que es adecuada para mezcla también lo es para curado. Sin
embargo, el hierro y la materia organica pueden ocasionar manchas, especialmente si el
agua fluye lentamente sobre el concreto y se evapora con rapidez. En algunos casos la
decoloracién es insignificante y cualquier agua adecuada para mezcla, incluso de calidad
ligeramente menor, es adecuado para curado. Sin embargo es esencial que esté libre de
sustancias que ataquen al concreto endurecido, por ejemplo el CO, libre. El fluir de agua
pura, proveniente de deshielo o de condensacion, con poco CO- , disuelve el Ca(OH). y

provoca erosion de la superficie.

3.5 ATAQUE POR AGUA DE MAR

El agua marina contiene suifatos y puede esperarse que ataqgue al concreto, esto
por lo general no causa la expansion del concreto. La explicacién reside en el hecho de
que el yeso y la estringita son mas solubles en la solucién del cloruro que en el agua, lo
que significa que pueden extraerse con mayor facilidad por el agua marina. En
consecuencia, no hay fractura sino sélo un pequefio incremento en la porosidad y, por

tanto, una disminucién en la resistencia.

También la expansion puede producirse como resultado de una presion ejercida

por la cristalizacion de sales en los poros del concreto.

El concreto entre marcas de marea y sometido a secado y humedad alternantes es

atacado severamente, mientras que el concreto que permanece inmerso es menos
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atacado. Sin embargo, el ataque por agua de mar es disminuido por el bloqueo de los
poros en el concreto ocasionados por el deposito de hidréxido de magnesio.

En algunos casos, la accion del agua de mar en el concreto se acompaia por la
accion destructiva del congelamiento, el impacto de las olas y la abrasién. Un dafio
adicional puede ser el causado por la ruptura del concreto que rodea el acero de refuerzo
que se ha corroido debido a la accién electroquimica establecida por la absorcién de

sales que hace el concreto.
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41 GENERALIDADES

El concreto de fibra reforzada es concreto hecho con cemento hidraulico, que
contiene agregado fino, grueso, y fibras discontinuas. Las fibras pueden ser de material
natural (asbestos, henequén, celulosa) o un producto manufacturado como vidrio, acero,
carbén y polimero (polipropileno).

La pasta del cemento hidratado y del concreto es un tanto fragil. El propdsito de
reforzar la matriz de cemento base con fibras, es incrementar la resistencia a la tensién al
retardar el crecimiento de grietas y aumentar la energia total absorbida antes de la
separacion total del espécimen al trasmitir esfuerzo a través de la seccion agrietada, por
lo que es posible una deformacibn mucho mayor mas alld del esfuerzo pico sin

reforzamiento con fibra.

La cantidad de fibra usada es de 1 a 5% por volumen, y para darles efectividad
como refuerzo de la resistencia a la tension, elongacién a la falla, y méduio de elasticidad,
las fibras necesitan tener sustancialmente mas altas las propiedades correspondientes de

la matriz.

Un parametro usado para caracterizar una fibra es la proporcidon adimensional,
definido como' diametro equivalente que es la relacién entre la longitud de la fibra dividido
por su diametro. El rango tipico varia de 30 a 150 para longitud de dimension de 6.35 mm

a76.2 mm.
Los diametros de los tipos de fibras son:
- Acero :0.2520.80 mm

- Vidrio : 0.005 a2 0.015 mm
- Polipropileno : 0.002 a 0.40 mm.
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4.2 CLASIFICACION DE LAS FIBRAS
El uso de la Fibras no es algo desconocido asi tenemos la preparacién del adobe
con adiciones de paja. Las fibras empleadas en el concreto son elementos discontinuas

Las fibras actualmente empleadas pueden ser minerales, como las de asbesto y
vidrio; organicas como las de algodén, poliéster, polipropileno y nilon; y metélicas,
concretamente las de acero. Se han llevado a cabo experimentos satisfactorios con fibra
de vidrio, filamentos cortos de polipropileno vy fibras de acero usadas como refuerzo
integral, dispersados aleatoriamente, investigando una cantidad de usos para evaluar la
utilidad de los diferentes tipos de fibras y las diferentes caracteristicas que pueden

impartir al material en conjunto.

4.21 FIBRA DE VIDRIO

Las fibras de vidrio estan sustituyendo, en sus aplicaciones, al asbesto, pero solo
hasta hace poco se ha contado con esta fibra; a pesar de su inclusion satisfactoria en
concretos y morteros, usando las técnicas tradicionales de moldeo se han experimentado
dificultades al incluir suficiente fibra de vidrio en el concreto lanzado para mejorar algunas
propiedades fisicas. Sin embargo, puede decirgse que se continua experimentando y que

se han encontrado logros alentadores.

El concreto reforzado con fibra de vidrio se emplea para paneles decorativos
prefabricados (planos o con forma) y para fachadas con propésitos arquitectonicos o de

revestimientos.

En la figura 4.1 se muestra la fibra de vidrio
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FiG. 4.1 FIBRA DE VIDRIO

4.2.2 FIBRA DE POLIPROPILENO
Son unos filamentos de gran resistencia estos filamentos contienen mono
filamentos de polipropileno virgen al 100% .

El concreto lanzado usando fibra de polipropileno fue primero usado en Europa en
1968. Fue hasta finales de los 80’s que se comenzaron a utilizar. Se usan con longitudes
de2a4cm.

Las fibras de polipropileno pueden introducirse en mayor proporcioén en la mezcla
en funcién del volumen. Cuando es mezclado dentro del concreto los atados de fibra se
abren y se separan en filamentos individuales en diferentes direcciones.

4.2.3 FIBRA DE ACERO
Las Fibras metalicas, concretamente las de Acero son las que mas se emplean en
el refuerzo del concreto.

La fibra de acero es fabricada por lo menos en tres procesos
a) Corte en frié del alambre,
b) Divisién en hojas de acero
c) Extraccién de una depésito de acero derretido
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El mas comun consiste en fabricarlas por corte .
El diametro de los alambres esta comprendido entre 0.25 y 0.80 mm.
La longitud de la fibras puede ser muy variable oscilando entre 10 y 75 mm.

A efectos de comparacién de unas fibras, con respecto a otras se ha establecido
un parametro numérico denominado didmetro equivalente, definido como la longitud de la
fibra dividido por su diametro. Los aspectos normales oscilan entre 30 y 150.

Para que cada fibra sea efectiva esta debe estar completamente embebida dentro
de la mezcla; esto obliga a que la proporcidn de elementos finos a gruesos tenga que ser

la adecuada.

Cualquiera sea el método utilizado para el mezcla se debe obtener una dispersion
uniforme de las fibras y eliminar los peligros de segregacién y de formacién de bolas o
"erizos” de fibras, que esta relacionado con muchos parametros, principalmente con el
aspecto, el porcentaje de fibras, tamafio maximo del agregado grueso, granulometria,

relacion agua/cemento y sistema de mezclado.

A continuacién se muestra en la figura 4.2, los diferentes tipos de Fibras de Acero,
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FIG. 4.2 TIPOS DE FIBRAS DE ACERO

FIBRAS ONDULADAS Fig.(a)

FIBRAS ONDULADAS Fig.(b)
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FIBRAS LISAS Fig.(c)

FIBRAS LISAS Fig.(d)
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FIBRAS LISAS Fig.(e)

FIBRAS LISAS Fig.(f)
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FIBRAS LISAS Fig.(g)

FIBRAS CORRUGADAS Fig.(h)
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4.3 FIBRA DE ACERO INSONEX
431 DESCRIPCION

Las fibras de acero Insonex, son pequefios segmentos ondulados de
longitud 40 mm, didmetro 0.80 mm, didmetro equivalente igual a 50 y otras

caracteristicas de dimensién que se muestra en el siguiente cuadro. En la figura 4.4
se muestra la geometria de la fibra.

Forma Ondulada
Diametro D =0.80 mm
Longitud L =40 mm
Altura de la onda w = 0.65 mm
Longitud de la onda 1 =5 mm
Resistencia minima a la traccién del alambre R=76.5 kg/mm2

FIG. 4.4 FIBRA DE ACERO INSONEX

L=40mm
I 1
(=5mm d=0.8mm

En la figura 4.5 se muestra el mezclado de la fibra, en la figura 4.6 concreto con
fibra de acero Insonex y en la figura 4.7, figura 4.8 y figura 4.9 algunas aplicaciones.
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A

FIG. 4.5 MEZCLADO DE LA FIBRA

FIG. 4.6 CONCRETO CON FIBRA DE ACERO
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FIG. 4.7 CONCRETO CON FIBRA DE ACERO EN VIGAS

R

i
:
£
£
i

FIG. 4.8 FIBRA DE ACERO EN PAVIMENTOS
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FIG. 4.9 APLICACIONES ADICIONALES

CAMARA FRIGORIFICA

ESTACIONAMIENTO DE AVIONES
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PISOS INDUSTRIALES
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5.1 GENERALIDADES

El concreto es basicamente una mezcla de dos componentes: Agregado y pasta.
La pasta, compuesta de Cemento Pértland y agua, une a los agregados (arena y grava o
piedra triturada) para formar una masa semejante a una roca pues la pasta endurece
debido a la reaccién quimica entre el Cemento y el agua. Hoy en dia esta definicién
abarca una amplia gama de productos; hay concretos hechos con diferentes tipos de
cementos: puzolana, ceniza, escoria de alto horno, aditivo, sulfuro, ingredientes para
mezcla, polimeros y fibras, entre otros.

Los agregados géneralmente se dividen en dos grupos: finos y gruesos. Los
agregados finos consisten en arenas naturales o manufacturadas con tamanos de
particula que pueden llegar hasta 10mm; los agregados gruesos son aquellos cuyas
particulas se retienen en la malla No. 16 y pueden variar hasta 152 mm. El tamafio
maximo de agregado que se emplea cominmente es el de 19 mm o el de 25 mm.

La pasta esta compuesta de Cemento Pértland, agua y aire atrapado o aire
incluido intencionalmente. Ordinariamente, la pasta constituye del 25 al 40 % del volumen
total del concreto. El volumen absoluto del Cemento esta comprendido usualmente entre
el7yel 15 % y el agua entre el 14 y el 21 %. El contenido de aire y concreto con aire
incluido puede llegar hasta el 8% del volumen del concreto, dependiendo del tamafio

maximo del agregado grueso.

Como los agregados constituyen aproximadamente el 60 al 75 % del volumen total
del concreto, su seleccion es importante. Los agregados deben consistir en particulas con
resistencia adecuada asi como resistencias a condiciones de exposicién a la intemperie y
no deben contener materiales que pudieran causar deterioro del concreto. Para tener un
uso eficiente de la pasta de cemento y agua, es deseable contar con una granulometria

continua de tamarios de particulas.

La calidad del concreto depende en gran medida de la calidad de la pasta. En un
concreto elaborado adecuadamente, cada particula de agregado esta completamente
cubierta con pasta y también todos los espacios entre particulas de agregado.
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5.2 VENTAJAS Y PROPIEDADES DEL CONCRETO

Para cualquier conjunto especifico de materiales y de condiciones de curado, la
cantidad de concreto endurecido esta determinada por la cantidad de agua utilizada en la
relacion con la cantidad de Cemento. A continuacién se presentan algunas ventajas que

se obtienen al reducir el contenido de agua:

a) Se incrementa la resistencia a la compresién y a la flexion.

b) Se tiene menor permeabilidad, y por ende mayor hermeticidad y menor absorcion.
c) Seincrementa la resistencia al intemperismo.

d) Se logra una mejor unién entre capas sucesivas y entre el concreto y el esfuerzo.
e) Se reducen las tendencias de agregamientos por contraccion.

Entre menos agua se utilice, se tendra una mejor calidad de concreto — a condicién
que se pueda consolidar adecuadamente. Menores cantidades de agua de mezclado
resultan en mezclas mas rigidas; pero con vibracién, a un las mezclas mas rigidas pueden
ser empleadas. Para una calidad dada de concreto, las mezclas mas rigidas son las mas
econdémicas. Por lo tanto, la consolidacion del concreto por vibracién permite una mejora

en la calidad del concreto y en la economia.

Las propiedades del concreto en estado fresco ( plastico) y endurecido, se pueden
modificar agregando aditivos al concreto, usualmente en forma liquida, durante su

dosificacién. Los aditivos se usan cominmente para:

a) Ajustar el tiempo de fraguado o endurecimiento
b) Reducir la demanda de agua

c) Aumentar la trabajabilidad

d) Incluir intencionalmente aire

e) Ajustar ofras propiedades del concreto.

Después de un proporcionamiento adecuado, asi como, dosificacion, mezclado,
colocacién, consolidacion, acabado, y curado, el concreto endurecido se transforma en un
material de construccién resistente, no combustible, durable, resistencia al desgaste y
practicamente impermeable que requiere poco o nulo mantenimiento. El concreto también
es un excelente material de construccién porque puede moldearse en una gran variedad
de formas, colores y texturizados para ser usado en un numero ilimitado de aplicaciones
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5.3 MEZCLA COLOCACION Y COMPACTACION DEL CONCRETO
531 MEZCLADO

Esta operacion de mezclado consiste en la rotacion o batido, con el propésito de
cubrir la superficie de todas las particulas del agregado con la pasta de cemento y
mezclar todos los ingredientes del concreto en una masa uniforme; esta uniformidad no
debe afectarse durante el proceso de descarga de la mezcladora.

El tamafio de una mezcladora se define por el volumen de concreto que produce
después de la compactacion, diferente del volumen en los ingredientes no mezclados en
un estado suelto, el cual es hasta 50% mayor que el volumen compactado. Las
mezcladoras se fabrican en una variedad de tamafios desde 0.04 m® para uso de
laboratorio hasta de 13 m® . Si la cantidad mezclada representa solo una pequeiia fraccién
de la capacidad de la mezcladora, la operacion resultara antieconémica y la mezcla
resultante puede no quedar uniforme, por lo que esta es una mala practica. Sobrecargar
la mezcladora hasta 10% mas, generalmente es perjudicial, pero si se sobrepasa no se

lograra una mezcla uniforme.

No hay un orden en que se alimenten loa ingredientes dentro de la mezcladora, ya
que dependen de las propiedades de esta y de la mezcla. Generalmente se introduce una
pequena cantidad de agua, seguida de todos los demas sdlidos, de preferencia
alimentados de manera uniforme y simultdnea. La mayor parte del agua debera
introducirse al mismo tiempo, dejando el resto para agregar después de los sdlidos.

Para realizar este trabajo de investigacion se procedié en el orden siguiente:
Primeramente se introdujo una pequena cantidad de agua debido a que la mezcladora
absorbe y no afecte el agua de diseno, posteriormente se adiciono el agregado grueso y
agregado fino dejando que se mezclen por unos segundos, luego en pleno movimiento
de la mezcladora esparcir la fibra evitando que estas se junten, para que exista
uniformidad en la masa de concreto, luego se adiciona una cierta cantidad del agua de
disefio y posteriormente el cemento, el resto del agua se ira afiadiendo hasta lograr que la
masa de concreto tenga aceptacidn para encontrar un valor en el rango de la

trabajabilidad con la medida del asentamiento.
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El tiempo 6ptimo de mezclado depende del tipo y tamafio de la mezcladora, de Ia
velocidad de rotacion y de la calidad de los materiales al cargar la mezcladora. Por Io
general un tiempo de mezclado de menos de 1 1 % min produce una no uniformidad en la
composicion y una resistencia menor; el mezclado por mas de 2 min no causa una
mejoria significativa en estas propiedades.

En la tabla 5.1 se proporcionan los valores tipicos de tiempo de mezclados para
mezcladoras de diferentes capacidades. El tiempo de mezclado se calcula desde el
momento en que todos los materiales sélidos han sido ingresados en la mezcladora; el

agua debe agregarse a mas tardar, después de un cuarto del tiempo total de mezclado.

TABLA 5.1

CAPACIDAD DE LA TIEMPO DE
MEZCLADORA (m°) MEZCLADO (min)

0.8 1

15 11/4

2.3 11/2

3.1 . 13/4

3.8 2

46 , 2 1/4

7.6 ' 31/4

5.3.2 COLOCACION Y COMPACTACION

La colocacién y compactacién son operaciones interdependientes y se llevan a
cabo en forma casi simuitanea. Son de gran importancia por el propdsito de asegurar los
requerimientos de resistencia, impermeabilidad y durabilidad del concreto endurecido.

El objetivo de la colocacién es depositar el concreto tan cerca de su posicion final,

evitando la segregacion y permitiendo su compactacion completa.

El propésito de la compactacion es remover todo el aire atrapado que sea posible,
para que el concreto endurecido tenga un minimo de vacios. El concreto de revenimiento
bajo contiene mas aire atrapado que el de revenimiento alto y por lo tanto el primero
requiere mas esfuerzo para compactarse satisfactoriamente. Este esfuerzo lo provee
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principaimente el uso de vibradores, cuyo proceso consiste basicamente, en la
eliminacion de aire atrapado y en forzar a las particulas a una configuracién mas estrecha.
Las mezclas muy secas y espesas pueden hacerse vibrar satisfactoriamente y, en
comparacion con la compactacion manual, alcanzan la resistencia deseada dada con un
menor contenido de cemento. Esto significa ahorro en costo, aunque debemos compensar
el costo del equipo de vibracion y de un encofrado mas pesado y resistente De cualquier
modo el costo de mano de obra probablemente seré el factor decisivo, en lo que a costos
se refiere.

Tanto la compactacion manual como por vibrador pueden producir concreto de
buena calidad, contando con mezcla y mano de obra adecuadas. Igualmente con ambos
métodos pueden producir mal concreto: en el concreto de apisonado a mano, la mano
compactacién es un error coman, mientras que en caso de una vibracion incorrecta o
sobrevibracion, se dara una compactaciéon no uniforme y se ocasionara separacion; esta
uitima se puede evitar empleando una mezcla espesa y bien graduada.

La consistencia especificada de la mezcla determinara la eleccion del vibrador.
Para una compactacién eficiente, la consistencia del concreto y las caracteristicas del

vibrador disponible deben corresponderse mutuamente.

5.4 CONCRETO LANZADO
5.41 GENERALIDADES
El concreto con agregado fino es conocido como GUNITE y cuando incluye

agregado grueso se designa como SHOTCRETE.

El Shotcrete usando la fibra de acero fue primero practicado en Norteamérica a
comienzos de 1971 en un trabajo experimental bajo la direccién de D. R. Lankard .
demostré que la fibra de acero era muy compatible con el concreto lanzado ya que mejora
su resistencia, ductilidad y su capacidad de carga, aunque su uso indiscriminado genera
concreto lanzado fragil debido a que esta ocasiona problemas de bloqueo. Su forma y
dimensiones han cambiado considerablemente bero las mas usuales son de 25 a 40 mm
de longitud, incrementando el peso en rangos de 30 a 80 kg/m°. Ensayos adicionales
fueron realizados bajo 1a direccién de M. E. Poad por la Oficina de Minas de los U. S. en

una investigacion de nuevo y mejorado método para el uso del Shotcrete para soportes
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subterraneos. Subsecuentemente, R. A. Kaden de la Corporacion de Ingenieros de la U.
S. supervisé la primera aplicacion practica de fibra de acero en un tinel en Ririe Dam,
Idaho, en 1973. Desde ese tiempo, el concreto reforzado con fibra de acero ha sido
puesto en practica en Alemania, Suiza, Inglaterra, Noruega, Finlandia, Holanda, Polonia,

Africa del Sur, Australia, Canada y Japén

El' Gunitado, utilizando fibras de acero inoxidable, es una técnica frecuente
actualmente en los revestimientos refractarios de industrias metalargicas, de cementos y
petroquimicos. El utilizar fibras de inoxidables tiene como finalidad evitar las fuertes
corrosiones que se producirian en fibras normales, al estar sometidos a atmésferas tan

agresivas como las que suelen existir en los hornos.

En la actualidad se estima que el Gunite se utiliza en el 45% de los casos y el
Shotcrete en el 55%, teniendo entre ambos una produccién estimada de 8 millones de m3
por aino en todo el mundo, la cual esta en constante crecimiento.

La méas reconocida definicion de CONCRETO LANZADO ( Shotcrete, Gunite ) es
la sefialada por el AMERICAN CONCRETE INSTITUTE (ACI). Ellos han tomado el
liderazgo al establecer comités técnicos asi como especificaciones y publicaciones sobre
esta materia. (ACl 506 de 1983 con actualizaciones en 1990 y 1994). "CONCRETO
LANZADO es un mortero o concreto transportado a través de una manguera y proyectado

neumaticamente a alta velocidad sobre una superficie".

Pudiendo ser dicha superficie: concreto, piedra, terreno natural, mamposteria,

acero, madera, poliestireno, etc.

Se considera que si la mezcla a lanzar cuenta sélo con agregados finos se llama

Mortero Lanzado y si los agregados son gruesos se denomina Concreto.

Hay dos clasificaciones de concreto lanzado: seco ( al que se le aiade el agua en
la boquilla) y hiimedo (al que el agua se le afiade antes de entrar por la manguera).

El concreto conducido a través de tuberia de acero y que no es proyectado ni
transportado a altas velocidades se conoce como concreto bombeado.
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5.4.2 DIFERENCIA DEL CONCRETO LANZADO Y EL. CONCRETO
- TRADICIONAL
A diferencia del concreto convencional, el cual es colocado y luego compactado
(vibrado) en una segunda operacion, el Concreto Lanzado es colocado y compactado al
mismo tiempo, debido a la fuerza con que es proyectado desde la boquilla.

Ventajas del Concreto Lanzado sobre el Concreto Tradicional

a) Disefio de formas libres.

b) Eliminacién de cimbras y de tiras de corte.

c) Alta calidad de concreto: Alto contenido de cemento, baja relacién agua-cemento,
concreto denso de alta resistencia, baja permeabilidad, ideal para estructuras de
pared delgada.

d) Construccion eficiente en grandes areas con paredes esbeltas.

e) Terminados agradables.

f) Acceso a sitios dificiles ya que se pueden alcanzar 300 m. horizontales y 100 m.
verticales.

g) Disminucion de grietas por temperatura.

h) Facilidad de unién entre diferentes capas.

5.4.3 TIPOS DE CONCRETO LANZADO
5.4.3.1 CONCRETO LANZADO EN SECO
Equipo
Existen equipos que realizan este proceso entre los mas usados estan:

Suministradora y mezcladora en transito, es usada solo para concretos sin aditivos
u otros materiales. Batido en el lugar, es el mas usado de los métodos de mezclado y
suministro de mortero, a demas se reduce el tiempo entre la elaboracién y el uso del
mismo, aunque es el menos industrializado es el mas eficiente por su versatilidad,
pudiendo hacerse el proporcionamiento por peso o por volumen, se presentan en

modalidades fija y moévil.

En este proceso se utilizan:
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a) Una Lanzadora para concreto en seco.

b) Maquina con camara de presion, maquina tipo tornillo, maquina tipo rotor y
lanzadoras automaticas.

¢) Una mezcladora de mortero.

d) Un compresor.

e) Una bomba de agua.

f) Una planta generadora de electricidad.

La boquilla en el proceso de lanzado en seco tiene un papel predominante ya que es

la zona donde se impregna el mortero con el agua. La mas comun es un tubo de

plastico con valvula reguladora del ingreso del agua, la boquilla durante el lanzado se

mueve de forma pausada circularmente u elipsoidalmente, si el lanzador no cuenta

con la experiencia adecuada redundara en el incremento del rebote.

Niateriales

Los materiales usados en el concreto lanzado son basicamente los mismos que
los utilizados en el concreto bombeable, cemento, agregados inertes finos, agua, aditivos
y a partir de los 80s se empezaron a utilizar fibras de acero y polipropileno, ceniza

volcanica, cementos especiales, humos de silice, etc.

Materiales cementantes
Antes de los 80s todo el cemento usado era del tipo Pértland, pero a partir de esta
fecha se comenzaron a utilizar otros como el que contenia alimina en aplicaciones

refractarias, el puzolanico para condiciones con sales, etc.

Los agregados tienen que tener granulometria fina porque de lo contrario se
incrementaria el rebote y el taponamiento del equipo. Los agregados mas utilizados son
los de origen en rios o marinos, el peso del mortero es muy bajo anda alrededor de 500
kg/m3. El tamafio maximo de los agregados es del orden de los 10 mm (3/8").
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Materiales suplementarios a los cementantes

Humos de silice es el desarrollo mas importante en el concreto lanzado durante los
70’s, siendo los noruegos los pioneros en el campo. Se utilizan en rangos de 7 al 15% en
peso de cemento junto con aditivos reductores y superfluidizantes en 10% en peso.

Mediante su uso se generan los siguientes resultados en la mezcla:

Incremento de Ia adhesion y la cohesién, uso de espesores mayores sin
necesidad de aditivo acelerante, incremento de resistencia a flexién y a compresion,
disminuye el rebote, incremento de Ia resistencia a las sales y a los ataques quimicos,

incremento de la impermeabilidad, se utiliza por igual en ambos tipos de lanzado.

Aditivos
Acelerantes.- tradicionalmente los aditivos acelerantes han sido los mas usados en los

procesos en seco, en virtud de poder incrementar el espesor del lanzado.

Los inclusores de aire.- se usan en mezclas para mejorar la durabilidad, practicamente
no se usan en mezclas en seco, cuando ocasionaimente se usan se mezclan con el agua
y se aplican en la boquilla aumentando la resistencia a los ataques quimicos.

Fibra de refuerzo
Fibra de acero
Fibra de polipropileno

Persona

La distribucién del personal se hara basicamente en dos cuadrillas, donde la
primera se encargara de la elaboracion del mortero asi como el suministro del mismo en
la lanzadora, la segunda en cambio se dedicara al lanzado propiamente dicho. El personal
que conforma las cuadrillas es el siguiente: Un sobrestante, un lanzador, un asistente del
lanzador, un operador del compresor, un operador de la compresora, un operador de la

lanzadora, un operador de la mezcladora asi como por varios peones

E!l sobrestante es el supervisor, organizador y encargado del buen funcionamiento
de las cuadrillas en lo individual y del proceso en lo general, siendo capaz de la toma de
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ciertas decisiones evitando que los imprevistos generen retrasos sustanciales en los
programas de obra preestablecidos, siendo a la vez el lider emocional del equipo.

El lanzador debe ser una persona con un grado de capacitacion y sensibilidad en
la tecnologia del concreto, ya que esto nos redundara en la optimizacién de los procesos
a realizar

El operador de la lanzadora es el responsable deé proporcionar el mortero en las
cantidades requeridas por el lanzador de forma oportuna permitiendo la eficiencia del

proceso.

El asistente del lanzador debe vigilar el proceso de lanzado puntualizando
oportunamente la existencia de algin elemento o situacién anémala discordante del
proceso previsto, siendo a su vez capaz de cubrir las labores del lanzador.

El operador del compresor debe tener un conocimiento tanto de su equipo como
del resto de la maquinaria involucrada en el proceso de lanzado, permitiéndole ajustar su
equipo a la frecuencia y rendimientos del resto, siendo esto parte fundamental del éxito de
la obra a ejecutar. El operador de la mezcladorg es el responsable de suministrar un
mortero con el proporcionamientd y calidad solicitadas de manera oportuna y constante.

5.4.3.2CONCRETO LANZADO EN HUMEDO
Mezclas en procesos en humedo

Se requiere de un mortero con cemento, agregados finos y gruesos con un
tamafno maximo de %", pudiendo incluir: aditivos, cenizas volcanicas, humos de silice y
fibras de acero y polipropileno. En este proceso la mezcla hiimeda se procesa y se coloca
en una bomba donde por medios hidraulicos se desliza hasta la boquilla donde se
proyecta neumaticamente con velocidades desde los 10 hasta 30m/seg. Siendo posible el

lanzado a 500 m horizontales y 150 m verticales

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
de Fibras de Acero y CPT | Andino”



CAPITULO 5 CONCRETO 68

5.44 PROPIEDADES DEL CONCRETO LANZADO
Propiedades plasticas. _

En pruebas con concretos hiimedos reforzados se encontré que el mejor camino
para incorporar fibras en las mezclas es con altos voliimenes de aire 20%, generando
poco rebote 0.2% en muros y 0.5% en losas.

Resistencia a la compresion.

F'c= 140 a 315 kg/cm2. Esta resistencia depende en gran medida de la relacién
agua-cemento, las fibras la incrementan de un 5 a un 21%. Otro factor que influye mucho
en la resistencia es el tiempo el cual llega a sus puntos criticos a los 7 dias donde alcanza
el 75% de la resistencia final y a los 28 dias donde alcanza finalmente. Si se requiere
variacién en estos tiempos se utilizan los aditivos.

Resistencia a la flexion

Siempre se toma como una medida indirecta de la resistencia a la tensiéon del
concreto, con valores de 21 a 35 kg/cm2 siendo los valores mas altos entre 5 y 10 cm
espesor. Si se utilizan relaciones agua-cemento bajas se alcanza hasta 56 kg/cm2 y con
fibras se alcanzan los 70 kg/cm2 qQQ ya es un valor significativo, aunque para cuestiones

Dureza flexionante
Siempre es asociada a la adicién de fibra y es probada por medio de vigas de
acero recubiertas por concreto rico en fibra, dando como resultados valor maximo de 42

kg/cm2.

Resistencia al impacto
También se incremento por medio de fibras metélicas hasta en un 13%

dependiendo del espesor.

Unién de substratos

En procesos humedos se agregan rocas como el granito y sienita variando su
fuerza de unién hasta un maximo de 8.4 kg/cm2. Este proceso se utiliza en tineles. Ya
que después de 24 horas se alcanza una resistencia del concreto de hasta 80%. A demas
si se quiere incrementar esta se puede usar fibra de acero en procesos de mezcla

himeda con granito.
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Tenacidad

Se incrementa al incorporar fibra al concreto lanzado, a demas le da ductilidad,
absorcion de energia, resistencia al impacto y a las grietas. Existen muchos estudios
sobre las fibras y el porcentaje real de tenacidad que afiaden a la mezcla y el resuitado
siempre depende del tipo de fibra por lo que se debe particularizar para cada caso en su

uso segun necesidades especificas.

Permeabilidad

No se puede considerar impermeable ni siquiera el concreto lanzado aunque
tienda a serlo. Se ha encontrado que el uso de humos de silice incrementa
considerablemente esta capacidad en el concreto haciéndolo practicamente impermeable
y esto se prueba con su uso en estructuras marinas nuevas y la reparacion de las
mismas. En rangos de 0.37 a 0.41 m/m2, al agregar humos de silice se obtienen rangos
de 3X10-10 a 3X10-13. Se consideran impermeables desde 1x10-12.

Resistencia a la corrosion de las fibras de acero para concreto lanzado.

Se ha probado que las fibras de buena calidad no dan muchos problemas si son
usadas debidamente, incluso estando en contacto con contaminacioén, ambiente marino, o
ciertos quimicos tardan afnos en danarse y solo se muestran los dafios en concretos con
grictas considerables donde la corrosibn de las fibras aparecera pronto.

Durabilidad

Siempre es un valor resuitado de exponer una muestra de concreto al
congelamiento y descongelamiento de la misma de manera sucesiva, la durabilidad del
concreto en cuanto este es atacado por agentes quimicos en caso de no contener los

aditivos necesarios es muy poca, pero siempre serd mayor que la del concreto

convencional.

Grietas de temperatura y encogimiento

Estas deformaciones son mayores en mezclas en humedo, pero incluso esta
modalidad tiene mayor capacidad de reducir las deformaciones por esta via que el
concreto tradicional, las fibras metdlicas reducen la formacién de grietas y las de
polipropileno el encogimiento por temperatura aunque no deben utiizarse de manera

combinada.
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Absorcion de agua
Esta se incrementa hasta llegar a rangos de 3.5 a 4.7% para fibras metalicas y de
2.6 a 4.0% con humos de silice.

Resistencia a! congelamiento y descongelamiento
Siempre son mas altas en las mezclas en seco debido a la relacién agua-cemento
muy baja y es alrededor del 8% mayor que en mezclas hiimedas.

Corrosion del refuerzo
Depende del espesor, del tipo de concreto y el espesor en contacto con el agua

(siempre mayor a 5 cm.).

Densidad
Puesto que esta colocado bajo presion de aire a alta velocidad el Concreto
Lanzado tiene una densidad de 2240 a 2400 kg./m3 con un-minimo de aire incluido.

Adherencia

El Concreto Lanzado pega perfectamente con superficies limpias y preparadas de
concreto, ladrillo, ceramica, piedra y acero siendo mas fuertes que el propio material
donde fue aplicado, ya que aplicando una fuerza al corte, finalmente fallan los otros

elementos.

Baja relacion agua-cemento
Las excelentes propiedades fisicas del material son debidas a que el agua que
contiene es solo necesaria para satisfacer la hidratacién quimica del cemento.

Resistencia a la abrasion

La resistencia a la abrasion se observé en una prueba realizada a 6 especimenes
de Concreto Lanzado, 6 de Mortero colocado a mano y 6 de Concreto convencional con la
misma proporcién de mezclas, el resultado de desgaste fue el siguiente: Concreto
Lanzado 7%, Mortero 16% y Concreto 11%.
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5.4.4 USOS DEL CONCRETO LANZADO

Las primeras aplicaciones del Concreto Lanzado en estructuras nuevas fue en
construcciones de formas libres, pero con el advenimiento de fibras, nuevos aditivos y
agregados su uso se volvié muy amplio, considerando que es un concreto estructural que
puede alcanzar la resistencia requerida y permitir cualquier tipo de acabado. Su uso tiene

como limite sélo la imaginacién, algunos ejemplos de su aplicacién son:

a) Estructuras de tres dimensiones: domos geodésicos, paraboloides hiperbdiicas,

paraboloides, conos, cupulas, silos.
b) Contenedores de liquidos: albercas, cisternas, tanques, canales.
c) Usos especiales: estructuras refractarias, estructuras resistentes al intemperismo.
d) Recubrimientos: en panel, acero, mamposteria, concreto.

e) Estructuras de retencion: tineles, estabilizacién de taludes, muros de retencién.

f) Reparacidn de estructuras: Existen estructuras que han sido dafiadas por un
sismo, por el fuego, atague de agentes quimicos o bien sub-calculadas, mediante
el Concreto Lanzado pueden ser corregidas. Algunos ejemplos son:

Estructuras darfiadas por sismo o deficiencia de calculo como: edificios, puentes.

Estructuras atacadas por agentes quimicos como: muelles, tanques, canales.

El concreto lanzado reforzado con fibras de acero constituye una solucién durable,
dictil y econdmica para este tipo de aplicaciones. La eliminacién de la malla como
refuerzo en la estabilizacion de taludes, lineamientos para tineles, el proceso de clavado
en terreno, rehabilitaciones y restauraciones, asi como otras aplicaciones de esta especie,
resulta en un decremento en costos y una disminucién de desperdicio obteniendo una

mejor calidad de concreto aplicado a un rango mayor.

En la figura 5.1 se muestra las aplicaciones del concreto lanzado.
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FIG. 5.1 APLICACIONES DEL CONCRETO LANZADO

Concreto Lanzado en Tuneles
Fig (a)

Concreto Lanzado en Estabilizacion de
Taludes
Fig (b)

Concreto Lanzado en Pisos Industriales
' Fig (c)
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Concreto Lanzado en Columnas
Fig (d)

Concreto Lanzado en Muros
de Contencion

Fig (e)

Concreto Lanzado Para
Rehabilitacion

Fig (f)
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6.1 GENERALIDADES

Se entiende como disefio de mezclas a la seleccién mas adecuada y conveniente
de sus componentes como son: agua, cemento y agregados fino y grueso. Estos
componentes de la mezcla se dosifican de manera que, el producto resultante llamado
concreto tenga las caracteristicas y/o requisitos establecidos, tanto en el estado fresco
como en estado endurecido.

a) El concreto en estado fresco debe ser trabajable de tal modo que sea posible su
colocacién y

b) En el estado endurecido debe tener como caracteristicas principales; la resistencia
y la durabilidad adecuadas al propésito que se desea obtener, ademas de cumplir

con las especificaciones técnicas requeridas.

Es importante, que después de que se han elegido los materiales para el concreto
y determinado las dosificaciones su uso debe controlarse cuidadosamente. Este control
en el campo determina la calidad, uniformidad y economia de la obra. Cuanto menor es la
calidad de los ingredientes, mayor es la necesidad de plantear un control mas rigido para
alcanzar una durabilidad satisfactoria y una resistencia uniforme, con lo cual

alcanzaremos a darle la maxima vida (til a la-estructura.

También existe otro factor importante que es el econémico, por lo que la mezcla
) : . .
del concreto ha elaborarse debe ser de calidad con el menor costo posible conjuntamente

a las condiciones principales antes mencionadas.

Hoy en dia, existen varios métodos para lograr un disefio de mezclas de concreto,
ningin método es perfecto, su aplicacion dependerd muchas veces de los logros y
experiencia que el profesional ha obtenido con ellos siempre y cuando no estuviera
obligado a optar por uno de ellos, de acuerdo a las especificaciones técnicas del proyecto.
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6.2 FACTORES QUE DEBEN CONSIDERARSE
RELACION AGUA/ICEMENTO

Para los efectos de estimar las relaciones agua/cemento nos remitimos a las
tablas elaboradas por el ACI-211.1-91, aunque pese a no ser aplicables a nuestra
realidad, nos permite encontrar un punto de inicio conservador y respaldado
cientificamente, posteriormente perfeccionaremos este parametro sobre las bases de las
mezclas de prueba y los resultados practicos.

PROPORCION MINIMA DE CEMENTO

En muchas especificaciones se fija una proporcién minima de cemento. En esta
forma se da proteccién contra los efectos del aumento en la demanda de agua debido al
aumento de temperatura, 0 a los cambios de granulometria en el agregado fino,
asegurandose asi contra las bajas resistencias. Pueden influir en las proporciones
minimas de cemento las caracteristicas de los materiales locales, las condiciones

climaticas, la manera en que se haga el vaciado y la posterior exposicion.

AIRE INCLUIDO

En todos los concretos que vayan a quedar expuestos a la congelacion y fusion
debera usarse aire incluido y puede usarse en condiciones donde la exposicién no sea
muy intensa, para mejorar su manejabilidad. La cantidad de aire para producir la
resistencia adecuada al congelamiento y la fusién depende del tamafo maximo del

agregado.

Cuando se mantiene constante el agua en la mezcla, con la inclusién de aire se
aumenta el revenimiento. Cuando la proporciéon de cemento y revenimiento de mantiene
constantes, se requiere menos agua en la mezcla; la disminucién que resulta en la
relacion agua/cemento ayuda a contrarrestar posibles disminuciones en la resistencia,
originando mejoras en otras propiedades de la pasta, como en la permeabilidad.

SELECCION DEL AGREGADO

En el concreto reforzado, el tamafio maximo del agregado que se puede usar
depende del ancho de la seccion y del espaciamiento del refuerzo, debemos recordar que
si bien las propiedades del concreto mejoran al aumentar el tamafio del agregado, este no
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debe ser mayor de 40 mm (1 %"), por lo que el uso de tamafios mas grandes no es
recomendable.

La cantidad necesaria del agua de mezcla para producir un metro cdbico de
concreto de un revenimiento determinado depende del tamafio maximo del agregado ;
cuanto menor sea el tamafio maximo del agregado, mayor sera la-cantidad de agua. Se
recomienda usar el mayor tamaifio que sea practico en el agregado grueso.

REVENIMIENTO O ASENTANIENTO

Generalmente se usa la prueba de revenimiento o asentamiento como medida de la
consistencia del concreto. No debe usarse para comparar mezclas de proporciones
completamente diferentes, ni mezclas con diferente clase o tamafios de agregados.
Cuando se usa en diferentes muestras de la misma mezcla; los cambios en el
revenimiento indicaran cambios en los materiales, en las proporciones de la mezcla, o en

la cantidad de agua.

6.3 CRITERIO DE DISENO

En el presente trabajo el disefio de mezclas se basa en el criterio de optimizacion
de los materiales, especialfnente del cemento, por ser el de mayor costo, de modo que la
mezcia ha elaborarse sea econdmica. Y para conseguirlo es indispensable realizar una
buena combinacién de agregados de tal manera que dada una relaciéon agua / cemento y
dado un asentamiento, obtener mediante dicha combinaciéon una mezcla de concreto con
la minima dosificacién de cemento y/o maxima resistencia a la compresién en el concreto

endurecido.

6.4 COMBINACION DE AGREGADOS CON MAYOR PESO UNITARIO

El cual consiste en obtener una relacién de agregados que nos permita una optima
mezcla de concreto. Para ello se debe hallar la relacibn que nos proporcione una
combinacién de agregados con maximo peso unitario. Esto es con minima relacién de
vacios, se asegura de este modo la condicién de economia, mas no asi las propiedades
de resistencia y durabilidad, del que posteriormente se analizara un anélisis al disefiar la
mezcla, variando la relacion porcentual evaluando puntos, debajo y encima de alrededor
del mayor valor que se haya obtenido para una optima relacién de agregados, hasta

obtener asi la maxima resistencia a la compresion.
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En el capitulo 2 cuadro 2.13, se muestra el cuadro de resultados de los diversos
porcentajes de agregados con sus respectivos pesos unitarios compactados del agregado

global.

En la grafica 2.2, se puede observar que para 50% de arena y 50% de piedra
(porcentaje en peso), se obtiene el mayor peso unitario compactado. Pero, para una
mejor determinacion del agregado global, se hara el ensayo de la resistencia a la
compresion de 3 probetas a la edad de 7 dias, con un asentamiento de 3 a 4 pulg. Con el
porcentaje de 50% de arena (méaximo peso unitario) y 2 puntos a + 3% debajo y encima
del méaximo obtenido de dicha combinacion, de las cuales se utilizara para el disefio el
punto de mayor resistencia a la compresion. (ver grafico 2.3 del capitulo 2)

6.5 PROPIEDADES FiSICAS DE LOS MATERIALES A EMPLEAR

Debemos tener en cuenta al momento de dosificar cualquier mezcla de concreto,
las propiedades fisicas de los materiales; asi como la combinacion de agregados de con
mayor peso unitario compactado que nos asegure la mayor densidad de mezcla o una
minima proporcién de vacios.
Los datos de los materiales empleados en el disefio de mezcla son los siguientes:

CEMENTO POTLAND TIPO | ANDINO

PESO ESPECIFICO 3.12 grlcm3

CUADRO N° 6.1

RESUMEN DE LAS CARACTERISTICAS FISICAS

. Agregado
Descripcion Und = Groeso
Peso Especifico de Masa gricc 2.643 2.750
Porcentaje de Absorcién % 2.460 0.469
Contenido de Humedad % 1.490 0.267
Tamano maximo Nominal Plg -—- 1"
Combinacion % 51 49
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6.6 SECUENCIA DE DISENO

A continuacion se presenta la secuencia seguida en el disefio de mezcla:

a) Determinacion de la propiedades fisicas de los materiales a emplear.

b) Eleccion de la relacidn agua/cemento en peso. Si estuviéramos en obra se elegiria la
relacion agua/cemento sobre la base de la resistencia a la compresidén requerida o
condiciones de durabilidad.

c) Eleccién del revenimiento o asentamiento segln la consistencia requerida ao las

condiciones de trabajabilidad.
d) Se considera el tamafio nominal maximo del agregado grueso

e) Se determina si la mezcla tendra o no aire incorporado. Se estima el porcentaje de aire
por metro cubico y el volumen absoluto que atrapara el concreto en funcién del Tamaio

Nominal Maximo del agregado grueso.

f) Se establece la cantidad de agua por metro clbico en funcién del Tamafio Nominal
Maximo del agregado, del asentamiento y considerando si la mezcla tiene aire atrapado o

incorporado. Esto se establece de las tablas del ACI.

g) Se calcula cantidad de cemento en peso, basandose en la relaciéon agua/cemento y la

cantidad de agua a emplear por metro clibico de concreto.

Peso del agua (Kg)
Relacion agua/cemento

Cemento(Kg) =

h) Calculo de los volimenes absolutos del agua y cemento:

Peso del Agua (Kg)
Peso Especifico Agua (Kg/m®)

Volumen Absoluto del Agua (m°)

Peso del Agua (Kg)
Peso Especifico Agua (Kg/m?)

Volumen Absoluto del Cemento (m®)
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i} Después de conocer los volimenes que ocupan el agua, cemento y aire atrapado; se
procede a calcular el volumen, que ocuparan los agregados para un metro cubico de
concreto.

Vol. Abs.Agreg(ma) =1 - (Vol.Cemento+Vol. Agua+Vol. Aire Atrapado)

i) Ahora se calcula el volumen de los agregados fino (vf) y grueso (vg) sabiendo que:

Vf+Vg=" Vol Abs. Agregados U |

P.E. (Fino) x Vf RO |

% Ag.Fino =
o Ag.FINO P.E. (Fino) x Vf + P.E. (Grueso) x Vg

Resolviendo | y Il se hallan los volimenes de los agregados fino (Vf) y (Vg).

k) Luego se calcula los pesos secos de los agregados:
Peso seco Arena (Kg) = Vol. Ag. Fino(m?) x P.E. de la arena (Kg/ m®)
Peso seco Piedra (Kg) = Vol. Ag. Grueso(m®) x P.E. de la Piedra (Kg/ m®)

[) Se continua calculando el aporte de agua de los agregados:
Agua de la Arena = Peso seco Arena x (% Cont. Humed. - %Absor.)/100
Agua de la Piedra = Peso seco Piedra x (% Cont. Humed. - %Absor.)/100

m) Correccién de la cantidad de agua
Agua de mezcla = Agua Inicial - (Agua de la Arena + Agua de la Piedra)

n) ‘Calculo del Peso Himedo de los Agregados:

Peso humedo de la Arena = Peso seco Arena x ( 1+ %Cont. Humedad )
Peso humedo de la Piedra = Peso seco Piedra x ( 1+ %Cont. Humedad)

o) Finalmente tendremos el disefio de mezcla péra un metro cubico de concreto:
Cemento (Kg); Agua(lts); Peso Hamedo de la Piedra (Kg); Peso Himedo de la
Arena (Kg).
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Con este disefio se obtuvo la dosificacién para un metro ctibico de concreto; pero
en la presente investigacion se uso una mezcladora de 0.021 m®

Siguiendo el método del ACI se realizo una mezcla de prueba en la que se obtuvo
un concreto que no era trabajable (Asentamiento 1”).

Se presenta en el cuadro N° 6.2 los disefios de mezclas para la relacién
agua/cemento = 0.65 variando las proporciones de agregados. Luego se hara ensayos de
Resistencia a la Compresién como se muestra en el cuadro N° 2.15 (capitulo 2).

CUADRO N° 6.2

DISENO DE MEZCLAS

PESO VOL ABS. TANDA
MEZCLA MATERIAL (KG /M3) (M3) 54 kg
Cemento 320.00 0.10 7.28
AIC=0.65 |Agua 208.00 0.21 4,97
|Ag. Fino 854.97 0.32 19.75
%Ag.Fino Mrue‘s'o 964.11 0.35 22.00
47 % Total 2347.08 0.98 54.00
%Aire de Disefio 1.50%
Asentamiento 412" ,
Cemento 327.69 0.11 7.49
A/C=0.65 |Agua 213.00 0.21 5.11
Ag. Fino 898.37 0.34 20.83
%Ag.Fino |Ag. Grueso 898.37 0.33 20.58
50 Z Total 2337.43 0.98 54.00
%Aire de Disefio . 1.50%
Asentamiento 51/2"
Cemento 330.77 0.11 7.57
A/C=0.65 |Agua 215.00 0.22 5.17
Ag. Fino 946.85 0.35 21.99
%Ag.Fino Ag. Grueso 839.66 0.30 19.27
53 % Total 2332.27 54.00
%Aire de Disefio _ 1.50%
Asentamiento 51/2"

de Fibras de Acero y CPT | Andino”
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Con los datos obtenidos se procede a realizar la curva de ensayo de resistencia a
la compresion a los 07 dias como muestra la grafica N° 2.3 (capitulo 2), donde
observamos que la relacién de 51% de arena y 49% de piedra, tiene mejor resistencia

que las otras tres., ademas nos proporciona una mejor trabajabilidad del concreto.
Por lo tanto, esta es la relacién optima que se utilizara para el disefio de mezclas.

6.7 DISENO DE MEZCLAS PARA LAS RELACIONES A/C = 0.60, 0.65, 0.70

Para el presente tema de investigacién, se ha disefiado relaciones agua/ cemento:
0.60, 0.65, 0.70, mantendremos constante el porcentaje de agregados 6ptimos hallado (%
arena = 51%), para los 3 disefios del presente trabajo de investigacion, obtendremos de
esta manera un concreto de maxima resistencia, buena trabajabilidad con una adecuada
consistencia.

Para el disefio de mezclas, se utiliza el método de dosificacion del A.C.l. 211.1.81
referente al principio de volimenes absolutos; de tablas se estima, se estima la primera
aproximaciéon de la cantidad de agua (aunque dichos cuadros estan elaborados para
cementos normales, para nuestros ensayos este valor nos resuita muy por debajo del
requerido para el cemento Pértland tipo | Andino, mediante ajustes sucesivos de su curva
correspondiente se determina la cantidad de agua necesaria para conseguir un
asentamiento de 4 12" a 5 ¥4"; este proceso se realiza para cada relacién agua — cemento.
Posteriormente se calcula la cantidad de piedra y arena para un metro ctubico de concreto,
en base a los porcentajes de arena obtenidos. Cabe sefalar que para el diseiio optimo no
solo se ha encontrado el valor de porcentaje de arena, sino también el volumen

compactado de agregados grueso optimo por metro ctibico de concreto.
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6.8 DOSIFICACION DEL CONCRETO NORMAL PARA LOS ENSAYOS

En el cuadro N° 6.3 que se adjunta, se muestra la dosificacién para cada una
de las relaciones de agua/cemento con Agregado Fino = 51% optimo.

Para la determinacién de la cantidad de agua necesaria y proceso de ensayo se

puede ver en el anexo B.

CUADRO N° 6.3

DISENO DE MEZCLAS FINALES

RELACION PESO VOL ABS. TANDA
(AVC) MATERIAL (KG/M3) (M3) 50 Lg
Cemento 3568.33 0.11 7.58
Agua 225.48 0.22 477
|Ag. Fino 913.13 0.34 19.32
0.60 Ag. Grueso 866.75 0.31 18.33
Z Total 2363.70 0.98 50
%Aire de Disefio ' 1.50%
Asentamiento 41/2"
Cemento 329.23 0.11 6.97
| Agua 224.65 0.21 4.76
|Ag. Fino 927.53 0.34 19.64
0.65 |Ag. Grueso 880.42 0.32 18.64
2 Total 2361.82 0.98 50
%Aire de Disefio 1.50%
Asentamiento 412"
Cemento 304.29 0.10 6.45
|Agua 223.79 0.21 4.74
Ag. Fino 940.07 035 19.91
0.70 |Ag. Grueso 892.32 0.32 18.90
X Total 2360.46 0.98 50
%Aire de Disefio 1.50%
Asentamiento 5"
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6.9 DOSIFICACION DEL CONCRETO CON FIBRAS PARA LOS ENSAYOS
6.9.1 DOSIFICACION DE FIBRA: 35 Kg/m®* DE CONCRETO

CUADRO N° 6.3

DISENO DE MEZCLAS FINALES

84

RELACION PESO VOL ABS. TANDA
(A/C) MATERIAL - (KG/M3) (M3) 50kg
Cemento 358.33 0.1 7.58
Agua 225.48 0.22 477
[Ag. Fino 913.13 0.34 19.32
0.60 |Ag. Grueso 866.75 0.31 18.33
T Total 2363.70 0.98 50
FIBRA 35.00 0.740
%Aire de Disefio 1.50%
Asentamiento 312"
Cemento 329.23 0.11 6.97
Agua 224.65 0.21 476
Ag. Fino 927.53 0.34 19.64
0.65 Ag. Grueso 880.42 0.32 18.64
) ¥ Total 2361.82 0.98 50
FIBRA 35.00 0.741
%Aire de Disefio 1.50%
Asentamiento 312"
Cemento 304.29 0.10 6.45
- Agua 223.79 0.21 4.74
Ag. Fino 940.07 0.35 19.91
Ag. Grueso 892.32 0.32 18.90
0.70 %:I'otal 2360.46 0.98 50
FIBRA 35.00 0.742
%Aire de Disefio 1.50%
Asentamiento 3" K
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6.9.2 DOSIFICACION DE FIBRA: 45 Kg/m® DE CONCRETO

CUADRO N° 6.4

DISENO DE MEZCLAS FINALES

RELACION PESO VOL ABS. TANDA
(A/C) MATERIAL (KG/M3) (M3) 50 kL
Cemento 358.33 0.11 7.58
[Agua 225.48 0.22 4.77
|Ag. Fino 913.13 0.34 19.32
0.60 F\iGrueso 866.75 0.31 18.33
Z Total 2363.70 0.98 50
FIBRA 45.00 0.952
%Aire de Disefio 1.50%
Asentamiento 3 3/4"
Cemento 329.23 0.11 6.97
Agua 224.65 0.21 4.76
Ag. Fino 927.53 0.34 19.64
0.65 Ag. Grueso 880.42 0.32 18.64
’ X Total 2361.82 0.98 50
FIBRA 45.00 0.953
%Aire de Disefio 1.50%
Asentamiento 312"
Cemento 304.29 0.10 6.45
Agua 223.79 0.21 4.74
Ag. Fino 940.07 0.35 19.91
0.70 Ag. Grueso 892.32 0.32 18.90
: > Total 2360.46 0.98 50
FIBRA 45.00 0.954
%Aire de Disefio 1.50%
Asentamiento 31/2"
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6.9.3 DOSIFICACION DE FIBRA: 55 Kg/m* DE CONCRETO

CUADRO N° 6.5

DISENO DE MEZCLAS FINALES

RELACION PESO VOL ABS. TANDA
(A/C) MATERIAL (KG/M3) (M3) 50 kg
Cemento 358.33 0.11 7.58
|Agua 225.48 0.22 477
|Ag. Fino 913.13 0.34 19.32
0.60 Ag. Grueso 866.75 0.31 18.33
2 Total 2363.70 0.98 50
FIBRA .55.00 1.163
%Aire de Disefio 1.50%
Asentamiento 31/8"
Cemento 329.23 0.11 6.97
[Agua 224.65 021 4.76
Ag. Fino 927.53 0.34 19.64
0.65 Ag. Grueso |  880.42 0.32 18.64
2 Total 2361.82 0.98 50
FIBRA 55.00 1.164
%Aire de Disefio 1.50%
Asentamiento 31/4"
Cemento 304.29 0.10 6.45
Agua 223.79 0.21 4.74
|Ag. Fino 940.07 0.35 19.91
0.70 Ag. Grueso 892.32 0.32 18.90
) Z Total 2360.46 0.98 50
FIBRA 55.00 1.165
%Aire de Disefio 1.50%
Asentamiento 3"
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7.1 ENSAYOS EN EL CONCRETO FRESCO

Las propiedades del concreto fresco estan en funcién a la utilidad o servicio que
desarrollara en obra, es por esto que en la determinacién de la proporcién de la unidad
cubica de concreto, debe permitir un buen concreto con las facilidades manuales o
mecanicas de que se disponga durante las etapas del proceso, transporte, colocacién y
compactacién u otras propiedades que se consideran necesarias para el cual la mezcla
esta disefiado.

Las propiedades del concreto fresco tiene variaciones, debido a una serie de
factores tales como fuentes de abastecimiento de agregados, modificaciones en el
tamafio nominal maximo, en ia granulometria, diferentes tipos de cemento, cambios de

volumen, variacién de temperatura, método de mezclado, etc.

711 ENSAYO DE ASENTAMIENTO — NTP 339.035:1999

Este ensayo llamado también Slump, es un método que tiene aceptacién universal
y su merito principal reside en la sencillez de la operacién, con una capacidad para
detectar variaciones en la uniformidad de una mezcla de proporciones nominales

especificas.

Entendemos por trabajabilidad del concreto a ila mayor, o menor dificultad para el
mezclado, transporte, colocacion y compactacién de la misma. El asentamiento es casi la
primera prueba que se le hace al concreto, mostrando utilidad para evaluar la idoneidad
de las mezclas en la consolidacién en diferentes tipos de estructuras.

El comportamiento del concreto en la prueba indica su “consistencia’ o sea, su
capacidad para adaptarse al encofrado o molde con facilidad, manteniéndose homogéneo

con un minimo de vacios.

El ensayo consiste en consolidar una muestra de concreto fresco en un molde

troncocénico, midiendo el asiento del concreto después de desmoldarla.
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PROCEDIMIENTO DEL ENSAYO

a) Se humedece el interior del molde y la base sobre la cual se va hacer el ensayo; la
base debe ser firme, plana nivelada y no absorbente, recomendable plancha
metalica.

b) Sujetar firmemente el molde con los pies, para ello pisar las aletas con que cuenta
el molde.

c) Luego echar concreto al molde con el cucharén, hasta.1/3 del volumen del cono,
altura aproximada de 6.5 cm, y chucear 25 veces de afuera hacia adentro en
forma de espiral.

d) Enseguida colocar la segunda capa, altura aproximada de 15.5 cm. teniendo
cuidado de que la varilla compactadora penetre ligeramente en la capa anterior.

e) Colocar Ia tercera capa, colocando un poco mas del concreto necesario y chuzar
25 veces, penetrando ligeramente en la capa anterior.

f) Eliminar el exceso de concreto usando una plancha y se aparta el concreto que se
haya depositado al pie del molde.

g) Golpear suavemente con la varilla compactadora una de las generatrices del cono,
con el fin de producir la caida del concreto.

h) Levantar el molde verticalmente en 5 a 10 segundos, sin impartirie movimiento
lateral o de torsion.

i) Colocar el molde al lado del concreto ensayado y se mide la distancia entre la
varilla colocada horizontalmente sobre el molde y la cara superior del concreto,
esta distancia en centimetros es lo que se denomina asentamiento.
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7.1.2 ENSAYO DE EXUDACION - NTP 339.077:1981
Propiedad por la cual una parte del agua de mezcla se separa de la masa y sube
hacia la superficie del concreto.

Es un caso tipico de sedimentacion en que los sélidos se asientan dentro de la
masa plastica.

Esta influenciada por la cantidad de finos en los agregados y la finura del cemento,
por lo que cuanto mas fina es la molienda de este y mayor sea el porcentaje de material
menor que la malla N°100, [a exudacién seréa menor pues retiene el agua de mezcla.

La exudaciéon se produce inevitablemente en el concreto, pues es una propiedad
inherente a su estructura, luego lo importante es evaluarla y controlarla en cuanto a los
efectos negativos que pudiera tener.

PROCEDIMIENTO DEL ENSAYO

a) Verter la mezcla de concreto en el balde metalico de % p® en tres capas
compactando cada capa con 25 golpes; luego de llenar, proceder a nivelar y alisar
la superficie del recipiente.

b) Quitar aproximadamente 1” de espesor de mezcla.

c) Pesar el recipiente con la mezcla, a fin de obtener el peso de la muestra por
diferencia.

d) Enseguida a fin de facilitar la extraccion del-agua de exudacion, colocar un taco de
5 cm de aitura debajo de la base del molde metalico, con el objeto de inclinaria y el
agua exudada se junte.

e) Con una pipeta o jeringa extraer el agua exudada a intervalos de 10 minutos
durante los primeros 40 minutos, y luego a intervalos de 30 minutos de alli en
adelante hasta que cese la exudacion. Después de extraer el agua exudada se
regresa el recipiente a su posicion original.

f) Cuando se requiere solamente el volumen total de agua exudada el procedimiento
de extraccién periédica puede ser omitido y la extraccion se hara en una sola

operacion.
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CALCULOS
Datos previos:
Peso de la muestra en Kg (Wmuestra)
Cantidad total de agua exudada (Wagua exudada)

De los datos de disefio:
Cantidad de agua por m® en Kg (Wagua disefio)

Peso total de materiales x m*® de concreto (Wmateriales)

Con los datos antes mencionado se tiene;

Wagua de la muestra = W mue§tra x Wagua disefio
W materiales
Luego, el Porcentaje de Exudacién:
% de Exudacion = Wagua exudada x 100

Wagua de la muestra

Se calcula asimismo la velocidad de exudacién en mm/hr, como el volumen del agua de

exudacién por intervalo de tiempo.

Volumen exudado
Tiempo

Velocidad de exudacion =-

Donde:

Volumen exudado Volumen de agua de exudaciéon por unidad de

superficie

VilA = Asentamiento acumulado

Vi = Volumen en cm® del agua exudada acumulada, durante el intervalo
seleccionado.
A = Area expuesta del concreto en cm?
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7.1.3 ENSAYO DE PESO UNITARIO - NTP 339.046:1979

El Ensayo de Peso Unitario consiste en la determinacién del peso de concreto por
unidad de volumen; los determinantes en el valor del peso unitario son los pesos
especificos de los agregados, pudiéndose clasificar en concretos Densos, Normales y

Ligeros.

Segln el tamafio maximo nominal del agregado grueso, el recipiente sera de 14
dm? (% pie®) para agregados de hasta 2” y de 28 dm?® (1 pie®) para agregados de tamario

maximo mayores.

Para la presente tesis de investigacién el tamafio nominal maximo obtenido es de

17, por lo que usaremos el recipiente de ¥ pie®.
PROCEDIMIENTO DEL ENSAYO

a) Llenar con concreto el recipiente hasta un tercio de su capacidad para luego
compactaria con 25 golpes; de la misma manera se llenan las 02 capas restantes
y se realiza el mismo paso descrito anteriormente.

b) En la ultima capa se coloca material en exceso para enrasar a tope con el
material, para luego golpear ligeramente la superficie exterior del recipiente con el
fin de “eliminar* los vacios que pudieran haber quedado.

c) Se procede a pesar el recipiente.

CALCULO A
El peso unitario se calcula dividiendo el peso neto del concreto entre el volumen

del recipiente.

P unitario = PC / VR
Donde:
Pr = Peso del concreto neto
Vi = Volumen del recipiente.
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7.1.4 ENSAYO DE TIEMPO DE FRAGUADO - NTP 339.082:2001

El fraguado es el proceso de endurecimiento del concreto. Por lo que su
determinacién tiene una trascendencia muy importante, por cuanto nos da la pauta del
tiempo que se dispone en el proceso constructivo para las operaciones de colocacién y
acabado.

Este proceso esta dividido en dos periodos:

El fraguado inicial
El fraguado final

El fraguado inicial se caracteriza por la perdida de plasticidad y aumento en la
temperatura de la mezcla.

El fraguado final se caracteriza por endurecimiento significativo y deformaciones
permanentes, como logica consecuencia del aumento de su resistencia.

La fragua del concreto depende basicamente del contenido de aluminato tricalcico
del cemento, finura del cemento, relaciébn agua/cemento, temperatura y humedad del

ensayo.

La norma establece el tiempo de fraguado del concreto con asentamiento superior
a cero por medio de agujas de penetracién sobre la muestra tamizada; asi el fraguado
inicial se determina por el tiempo transcurrido, luego del contacto inicial del cemento y el
agua hasta que el mortero alcance una resistencia a la penetracion de 500 Ib/pulg?, y la
fragua final cuando alcance 4000 Ib/pulg®.

La resistencia a la penetracién, se calcula como el cociente de la fuerza requerida
para que la aguja penetre 25mm y el area de la superficie dé contacto de la aguja.
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PROCEDIMIENTO DEL ENSAYQ

a) Se usara dos moldes cilindricos para el ensayo, ellos deben tener 15 cm de
didmetro y de 15 cm de altura.

b) Debe contarse con un aparato hidraulico con capacidad de 60 kgf a 100 kgf
provist'o de un dispositivo medidor de presién y un medidor de carga con escala
graduada.

c) Preparamos una tanda de 0.02 m® de concreto.

d) Tamizamos la mezcla por la malla N° 4; la mezcla que pasa por dicha malla,
mortero, es llenada en los dos moldes cilindricos.

e) Se llena cada molde en dos capas con 27 golpes cada capa hasta una altura
minima de 14 cm. Se golpea a los costados del molde para eliminar las burbujas
de aire y luego se enrasa.

f) Se dispone de 6 agujas cuyos diametros son de 1 1/8”, 13/16”, 9/16“, 5/16”, 4/16”,
y 3/16”.

g) La muestra debe almacenarse a temperatura ambiente y protegerse del sol para
evitar el secado inmediato. Antes del ensayo con la aylea de una pipeta retirar el
agua que haya exudado.

h) Se anota la hora de inicio del-ensayo. _

i) Segun el estado de endurecimiento del mortero, se debe colocar el aparato con
una aguja de tamafo apropiado y se pone esta en contacto con el mortero.

J) Se aplica una fuerza vertical y uniformemente hacia abajo hasta lograra una
penetracién de 25 mm. En un tiempo aproximado de 10 segundos.

k) Se registra la fuerza aplicada; el drea de la aguja de penetracion y la hora de
ensayo. En posteriores ensayos de penetracion se debe tener cuidado en eludiri:
sitios en los cuales el mortero ha sido alterado por penetraciones previas. v / \ ‘

I} La distancia libre entre la aguja y el lugar de cualquier penetracion anterior, debéﬁ")h ‘

ser al menos 2 veces el didmetro de la aguja que se use, pero en ningdn casoff,

inferior a 15 mm. Se debe dejar una distancia libre entre la aguja y la pared del rf
recipiente por lo menos de 25 mm. o

m) Para muestras normales y temperaturas normales, el primer ensayo se debe hacer
cuando haya transcurrido 3 a 4 horas y los demas ensayos cada hora. Para
mezclas aceleradas o alt'as temperaturas se recomienda hacer el primer ensayo
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cuando hayan transcurrido 1 a 2 horas y los demas ensayos a intervalos de 0.5
horas.

n) Para condiciones de baja temperatura o mezcla retardantes, el primer ensayo
hacer cuando hayan transcurrido 4 horas o mas, los posteriores deben llevarse a
intervalos de 1 hora a menos que el incremento de resistencia a la penetracién
indique que son aconsejables a intervalos mas cortos.

o) Para cada ensayo de fraguado, se deben hacer por lo menos 6 penetraciones y
los intervalos de tiempo entre ellas, seran tales que suministren pintos adecuados
y lo suficientemente espaciados para dibujar una curva satisfactoria de velocidad

de endurecimiento.

CALCULO
Se calcula la resistencia a la penetracion en Ib / pulg?, como cociente de la fuerza
requerida y el érea de la aguja utilizada ver cuadros de calculo del tiempo de fraguado.

P = F/A
Donde :
P : Resistencia a la penetracion en Ib/ pulg®
F : Fuerza necesaria para penetrar 25mm
A : Area de contacto de la aguja con el mortero.

7.1.5 ENSAYO DE FLUIDEZ - NTP 339.085:1981
El ensayo de fluidez mide la resistencia que opone el concreto al experimentar
deformaciones, la cual depende de la forma, gradacion, tamafo maximo del agregado en

la mezcla y de la cantidad de agua en la mezcla.

En la presente tesis el método de ensayo usado fue de la mesa de sacudida
(NORMA ITINTEC 339.085). Este método se considera aplicable a concretos plasticos
que tienen agregados grueso hasta 38mm (1 7%2"). Si el agregado grueso es mayor de 38
mm (1 %2"); el método es aplicable cuando se realiza sobre la porcion de hormigén que
pasa el tamiz [TINTEC 38 mm (1 2”) después de haber eliminado los agregados mayores
de acuerdo como se indica en la Norma ASTM C-172.
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Como sabemos la consistencia es el grado de fluidez de una mezcla; determinada
de acuerdo a un procedimiento prefijado.

PROCEDIMIENTO DEL ENSAYO

a) El ensayo consiste en determinar el aumento del didametro que experimenta la
base inferior de un tronco de cono de masa de concreto fresco, sometido a
sacudidas sucesivas.

b) Previamente limpiar la mesa de sacudidas, quitando el exceso de agua con una
esponja.

c) Enseguida centrar el molde sobre la mesa, se sujeta firmemente y luego echar
material suficiente hasta la mitad del molde.

d) Con ayuda de la varilla compactadora aplicar veinticinco golpes, distribuidos
uniformemente, por toda la seccién de la masa.

e) Luego llenar el molde con exceso y aplicar otros veinticinco golpes con la varilla,
procurando que esta penetre hasta la capa inferior y que la masa rellene todos los
huecos. A

f) Retirar el concreto sobrante y limpiar la mesa.

g) Sacar el molde con cuidado, levantario verticalmente y lo més rapido posible.

h) Luego se eleva y se deja caer durante 15 veces, desde una altura de 12.5 mm en
15 segundos girando la manivela con una velocidad uniforme.

i) Se determina el indice de consistencia calculando el tanto por ciento del aumento
del didmetro, expresado en centimetros, de la base inferior del tronco de cono.

j) Se toma como diametro medio del concreto extendido, la media aritmética de seis

mediciones del diametro, distribuidas simétricamente.

CALCULO
F M x 100
25
Donde ¢
D : Diametro promedio
F : Factor de asentamiento.
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7.1.6 ENSAYO DE CONTENIDO DE AIRE - NTP 339.080:1981
El contenido de aire en el concreto es el porcentaje de vacios que hay en la

misma.

En todo concreto se encuentra aire y es por eso que es importante cuantificarla
para prevenir los efectos perjudiciales de esta, tal como la reduccion de la resistencia del
concreto por incremento de la porosidad del mismo.

El contenido de aire dependera del tamafio maximo nominal del agregado, es

decir, a medida que aumenta ese tamario, se incrementara el contenido de aire.

PROCEDIMIENTO DEL ENSAYO

El procedimienfo para encontrar el contenido de aire es mediante el método de
presién “Aparato Washington”. El aparato consta de dos partes, en una se encuentra la
camara donde se almacena el aire a presiéon y el manémetro que indica la cantidad de
agua penetrada en el concreto o presién de aire, lo cual se puede deducir que sera el
mismo porcentaje de vacios que tendra el concreto, la otra parte del aparato es un moide
cilindrico donde se coloca el concreto, similar al peso unitario.

a) Se coloca el concreto el concreto en el recipiente en tres capas con 25 golpes por
cada capa, se enrasa la superficie de modo que no quede burbujas de aire en la
superficie.

b) 'Se coloca la tapa y se procede a llenar de aire la camara de presién

c) Luego por unas aberturas se introduce agua al concreto y se procede luego a
cerrar las aberturas.

d) Se abre la llave que une la camara de aire con el concreto y la presion del aire

hace introducir el agua en los vacios de concreto lo que el mandémetro indica

Los resultados de los ensayos del concreto al estado fresco, se muestran en el

capitulo 8. El detalle de calculo se encuentra en el ANEXO C.
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7.2 ENSAYOS EN EL CONCRETO ENDURECIDO

La estructura interna del concreto endurecido consistente en el aglomerante,
estructura basica o matriz, constituida por la pasta de cemento y agua, que aglutina a los
agregados gruesos, finos, aire y vacios, estableciendo un comportamiento resistente
debido en gran parte a la capacidad de la pasta para adherirse a los agregados y soportar
esfuerzos de traccion y compresion, asi como a un efecto puramente mecanico propiciado
por el acomodo de las particulas inertes y sus caracteristicas propias.

Por lo tanto la estructura del concreto no es homogénea, y en consecuencia no es

isotrépica, es decir no mantiene las mismas propiedades en diferentes direcciones.

" Un aspecto sumamente importante en la estructura del concreto endurecido reside
en la porosidad o sistema de vacios. Gran parte del agua interviene en la mezcla, solo
cumple la funcién de lubricante en el estado plastico, ubicandose en lineas de flujo y
zonas de sedimentacion de los sdlidos, de manera que al producirse el endurecimiento y
evaporarse, quedan los vacios o poros, que condicionan el comportamiento posterior del
concreto para absorber liquidos y su permeabilidad o capacidad de flujo a través de él.

Los ensayos que permiten determinar las propiedades del concreto al estado
endurecido, y por ende controlar la calidad del concreto, deben efectuarse de acuerdo a
las normas, debido a que resultados erroneos pueden llevar al cuestionamiento de la

calidad del concreto.

7.21 ENSAYO DE RESISTENCIA A LA COMPRESION NTP 339.034:1999
Es la capacidad de soportar cargas y esfuerzos, siendo su mejor comportamiento
en compresidn en comparacién con la traccién, debido a las propiedades adherentes de la

pasta de cemento.

Un factor indirecto pero no por eso menos importante en la resistencia, lo
constituye el curado ya que es el complemento del proceso de hidratacion sin el cual no
se llegan a desarrollar completamente las caracteristicas resistentes del concreto.
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PROCEDIMIENTO DE ENSAYO

a) Una vez elaborada la mezcla de concreto, se procede a llenar las probetas de
15x30 cm en tres capas, compactando cada capa con 25 golpes verticales
mediante una varilla fisa de 5/8” con punta semiesférica, uniformemente repartidos
de afuera hacia adentro en forma de espiral.

b) Después de llenar el molde, se procede a golpear suavemente las paredes del
molde, utilizando la varilla, para eliminar los vacios que pudieran haber quedado.

c) Se enrasa la superficie del molde, a fin de obtener una superficie plana.

d) Las probetas deberan retirarse del molde al cabo de 20 h + 4 h, después de
elaborados. En estas horas iniciales, se deben almacenar sobre una superficie
hqrizontal, evitando golpes o vibraciones.

e) Después de retiradas del molde las probetas deben almacenarse a temperatura
pernﬁanente entre 23°C £ 2°C y bajo condiciones de humedad tales que siempre
se mantenga agua libre en toda su superficie (por ejemplo sumergidos totalmente
en agua saturada de cal).

f) Para conseguir la aplicaciéon uniforme de la carga por parte de la prensa hidraulica,
se procede a refrendar los extremos de las probetas empleando una mezcla de

azufre y de material granuloso (capping).

La norma del ACI especifica para una prueba de resistencia el promedio de dos
cilindros de la misma muestra probada a la misma edad, el cual normaimente es de 28

dias.

7.2.2 ENSAYO DE RESISTENCIA A LA TRACCION POR COMPRESION DIAMETRAL
~ NTP 339.084:1981

La resistencia a la traccién del concreto es relativamente baja. Una buena
aproximacion para la resistencia a la traccion f; es 0.10fc < fy < 0.20fc. Es mas dificil
medir la resistencia a la traccion que la resistencia a compresion debido a los problemas
de agarre con las maquinas de prueba. Debido a la existencia de diversos métodos que
requieren una operacion compleja, se opté por el método de traccién por Ijendimiento'o
prueba brasilefia consistente -en romper un cilindro de concreto, del tipo normalizado para
el ensayo de compresion, entre los cabezales de una prensa, segin generatrices

opuestas.
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La resistencia a la traccion debe darse segun la relacién:

_ 2xP
- MmMxDxL
Donde:
P = Fuerza de compresion
= Diametro
L = Longitud del cilindro.
PROCEDIMIENTO DE ENSAYO

a) Antes de la prueba debe procederse a determinar la longitud.

b) Si las dimensiones de las placas de apoyo de la maquina de compresién, son
menores que la longitud del cilindro, debe interponerse una platina suplementaria
de acero maquinado, de por lo menos 50 mm de ancho y espesor no menor que la
distancia entre el borde de las placas de | apoyo y el extremo del cilindro.

c) Debe colocarse entre el cilindro y la superficie de los cabezales de la maquina de
ensayo, o eventualmente la platina suplementaria de ser utilizada, tablillas de
madera contraplacadas, de 3 mm de espesor y 25mm de ancho. A lo largo de
toda la longitud del cilindro, con el fin de que la probeta al momento de realizar la
prueba se mantenga quieta.

d) Se aplica la carga a la probeta con una velocidad en forma continua, evitando el
impacto.

e) La velocidad de aplicacién de la carga indicada para probetas normales esta
comprendida entre 5000 y 1000 da N/min hasta la rotura.

7.2.3 ENSAYO DE MODULO DE ELASTICIDAD ESTATICO ASTM 496-63
En general es la capacidad del concreto de deformarse bajo carga, sin tener

deformacién permanente.

El concreto no es un material elastico estrictamente hablando, ya que no tiene
comportamiento lineal en ningun tramo de su diagrama carga vs deformacién en
compresion, sin embargo, convencionalmente se acostumbra definir un “Mddulo de

Elasticidad Estatico” del concreto mediante una recta tangente a la parte inicial del
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diagrama, o a una recta secante que une el origen del diagrama con un punto establecido
que normalmente es un % de la tensién ultima.

Los médulos de elasticidad normales oscilan entre 250,000 a 350,000 kg/cm? y
estan en relacién directa con la resistencia a la compresion del concreto y por ende con la
relacion agua/cemento. Conceptualmente, las mezclas mas ricas tienen moédulo de

elasticidad mayores y mayor capacidad de deformacion de las mezclas pobres.

Al someterse una probeta de concreto a una carga que se incrementa

constantemente, ocurre una deformacién plastica o escurrimiento.

La curva esfuerzo - deformacion muestra una zona de trabajo donde los esfuerzos
y las deformaciones son proporcionales para fines practicos.

Este limite de proporcionalidad para el caso del médulo de elasticidad es el 40%
de la resistencia a la compresion y la deformacién para este punto.

Es importante decir que la deformacion del médulo elastico es una aproximacién
por cualquiera de los métodos que existen; sencillamente por que el concreto no es
perfectamente elastico.

Como el concreto no es un material linealmente elastico, en ninglin momento sigue
la ley de Hooke, es decir que el diagrama esfuerzo deformacién no presenta ningan tramo
recto. De manera que el “pseudo Médulo de Elasticidad®, es la pendiente de la secante a
la curva carga vs deformacion desde el origen a un punto de tensién determinada

(generalmente la tensién de trabajo).

Para esfuerzos de trabajo pequerios y alternantes el médulo en el origen puede

tomarse como el médulo de elasticidad dinamico.

N
El modulo de elasticidad del concreto Ec es una funcién compleja de muchas
variables como la tensién de trabajo, forma de solicitacion, duracién de las cargas, estado

higroscopico, etc.
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El ACI sugiere la siguiente expresion para su calculo:

Ec = W'**4270*fc)>®
Donde:
W = Peso especifico del concreto t/m?.
f'c = Resistencia en kg/cm?.

Existen varios métodos como el mencionado anteriormente; para la presente tesis
de investigacidn se ha utilizado el equipo de los Espejos de Martens.

PROCEDIMIENTO DE ENSAYO

a) Se instala el equipo de los espejos de Martens convenientemente centrado con
respecto al eje de la probeta y teniendo especial cuidado en colocar el eje de los
espejos en las dos generatrices opuestas que pasan por el plano central de la
probeta, al final la distancia entre los espejos y la regla de lectura debe de ser de
1.25 cm.

b) Aplicar la carga continuamente y sin sacudidas; para cada espécimen se tomara
lecturas cada 2000 kg, hasta llegar a la carga maxima de rotura. Se anotaran dos
lecturas, una del lente derecho y otra del lente izquierdo.

c) Se trabaja con el promedio de las dos lecturas corregidas (menos su referencia).
Se confeccionara un grafico, Esfuerzo vs Deformacion Unitaria Longitudinal.

Se calcula el Médulo de Elasticidad como sigue:

(E2-E1)
E =
(D2-0.5x107)
Donde:
E = Maédulo de elasticidad estatico (10° kg/cm?)
E2 = Esfuerzo correspondiente al 40% de la carga ultima
E1 = Esfuerzo correspondiente a una deformacion longitudinal D1, de
0.5 x 10 (kg/cm?)
D2 = Deformacion longitudinal producida por el esfuerzo E2.
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7.2.4 ENSAYO DE RESISTENCIA A LA FLEXION EN VIGAS NTP 339.078:2001

Como es dificil aplicar tension uniaxial al espécimen de concreto, la resistencia a la
traccién del concreto se determina por métodos indirectos: la prueba de flexion y la
prueba de cuarteadura, para este tema de investigacion se utilizara el primero, estos
métodos producen valores de resistencia que son mayores que la resistencia a la traccion

real bajo carga uniaxial.

En la prueba de flexion, el esfuerzo a la tension maxima tedrica alcanzada en la
fibra del fondo de una viga de prueba se conoce como modulo de ruptura. El valor del
modulo de ruptura depende las de la viga y sobre todo de la disposicién de la carga. Hoy
en dia la carga simétrica en dos puntos (a los tercios de la luz) se usa en Estados unidos
de América. Esto produce un momento de flexion constante entre los puntos de carga, de
modo que un tercio de la luz esta sujeto él esfuerzo maximo y por tanto, es ahi donde

probablemente se produzca el agrietamiento.

PROCEDIMIENTO DE ENSAYO

a) Las dimensiones de los especimenes rectangulares, utilizados para el ensayo de
flexién son de 15 x 15 x 75 cms.

b) Se coloca con respecto a la posicion de vaciado y se centra con respecto a las
placas de apoyo. Las placas de aplicacion de carga se ponen en contacto con la
muestra y sobre los punto extremos del tercio central de la luz libre.

c) Las dimensiones seran tomadas con una aproximacién de 1mm con la finalidad de
determinar el promedio en la seccion de falla.

d) Sila fractura ocurre dentro del tercio medio central de la viga, se calcula el modulo
de ruptura, con base en toeoria elastica ordinaria como sigue:

PL
bh’

Mr=

Donde:
Mr = Modulo de ruptura en kg/icm?
P = Carga maxima en kg
L =lLuzencms
b = Ancho promedio del espécimen rectangular en cms
h = Altura promedio del espécimen rectangular en cms.
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e) Sila fractura se produce fuera del tercion medio central entonces el resultado de
la prueba de be descartarse. Por otro lado, ASTM C78-84 permite la falla fuera de
los puntos de carga a una distancia promedio a del apoyo mas cercano, por medio
de la ecuacion:

3Pa
bh?

Mr =

Donde:
a = Distancia entre la linea de falla y el apoyo mas cercano.
f) Sin embargo si la falla ocurre en una seccion, tal que ( L/3 —a ) > 0.05L, entonces
se debe descartar el ensayo.

7.2.5 ENSAYO DE RESISTENCIA AL IMPACTO ACI-542

La resistencia al impacto del concreto reforzado con fibra de acero, es medido por
una prueba el cual se usa un martillo de 4.5 kg que cae sobre una bola de acero centrado
sobre una muestra de 1.5 a 2.5 plg de grosor por 6 pig de diametro. El numero de golpes
requerido para romper y separar una muestra de fibra a una edad de 28 dias es de 200 a
500 0 mas golpes dependiendo de la configuracién extensiéon y cantidad de la fibra. La
‘muestra de shotcrete simple normalmente sede de 10 a 40 golpes.

PROCEDIMIENTO DE ENSAYO

a) Se construyeron moldes cilindricos. (discos) de 6 plg. de diametro interior y
con una aitura de 2 2 plg.. El procedimiento fue vaciar una sola capa y
compactarla mediante 25 golpes con una varilla de 5/8 plg. de diametro,
uniformemente distribuidas en la seccion del recipiente y enrasarios.

b) Al dia siguiente de vaciado los moldes se procedié a desmoldar y pasar los
discos cilindricos la poza de curado hasta el dia de ensayo.

c) Una vez que los discos cilindricos estén fuera de la poza de curado se dejo
secar a temperatura ambiente para luego proceder a ensayarlos mediante una
carga de Impacto, La carga fue entregada por un peso de 10 libras (455 grs)
desde una altura de 18 plg. (45.72 cm).

d) Se procedié a contar el numero de golpes al producirse la primera grieta asi

como el instante de la falla las cuales fueron registradas.
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8.1 ENSAYOS EN EL CONCRETO PATRON
8.1.1 ENSAYO EN EL CONCRETO FRESCO
8.1.1.1 ENSAYO DE ASENTAMIENTO (plig)

Relacion Asentamiento
alc
0.60 5"
0.65 5"
0.70 5"

8.1.1.2 ENSAYO DE EXUDACION (%)

Rel:;c;lon Muestra %Exudacién | Piomedio

M-1 2.66

0.60 S 551 2:58
M-1 2,77

.6 )

0.65 M2 278 217
M-1 2.71

0.70 e T 2.83

8.1.1.3 ENSAYO DE PESO UNITARIO (kg/m°)

" Relacion Peso Unitario Compactado
alc (Kg/m®)
0.60 2442 86
0.65 2450.00
0.70 2450.00
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8.1.1.4 ENSAYO DE TIEMPO DE FRAGUADO (Hr:min}
Relacion Tiempo Fuerza Seccién | Resistencia] Fragua Fragua
alc (Hr) (Lbs) (Pig®) .| (Lbsipig® | Inicial Final
0:00 0.00
03:00 130 0.99402 130.78
03:30 170 0.51848 327.88
0.60 04:22 125 0.24850 503.02 4:20 5:25
05:00 140 0.07669 1825.53
05:30 160 0.04908 3259.98
05:40 200 0.02761 7243.75
00:00 0.00
03:00 150 0.99402 150.90
03:30 150 0.51848 289.31
0.65 04:25 120 0.24850 482.90 4:30 5:35
05:00 130 0.07669 1695.14
05.37 200 0.04908 4074.98
06:00 200 0.02761 7243.75
00:00 0.00
03:00 130 0.99402 130.78
04:00 155 0.51848 298.95
0.70 04.37 125 0.24850 503.02 4:35 5:45
05:00 150 0.07669 1955.93
05:48 200 0.04908 4074.98
06:20 195 0.02761 7062.66
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8.1.1.5ENSAYO DE FLUIDEZ (%)

Relacién Fluidez
alc (%)
0.60 105.71
0.65 110.83
0.70 113.91

8.1.1.6 ENSAYO DE CONTENIDO DE AIRE (%)

Relacién Contenido de Aire
alc (%)
0.60 1.60
0.65 1.50
0.70 1.40

| 8.1.2 ENSAYOS EN EL CONCRETO ENDURECIDO
8.1.2.1 ENSAYO DE RESISTENCIA A LA COMPRESION (kg/cm?)
RELACION AGUA CEMENTO 0.60

i Carga Diametro Resistencia Promedio
N° Dias 2 2
(Kg) (cm) (Kg/lecm®) (Kg/cm®)
7 33800 15 191.27
7 31400 14.9 180.08 183.01
7 31400 15.00 177.69
14 39100 14.90 224.24
14 39200 14.86 226.03 230.82
14 42800 15.00 242.20
28 56800 15.20 313.02
28 55000 15.10 307.13
28 55800 15.00 315.76 311.97
28 55400 15.20 305.30
28 57100 15.00 323.12
28 55800 15.20 307.51
42 60600 15.20 333.96
42 60000 15.10 335.05 333.77
42 60300 15.20 332.31
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RELACION AGUA CEMENTO 0.65

N° Dias Carga Diametro Resistencia Promedio
(Kg) (cm) (Kglcm?) (Kglem?)
7 25800 15.00 146.00
7 28600 15.20 157.61 150.62
7 26200 15.00 148.26
14 33100 14.80 192.40
14 35500 15.00 200.89 207.49
14 39800 14.87 229.18
28 48400 15.20 266.73
28 45900 15.20 252.95
28 45800 15.00 259.17
28 44800 14.94 255.56 258.65
28 45000 15.00 254.65
28 47700 15.20 262.87
42 51600 14.80 299.94
42 51600 15.00 292.00 296.00
42 51900 14.94 296.06
RELACION AGUA CEMENTO 0.70
N° Dias Carga Diametro Resistencia Promedio
(Kg) (cm) (Kg/cm?) (Kg/lcm?)
7 24800 14.87 142.80
7 25200 14.97 143.17 140.41
7 23900 15.00 135.25
14 33900 14.95 193.12
14 34100 14.82 197.68 198.01
14 35200 14.85 203.24
28 39900 15.00 225.79
28 41300 15.10 230.62
28 39600 15.00 224.09
28 44500 14.95 253.51 234.90
28 39000 14.94 222.47
28 44100 14.90 252.92
42 49200 14.80 285.99
42 41400 14.95 235.85 261.85
42 46600 15.00 263.70
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RESISTENCIA A LA COMPRESION PARA LAS DIFERENTES
PROPORCIONES a/c CONCRETO PATRON
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8.1.2.2 ENSAYO DE RESISTENCIA A LA TRACCION POR COMPRESION
DIAMETRAL (kg/cm?)
RELACION AGUA CEMENTO 0.60

N° Dias Carga Diametro Luz Resistencia | Promedio
(Kg) (cm) (cm) (Kglem?) (Kglem?)
28 21000 14.93 30.10 29.76 29.58
28 20800 15.02 30.00 29.39 ]
RELACION AGUA CEMENTO 0.65
o Carga Diametro Luz Resistencia | Promedio
N° Dias 5 5
(Kg) (cm) (cm) (Kg/cm”) (Kg/lcm”)
28 16400 14.82 30.16 23.36 25.04
28 18900 14.98 30.05 26.73 ]
RELACION AGUA CEMENTO 0.70
. Carga Diametro Luz Resistencia | Promedio |
N° Dias 5 2
(Kg) (cm) (cm) (Kglem®). | (Kglem’)
- 28 16100 14.95 30.16 2273V 503
28 15900 14.83 30.03 22.73 '

8.1.2.3 ENSAYO DE MODULO DE ELASTICIDAD ESTATICO (10° kg/cm?)

Relacién Modulo Elastico Estatico
alc x100000 kg_;/cm2
0.60 2.8530
0.65 2.7010
0.70 2.5660
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8.1.2.4ENSAYO DE RESISTENCIA A LA FLEXION EN VIGA (kg/cm?)

RELACION AGUA CEMENTO 0.60

o Carga Base Altura Luz Modulo | Promedio
N°Dias 2 »
(Kg) (cm) (cm) (cm) (Kg/lem®) | (Kg/em®)
28 2500 15.00 15.10 60.00 43.86
28 2480 15.00 15.10 60.00 43.51 41.15
28 2070 15.10 15.10 60.00 36.07
RELACION AGUA CEMENTO 0.65
. Carga Base ~ Altura Luz Modulo Promedio
N°Dias 2 Z
(Kg) (cm) (cm) (cm) (Kglem™) | (Kg/em)
28 2100 15.00 15.00 60.00 37.33
28 2160 15.10 15.10 60.00 37.64 38.35
28 2300 15.10 15.10 60.00 40.08
RELACION AGUA CEMENTO 0.70
R Carga Base Altura Luz Modulo | Promedio
N°Dias 2 2
(Kg)_ (cm) (cm) (cm) (Kgfem®) | (Kglent)
28 2020 15.10 15.10 60.00 35.20
28 1960 15.10 15.00 60.00 34.61 35.54
28 2070 15.00 15.00 60.00 36.80
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RESISTENCIA A LA FLEXION EN VIGAS
CONCRETO PATRON

a/c=0.60
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RESISTENCIA A LA FLEXION EN VIGA
CONCRETO PATRON

alc=0.70
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8.1.2.5 ENSAYO DE RESISTENCIA AL IMPACTO
RELACION AGUA CEMENTO 0.60

o s Altura Diametro N° Golpes
N" Dias H Prom D jrom G Prom
28 6.90 15.00 | 70
28 6.60 6.63 15.00 15.05 60 63
28 6.40 15.15 60
42 6.60 15.00 62
42 6.50 6.60 15.00 15.00 64 66
42 6.70 15.00 72
RELACION AGUA CEMENTO 0.65
o i Altura Diametro N° Golpes
N Dias H Prom D Prom G Prom
28 6.50 14.94 45
28 6.50 6.53 14.94 14.96 60 54
28 6.60 15.00 58
42 6.63 14.90 61
42 6.45 6.54 15.00 14.97 50 58
42 6.55 15.00 62
RELACION AGUA CEMENTO 0.70
o s Altura Diametro N° Golpes
N Dias H Prom D Prom G Prom
28 6.60 14.98 45
28 6.40 6.50 14.96 14.97 35 44
28 6.50 14.98 51
42 6.65 14.80 56
42 6.50 6.52 14.95 14.88 41 47
42 6.40 14.90 45
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ENSAYO DE RESISTENCIA ALIMPACTO
GRAFICO COMPARATIVO PARA DIFERENTES
RELACIONES DE A/C
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8.2

ENSAYOS EN EL CONCRETO CON FIBRAS DE ACERO

8.21 ENSAYOS EN EL CONCRETO FRESCO
8.2.1.1 ENSAYO DE ASENTAMIENTO (plg)

> RELACION AGUA CEMENTO 0.60

Dosificacion Asentamiento
(Kg/m®)
35 31/2"
45 31/4"
55 3"

> RELACION AGUA CEMENTO 0.65

Dosificacion Asentamiento
(Kg/m®)
35 3 3/4"
45 31/2"
55 31/4"

RELACION AGUA CEMENTO 0.70

Dosificag,ién Asentamiento
(Kg/m”)
35 4"
45 3 3/4"
55 3 1/2"

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacion
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RESULTADOS DE LOS ENSAYOS

8.2.1.2ENSAYO DE EXUDACION (%)

> RELACION AGUA CEMENTO 0.60

Dcstig;:;gi)én Muestra %Exudac Promedio
s e IE T e
45 E; gzgg 2.42
s ez
> RELACION AGUA CEMENTO 0.65
Dosificacion .
(Ka/m®) Muestra %Exudac Promedio
35 E; gzgg 2.70
T o
e
> RELACION AGUA CEMENTO 0.70
Dosiﬂcacazién Muestra %Exudac Promedio
(Kg/m’) .
35.00 = =5 2.79
45.00 E; ;:i; 2,53
T e
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RESULTADOS DE LOS ENSAYOS

8.2.1.3ENSAYO DE PESO UNITARIO COMPACTADO (kg/m’)

> RELACION AGUA CEMENTO 0.60

Dosificacién | Peso Unitario Compactado
(Kg/m?) (Kg/m®)
35 2446.43
45 2450.00
55 2464.29

> RELACION AGUA CEMENTO 0.65

Dosificacién | Peso Unitario Compactado
(Kg/m®) (Kg/m’)
35 2478.57
45 2485.71
55 2492.86

> RELACION AGUA CEMENTO 0.70

Dosificacién | Peso Unitario Compactado
(Kg/m®) (Kg/m®)
35.00 2457 .14
45.00 2492.86
55.00 2500.00
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8.2.1.4 ENSAYO DE TIEMPO DE FRAGUADO (Hr:min)
> RELACION AGUA CEMENTO 0.60

Dosificacion] Seccion Tiempo Fuerza Resistencia Fragua Fragua
(Kg/m®) Plg® Hr Lbs (Lbsfplg®) | Inicial Final
' 00:00 0.00
0.99402 03:00 170 171.02
0.51848 03:30 145 279.66
35 0.24850 04:15 125 503.02 4:15 5:20
0.07669 04:30 150 1955.93
0.04908 05:00 175 3565.61
0.02761 05:36 200 7243.75
00:00 0.00
0.99402 03:12 125 125.75
0.51848 03:36 170 327.88
45 0.24850 04:12 125 503.02 4:11 516
0.07669 04:42 165 2151.52
0.04908 05:12 170 3463.73
0.02761 0542 200 7243.75
- 00:00 0.00
0.99402 03:30 130 130.78
0.51848 03:54 150 289.31
55 0.24850 04:24 150 603.62 4:06 510
0.07669 04:48 135 1760.33
0.04908 05:12 200 4074.98
0.02761 05:48 200 7243.75
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CONCRETO CON FIBRA
DOSIFICACION: 35 kg/m® DE CONCRETO
ENSAYO DE TIEMPO DE FRAGUADO

A/C =0.60
[ GRAFICO 8.12 ]
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CONCRETO CON FIBRA
DOSIFICACION: 45 kg/m3 DE CONCRETO

ENSAYO DE TIEMPO DE FRAGUADO

AIC =0.60
( GRAFICO 8.13 ]
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CONCRETO CON FIBRA
DOSIFICACION: 55 kg/m3 DE CONCRETO

ENSAYO DE TIEMPO DE FRAGUADO

AIC =0.60
[ GRAFICO 8.14 ]
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> RELACION AGUA CEMENTO 0.65

Dosificacion]  Seccién Tiempo Fuerza | Resistencial Fragua Fragua
(Kg/m®) Plg Hr Lbs (Lbs/pig?) Inicial Final
00:00 0.00

0.99402 03:00 140 140.84
0.51848 03:30 160 308.59
35 0.24850 04:30 125 503.02 4:28 5:32
0.07669 05:00 130 1695.14
0.04908 05:18 150 3056.23
0.02761 05:48 200 7243.75
00:00 0.00
0.99402 03:30 145 145.87
0.51848 03:48 140 270.02
45 0.24850 04:36 130 523.14 4:25 5:30
0.07669 05:00 160 2086.32
0.04908 05:24 130 2648.74
0.02761 05:48 200 7243.75
00:00 0.00
0.99402 03:30 120 120.72
0.51848 03:48 130 250.73
55 0.24850 04:25 125 503.02 4:20 5:23
0.07669 05:00 175 2281.91
0.04908 05:25 200 4074.98
0.02761 06:00 200 7243.75

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacién
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CONCRETO CON FIBRA
DOSIFICACION: 35 kg/m3 DE CONCRETO

ENSAYO DE TIEMPO DE FRAGUADO
A/IC =0.65

fGRAFlco 8.15 ]
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CONCRETO CON FIBRA
DOSIFICACION: 45 kg/m3 DE CONCRETO

ENSAYO DE TIEMPO DE FRAGUADO

A/IC =0.65
( GRAFICO 8.16 |
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CONCRETO CON FIBRA
DOSIFICACION: 55 kg/m3 DE CONCRETO

ENSAYO DE TIEMPO DE FRAGUADO

AIC = 0.65
( GRAFICO 8.17 |
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> RELACION AGUA CEMENTO 0.70

Dosificacion| Seccion Tiempo Fuerza | Resistencia] Fragua Fragua
(Kgim?®) Pig* Hr Lbs (Lbsiplg®) | Inicial Final
00:00 0.00

0.99402 03:00 120 120.72
0.51848 03:30 150 289.31
35 0.24850 0432 125 503.02 4:30 542
0.07669 04:48 160 2086.32 ‘
0.04908 05:45 200 4074.98
0.02761 05:48 170 6157.19
00:00 0.00
0.99402 03:30 - 160 160.96
0.51848 04:00 160 308.59
45 0.24850 04:30 125 503.02 4:27 5:36
0.07669 05.00 130 1695.14
0.04908 05:40 200 4074.98
0.02761 06:00 190 6881.56
00:00 0.00
0.99402 03:30 130 130.78
0.51848 04:00 130 250.73
55 0.24850 04:25 125 503.02 4:24 5:25
) 0.07669 05:12 130 1695.14
0.04908 05:28 200 4074.98
0.02761 06:00 180 6519.38
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CONCRETO CON FIBRA
DOSIFICACION: 35 kg/m® DE CONCRETO

ENSAYO DE TIEMPO DE FRAGUADO

AIC =0.70
[ GRAFICO 8.18 ]
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CONCRETO CON FIBRA
DOSIFICACION: 45 kg/m® DE CONCRETO

ENSAYO DE TIEMPO DE FRAGUADO

AIC =0.70
[ GRAFICO s.1ﬂ
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CONCRETO CON FIBRA
DOSIFICACION: 55 kg/m® DE CONCRETO

ENSAYO DE TIEMPO DE FRAGUADO

A/IC=0.70
[ GRAFICO 8.20 ]
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RESULTADOS DE LOS ENSAYOS

8.2.1.5 ENSAYO DE FLUIDEZ (%)
» RELACION AGUA CEMENTO 0.60

~

4

Dosificion Fluidez
(Kg/m®) (%)
35 102.76
45 98.82
55 93.24

> RELACION AGUA CEMENTO 0.65

Dosificacion Fluidez
(Kg/m®) (%)
35 106.04
45 103.41
55 96.19

> RELACION AGUA CEMENTO 0.70

Dosificacion Fluidez
(Kg/m’) (%)
35 107.35
45 102.43
55 97.51

8.2.1.6 ENSAYO DE CONTENIDO DE AIRE (%)
> RELACION AGUA CEMENTO 0.60

Dosificacion Contenido de Aire
(Kg/m®) (%)
35 1.90
45 2.10
55 2.14
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> RELACION AGUA CEMENTO 0.65

Dosificion Contenido de Aire
(Kg/m®) (%)
35 1.70
45 1.90
55 2.05

> RELACION AGUA CEMENTO 0.70

Dosificacion Contenido de Aire

(Kg/m?®) (%)
35.00 1.50
45.00 1.80
55.00 190

8.2.2 ENSAYOS EN EL CONCRETO ENDURECIDO

8.2.2.1 ENSAYO DE RESISTENCIA A LA COMPRESION (kg/cm?)
> RELACION AGUA CEMENTO 0.60
o DOSIFICACION DE LA FIBRA 35 Kg/m® DE CONCRETO

. Carga Diametro Resistencia Promedio
N° Dias 5 2
(Kg) (cm) (Kg/em®) (Kg/em®)
7 36700 15.00 207.68
7 35600 14.94 203.08 207.37
7 37200 14.97 211.35
14 43400 15.05 243.96
14 43800 15.00 247.86 249.12
14 45400 15.04 255.55
28 51100 14.80 297.03
28 54500 14.90 312.56
28 57000 14.80 331.33
28 54800 14.85 316.40 31273
28 53000 14.80 308.08
28 53500 14.80 310.99
42 55800 15.00 315.76
42 57800 14.80 335.98 334.47
42 60500 14.80 351.67

Tesis: “Estudio del comportamiento del concreto de mediana a bajé resistencia con la incorporacién
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RESULTADOS DE LOS ENSAYOS

o DOSIFICACION DE LA FIBRA 45 Kg/m* DE CONCRETO

o Carga Diametro Resistencia Promedio
N° Dias . 5
(Kg) _ (cm) (Kg/em?) (Kg/em?)
7 37500 14.94 213.91
7 38000 14.98 215.61 212.01
7 36200 14.94 206.50
14 44900 15.07 251.73
14 45400 15.00 256.91 252.78
14 44600 15.08 249.71
28 53300 14.84 308.15
28 52900 14.96 300.96
28 52500 14.80 305.17
28 52100 14.85 300.81 313.06
28 58000 14.80 337.14
28 56100 14.80 326.10
42 59600 14.80 346.44
42 54800 14.94 312.60 335.67
42 61000 14.94 347.97

o DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO

. Carga Diametro Resistencia Promedio
N° Dias 5 >
(Kg) (cm) (Kg/em’) (Kg/cm®)
7 37400 15 211.64
7 39300 14.89 225.69 224 .43
7 41700 15 235.97
14 42800 15.06 240.27
14 49400 14.94 281.80 259.28
14 44600 14.90 255.78
28 52000 14.80 302.27
28 55600 14.90 318.87
28 54700 14.80 317.96 315.01
28 51400 14.82 297.97
28 55800 15.00 315.76
28 59200 14.95 337.25
42 55000 14.93 314.16
42 60200 14.90 345.25 336.80
42 61200 14.90 350.98
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RESULTADOS DE LOS ENSAYOS

N

> RELACION AGUA CEMENTO 0.65

o DOSIFICACION DE LA FIBRA 35 Kg/m® DE CONCRETO

Resistencia

o s Carga Diametro Promedio
N° Dias s 5
(Kg) (cm) (Kg/em®) (Kgfem<)
7 29700 14.80 172.64
7 27000 14.82 156.52 156.88
7 25000 15.00 141.47
14 36800 14.90 211.05
14 36100 14.81 209.56 210.34
14 36200 14.80 21042
28 43400 15.02 244 .94
28 44000 14.80 255.76
28 43400 14.80 252.28
28 48400 14.80 281.34 259.77
28 47200 14.80 274.36
28 43000 14.80 249 .95
42 50800 14.90 291.34
42 50000 14.90 286.75 299.46
42 55100 14.80 320.29

o DOSIFICACION DE LA FIBRA 45 Kg/m3 DE CONCRETO

. Carga Diametro Resistencia Promedio
N° Dias 5 2
(Kg) (cm) (Kg/lcm®) (Kg/em?)
7 29300 15.20 161.47
7 31600 15.20 174.14 164.73
7 28400 15.10 158.59
14 35300 14.80 205.19
14 36300 14.81 210.72 211.88
14 37800 14.80 219.72
28 43000 14.95 244.96
28 48800 14.90 279.87
28 45400 14.90 260.37
28 43600 14.80 253.44 264.00
28 48400 14.81 280.96
28 46600 14.98 264.41
42 57200 14.90 328.04
42 55000 14.80 319.70 305.40
42 47000 14.93 268.46 ‘
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o DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO

o Carga Diametro Resistencia Promedio
N° Dias 2 2
(Kg) (cm) (Kg/iem®) (Kg/em®)
7 32000 14.92 183.03
7 28200 14.80 163.92 167.19
7 26600 14.80 154.62
14 39700 15.00 224.66
14 36900 14.94 210.49 219.11
14 39000 14.95 22217
28 45500 15.00 257.48
28 42800 14.80 248.79
28 43800 14.80 254.60
28 50000 14.80 290.64 269.13
28 50000 15.10 279.21
28 50200 15.00 284.07
42 57400 14.90 329.19
42 56500 15.00 319.72 311.26
42 49800 14.92 284.84

> RELACION AGUA CEMENTO 0.70

o DOSIFICACION DE LA FIBRA 35 Kg/m® DE CONCRETO

. Carga Diametro Resistencia Promedio
N° Dias 5 5
(Kg) (cm) (Kglen?) (Kg/em®?)
7 25600 14,96 145.64
7 23800 14.90 136.49 145.28
7 26800 14.90 153.70
14 35100 14.90 201.30
14 33900 14.80 197.05 203.33
14 36900 14.90 211.62
28 44400 15.00 251.25
28 42200 14.85 243.65
28 42800 15.05 240.59
28 41800 14.95 238.12 231.73
28 40600 14.97 230.67
28 39300 15.01 222.10
42 48600 14.83 281.36
42 43400 15.00 245.59 263.17
42 46400 15.00 262.57

143

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacién
de Fibras de Acero y CPT | Andino”



CAPI{TULO 8

RESULTADOS DE LOS ENSAYOS

o DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO

o DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO

e e Carga Diametro Resistencia Promedio
N° Dias 5 2
(Kg) (cm) (Kg/em”) (Kglem®)
7 26200 15.00 148.26
7 25200 14.83 145.89 148.47
7 26200 14.85 151.27
14 35400 14.80 205.77
14 35000 14.85 202.08 207.25
14 37800 15.00 213.90
28 39600 15.13 220.26
28 40600 15.00 229.75
28 40000 15.00 226.35
28 49100 14.90 281.59 239.90
28 45400 14.95 258.63
28 39800 15.08 222.84
42 52600 14.80 305.75
42 42400 14.97 240.90 267.78
42 45000 14.94 256.70

. Carga Diametro Resistencia Promedio
N°Dias 2 5
(Kg) (cm) (Kgiem) (Kg/cm”)
7 26300 14.94 150.03
7 28400 14.85 163.97 153.55
7 25400 14.85 146.65
14 35000 14.95 199.39
14 34300 14.80 199.38 203.65
14 37000 14.90 212.20
28 41700 14.90 239.15
28 41900 14.94 239.01
28 40200 14.95 229.01
28 38400 14.95 218.75 243.70
28 48800 14.94 278.37
28 45700 15.02 257.92
42 52200 14.95 297.37
42 42800 15.10 239.00 270.82
42 48400 14.94 276.09
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RESISTENCIA (Kg/cm?)

CON DIFERENTES DOSIFICACIONES DE FIBRA

RESISTENCIA A LA COMPRESION
a/c=0.60

[ GRAFICO 8.21 ]
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CAPITULO 8 RESULTADOS DE LOS ENSAYOS

8.2.2.2ENSAYO DE RESISTENCIA A LA TRACCION POR COMPRESION

DIAMETRAL (kg/cm?)
> RELACION AGUA CEMENTO 0.60
o DOSIFICACION DE LA FIBRA 35 Kg/m® DE CONCRETO

o Carga Diametro Luz Resistencia | Promedio
N° Dias 2 i 2
(Kg). (cm) (cm) (Kglem®) (Kg/lecm®)
28 22000 14.80 30.00 31.56 30.36
28 20400 14.85 30.00 29.15 '
o DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO
o e Carga Diametro Luz Resistencia | Promedio
N° Dias 2 2
(KQ (cm) (cm) (Kg/em®) (Kg/cm®)
28 22600 14.90 30.10 32.08 © 39 11
28 22800 15.00 30.10 32.15 ]
o DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO
o ¢ Carga Diametro Luz Resistencia| Promedio
N° Dias 2 2
(Kg) (cm) (cm) (Kglem”) | (Kg/em’)
28 24050 15.10 30.20 33.57. 34.67
28 25450 15.00 30.20 35.77 '
" > RELACION AGUA CEMENTO 0.65
o DOSIFICACION DE LA FIBRA 35 Kg/m® DE CONCRETO
N° Dias Carga Diametro Luz Resistencia}] Promedio
(Kg) (cm) (cm) (Kglem?®) | (Kg/em?)
28 18350 14.80 _ 30.00 26.31 25 41
28 17100 14.80 30.00 24.52 T

Lyt
P ,a
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CAPITULO 8

RESULTADOS DE LOS ENSAYOS

o DOSIFICACION DE LA FIBRA 45 Kg/m* DE CONCRETO

N° Dias Carga Diametro Luz Resistencia | Promedio
(Kg) _ (cm) (cm) (Kgiem?) | (Kglem?)
28 20100 14.80 30.10 28.72 27 51
28 18750 14.83 30.60 26.30 )
o DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO
, Carga Diametro Luz Resistencia { Promedio
N° Dias > 2
(Ka) (cm) (cm) (Kg/em®) (Kg/cm®)
28 17850 15.05 30.40 24.85 24.46
28 17300 15.10 30.30 24.07 )
> RELACION AGUA CEMENTO 0.70
o DOSIFICACION DE LA FIBRA 35 Kg/m® DE CONCRETO
. Carga Diametro Luz Resistencia | Promedio
N° Dias 2 )
(Kg) (cm) (cm) (Kg/lem”) (Kg/cm?)
28 17250 ' 14.90 30.00 24 .57 25.45
28 18550 14.90 30.10 26.33 '
o DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO
. Carga Diametro Luz Resistencia | Promedio
N° Dias 2 2
(Kg) (cm) (cm) (Kg/cm®) (Kg/em®)
28 20100 14.80 30.10 28.72 27 51
28 18750 14.83 30.60 26.30 ]
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CAPITULO 8

RESULTADOS DE LOS ENSAYOS

o DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO

Diametro Luz

o i~ Carga Resistencia | Promedio
N° Dias 2 L,
(Kg) (cm) (cm) (Kg/lem®) (Kg/cm®)
28 18000 15.05 30.00 25.38 25.70
28 18450 15.05 30.00 26.01 ’

8.2.2.3 ENSAYO DE MODULO DE ELASTICIDAD ESTATICO (10° kg/cm?)
> "RELACION AGUA CEMENTO 0.60

Dosificacion| Modulo Elastico Estéatico
Fibra kg/m’|  x100000 kg/em?

35 2.8970

45 2.9670

55 3.0900

> RELACION AGUA CEMENTO 0.65

Dosificacion | Modulo Elastico Estatico
Fibra kg/m’ x100000 kg/cm?
‘ 35 2.7980
45 2.8340
55 2.9110

> RELACION AGUA CEMENTO 0.70

Modulo Elastico Estatico

Dosificacion

Fibra kg/m® x100000 kg/em®
35 1 2.6040
45 2.6570
55 2.7560

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacion
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Esfuerzo} Def Unit MODULO ELASTICO ESTATICO RELACION a/c= 0.60

) 0 g

R DOSIFICACION DE FIBRA: 35 Kg/m® DE CONCRETO

2264 | 073 f GRAFICO 8.24 J
3395 | 1.8 300.00 i
45.27 163 ’,‘n
56.50 2.08

67.91 2.58 —

79.22 3.03 250.00

90.54 3.43

101.86 3.88

113.18 4.28 & 200.00

124.49 ~2.68 £ s
135.81 563 3 T
14713 |~ 6.03 X FIBRA: INSONEX
158.45 6.83 Q 150.00 LONGITUD: 40 mm
169.76 7.43 ﬁ E1

179.37 8.08 = -

tonsel 2% 1§ oo

213.00 | __10.78 E1 =1173

294,22 12.08 D1 =4.02

235.43 13.48 50.00 |- EO =15.20

24664 | 1558 - | D1 DO=0.5

257.85, 17.53 Eo .

269.06 20.38 . ‘

80.27 23.88 | 0.00 #+== N ' -
280.27 ' 00 20 40 60 80 100 120 140 160 180 20.0 22.0:240 26.0

DEFORMACION UNITARIA x E-04 (cm)
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Esfuerzo Def.Unit

101.0503 ggg MODULO ELASTICO ESTATICO RELACION al/c=0.60
23.06 0:90 DOSIFICACION DE FIBRA: 45 Kglm3 DE CONCRETO .
5160 T35 | GRAFICO8.25 |
46.13 1.76 350.00
57.66 2.30
69.19 2.65
T 30000 ——
10879 | 4.00 dl
11532 | 455 Pt
250.00
126.85 5.60 -~ /
138.38 6.30 g / I Ve e W e e W
149.91 6.95 2 200.00 . ~
161.42 ;.70 4 - / FIBRA: INSONEX
172.9 40 N LONGITUD: 40 mm
184.51 9.32 W 150.00
196.0 9. 2 E1
207.57 10.65 @ 1]
219.11 11.50 100.00
230.64 12.50 -
24217 | __13.50 [E,1 ='41 83’47
253.70 14.70 50.00 D1 EO = 1262
265.23 16.45 . DO =05
276.77 | 18.25 Eo T
288.30 | 20.80 0.00 ¥ —L ¥ —
299.83 23.75 00 20 40 60 80 100 12.0 140 16.0 180 20.0 22.0 24.0 26.0

DEFORMACION UNITARIA x E-04 (cm)
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Esfuerzo Def.Unit i ) ] ]

0.00 0.00 MODULO ELASTICO ESTATICO RELACION a/c=0.60

;;;Z 25 DOSIFICACION DE FIBRA: 55 Kg/m® DE CONCRETO

33.50 115 [ GRAFICO 826 |
44.67 1.60 300.00 E
55.84 210 !
67.01 2.55 _____._____/’
78.18 3.00 250,00 e

89.35 3.50 ' v

100.51 4.05

111.68 4.80 _

122.85 5.55 <€ 200.00

134.02 5.90 s

145.19 6.45 X / e
156.36 6.95 O 150.00 i i

167.52 7.65 N s

178.69 865 L E1 FIBRA: INSONEX
189.86 9.55 % 100.00 E1 = 1086 LONGITUD: 40 mm
201.03 10.10 u ' D1=4.05

212.20 10.95 EO=15.9

223.37 12.05 DO=0.5

234,53 13.20 50.00

24570 14.50 = D1

256.87 16.45 Do

268.04 | 20.10 0.00 4425

27921 24.09 00 20 40 60 80 100 120 140 160 180 20.0 22.0 240 26.0

DEFORMACION UNITARIA x E-04 (cm)
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MODULO ELASTICO ESTATICO RELACION alc= 0.65
DOSIFICACION DE FIBRA: 35 Kg/m® DE CONCRETO

Esfuerzo Def.Unit [ GRAFICO 8.27 J
0.00 0.00 50,00
11.36 0.35
22.73 0.75
34.09 1.25 o
45.45 165 200,00 4/‘/
56.82 215 .
68.18 2.45
79.54 2.75 P e
90.90 3.35 €
102.27 2.50 S 150.00 /
113.63 515 X :
124.99 5.85 Q FIBRA: INSONEX
136.36 6.65 E = / LONGITUD: 40 mm
147.72 7.40 2 100.00 / ,
159.08 8.30 @B
170.45 9.30 ST
179.37 9.05 , D1 = 3.97
190.58 11.85 50.00 D1 \gg = 1477
201.79 13.75 0= 05
213.00 16.20 | :
204,22 20.10 @
0.00 é—¥

00 20 40 60 80 100 120 140 16.0 180 20.0 220
DEFORMACION UNITARIA x E-04 (cm)
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MODULO ELASTICO ESTATICO RELACION a/c=0.65
DOSIFICACION DE FIBRA: 45 Kg/m® DE CONCRETO

Esfuerzo| Def,unit [—GRAFICO 8.28 ]
0.00 0.00 -
300.00
11.35 0.40
22.70 0.85
34.04 1.25
45.39 175 250.00
56.74 2.20 g
68.09 | 270 //'/
79.44 3.25 <« 200.00
90.78 3.75 g -
102.13 4.30 @
113.48 4.90 <
136.17 6.20 @ g ;
147 52 6.95 =) E1 i !
156 87 T3 & 100Ee__] FIBRA: INSONEX
. . A , _ ,
17023 880 LONGITUD: 40 mm
181.57 9.80 E1 C67 59
192.91 10.95 _
20426 | 12.25 50.00 -y [E); - ?'445
21561 13.95 5o DO = 0.5
226.96 16.25 } ; ;
23831 | 19.95 000 &2

00 20 40 60 80 100 120 140 16.0 180 200 220
DEFORMACION UNITARIA x E-04 (cm)
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MODULO ELASTICO ESTATICO RELACION a/c=0.65
DOSIFICACION DE FIBRA: 55 Kg/m® DE CONCRETO

Esfuerzo]  Def.Unit [ GRAFICO 8.29 ]

0.00 0.00 250.00

11.45 0.30

22.91 0.60 .
34.36 1.05 o
45.82 1.60 200.00 e
57.07 215

66.73 2.65 /

80.18 3.10 < /

91.64 3.90

103.09 410 EI 150.00 N T T T
114.55 4.90 <

126.00 5.90 g E1

137.46 7.05 @ FIBRA: INSONEX
148.91 7.65 D 100.00 | LONGITUD: 40 mm
160.37 8.55 @

171.82 9,50

183.28 10.60 = TToa63

194.73 11.85 ) 50.00 D1 = 4.02

206.18 13.30 = EO = 19.1

217.64 15.15 = DO =06

229.09 18.45 , Do

0.00 &~ : 4

. 000 200 400 6.00 800 1000 12.00 1400 16.00 18.00 20.00

DEFORMACION UNITARIA x E-04 {cm)
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MODULO ELASTICO ESTATICO RELACION alc= 0.70
DOSIFICACION DE FIBRA: 35 Kg/m® DE CONCRETO
[ GRAFICO8.30 |

Esfuerzo| Def.Unit 250.00

0.00 0.00

11.32 0.35

22.64 0.90 -

I~ /

33.95 1.35 200.00 /

45.27 1.85 _

56.59 2.35

67.91 2.85 g

7922 | 330 g 150.00 AR
90.54 3.80 2 g f ; ;
101.86 4.65 Py | s
11318 | 525 S FIBRA: INSONEX
124.49 5.90 % 100.00 LONGITUD: 40 mm

A )

135.81 6.80 -

147.13 7.65 w -—

158.45 8.65 E1 =86.01

169.76 9.80 D1=3825

50.00

179.37 11.35 E0=14.40

190.58 13.40 [[E D0=05

201.79 15.85 D

213.00 20.35 0.00 [Zl *

2.0 4.0 6.0 80 100 120 140 16.0 18.0 20.0 220

0.0
- DEFORMACION UNITARIA x E-04 (cm)
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MODULO ELASTICO ESTATICO RELACION a/c=0.70
DOSIFICACION DE FIBRA: 45Kg/m° DE CONCRETO

[GRAFICO 8.31 j

Esfuerzo Def.Unit 250'.00

0.00 0.00

11.38 | 020 el i
2276 0.75

200.00

34.13 1.45

45.51 1.95 el

56.89 275 < /

68.27 3.15 8

79'65 3'50 Q 150.00 R N U e W e
91.03 3.85 o

102.40 5.30 N |:E_T_]

113.78 6.30 & 00.00 FIBRA: INSONEX
125.16 7.30 L . LONGITUD: 40 mm
136.54 8.25 w

147 92 9.30 E1 =93.30

159.30 10.35 = D1=3.35

170.67 12.05 50.00 D1 | EO = 17.58

182.05 14.30 D0=0.5

193.43 16.70 o

204.81 19.00 0.00 ‘ ;

216.19 20.95 '

S5 e a0 00 20 40 60 80 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0

DEFORMACION UNITARIA x E-04 (cm)
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MODULO ELASTICO ESTATICO RELACION a/c=0.70
DOSIFICACION DE FIBRA: 55 Kg/m® DE CONCRETO
[ GRAFICO 8.32 ]

250.00
Esfuerzo Def.Unit
0.00 0.00
11.45 0.25 /-/" T
22.91 0.65 200.00 >
34.36 1.15
45.82 1.70 —
57.27 2.20 §
68.73 2.80 o 18000 s
80.18 3.40 =
91.64 3.85 g
103.09 4.65 i FIBRA: INSONEX
114.55 5.30 E 100.00 EU LONGITUD: 40 mm
126.00 6.10 @
137.46 7.00 E1 =87.50
148.91 __7.90 50.00 D1=18.60
160.37 8.85 : E0=3.80 -
171.82 9.90 DO=0.5
183.28 11.55 5
194.73 13.40 E‘ﬂ
206.18 16.15 0.00 ‘
217.64 21.40 0.00 2.00 400 6.00 8.00 1000 12.00 14.00 16.00 18.00 20.00 22.00 24.00

DEFORMACION UNITARIA x E-04 (cm)
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CAPITULO 8 RESULTADOS DE LOS ENSAYQS 160

8.2.2.4 ENSAYO DE RESISTENCIA A LA FLEXION (kg/cm?)
» RELACION AGUA CEMENTO 0.60

o DOSIFICACION DE LA FIBRA 35 Kg/m* DE CONCRETO

o Carga Base Altura Luz Modulo | Promedio
N°Dias 2 2
. (Kg) (cm) (cm) (cm) (Kglem®) | (Kg/em®)
28 2600 15.10 15.30 60.00 44.13
28 2420 15.20 15.00 60.00 - 42.46 43.89
28 2570 15.00 15.10 60.00 45.09
o DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO
. Carga Base Altura Luz Modulo | Promedio
N°Dias 2 2
(Kg) (cm) (cm) (cm) (Kglem') | (Kglem')
28 2600 15.10 15.30 60.00 44.13
28 2420 15.20 15.00 60.00 42 .46 43.89
28 2570 15.00 15.10 60.00 45.09
o DOSIFICACION DE LA FIBRA 55 K_gl,r[‘g3 DE CONCRETO
, Carga Base Altura Luz Modulo Promedio
N°Dias 2 2
(Kg) (cm) (cm) (cm) (Kglem®) | (Kg/lcm’)
28 2960 15.30 15.20 60.00 50.24
28 2710 15.10 15.30 60.00 46.00 48.88
28 2970 15.30 15.20 60.00 50.41

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacion
de Fibras de Aceroy CPT | Andino”




Carga Deflexién
(Kg) (x0.01mm)
0 0.00
200 5.00
400 9.00
600 11.00
800 13.00
1000 16.00
1200 18.00
1400 21.00
1600 24.00
1800 26.00
2000 29.00
2200 32.00
2400 38.00
2600 74.33
2200 102.00
1600 132.67
1400 180.00
1200 230.00
1000 290.00
800 350.00
600 450.00
400 500.00
[ Fluencia 2600 |

Tesis: "Estudio del comportamiento del concreto de mediana a baj‘a resistencia, con la incorporacion de Fibras de Acero y CPT | Andino"

CARGA (Kg)

ENSAYO DE FLEXION RELACION a/c=0.60
DOSIFICACION DE LA FIBRA 35 Kg/m3 DE CONCRETO
[ GRAFICO 8.34 ]

3000
2500 /'\\
VP e W o WV s WV o WV e WV
2000 ; 1
FIBRA: INSONEX
LONGITUD: 40 mm
1500 ~C
1000 - \\Q\
500 e
e
0
0.00 100.00 200.00 300.00 400.00 500.00

DEFLEXION (x0.01mm)

600.00



Carga Deflexion
(Ka) (x0.01mm)
0.00 0.00
200.00 4.00
400.00 8.00
600.00 12.00
800.00 18.00
1000.00 23.00
1200.00 25.00
1400.00 28.00
1600.00 30.00
1800.00 33.00
2000.00 35.00 |
2200.00 39.00
2400.00 44.33
2710.00 66.67
2400.00 133.33
2200.00 155.00
2000.00 165.00
1800.00 173.00
1600.00 195.00
1200.00 280.00
1000.00 350.00
800.00 390.00
600.00 520.00
400.00 673.33
| Fluencia 2710 |

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién de Fibras de Acero y CPT | Andino”

o

CARGA (Kg)

ENSAYO DE FLEXION RELACION a/c=0.60

DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO

[GRAFICO 8.35

3000.00
2500.00 /‘\ N,
2000.00
;
FIBRA: INSONEX
1500.00 \ LONGITUD: 40 mm
1000.00 - \
500.00 —
0.00
0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00

DEFLEXION (x0.01mm)

800.00



Carga Deflexién
(Kg) (x0.01mm)
286080 ggg ENSAYO DE FLEXION RELACION a/c=0.60
400:00 6.00 DOSIFICACION DE LA FIBRA 55 Kg/m3 DE CONCRETO
600.00 7.00 [GRAFICO 8.36 j
800.00 9.00 3500.00
1000.00 10.00
1200.00 13.00
1400.00 14.00 3000.00 4
1600.00 16.00
1800.00 18.00
- 2500.00
2000.00 20.00 e
2200.00 22.00 5 R
2400.00 25.00 ¥ 2000.00 - ;
2600.00 40.00 g FIBRA: INSONEX
2970.00 100.00 A - LONGITUD: 40 mm
260000 | 140.00 g 1500.00 \
2400.00 180.00
2200.00 219.00 1000.00 - \\
2000.00 238.00
1800.00 258.00 ; \\
1600.00 294.00 00.00 ——s
1400.00 337.00
1200.00 390.00 0.00
1000.00 445.00
: 0.00  100.00 200.00 300.00  400.00 . . .
800,90 - 500.00 600.00 700.00  800.00
600.00 575.00 DEFLEXION (x0.01mm)
400.00 750.00
| Fluencia 2970 l
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ENSAYO DE FLEXION
GRAFICA COMPARATIVA CON DIFERENTES DOSIFICACIONES DE FIBRA
RELACION A/C:0.60

3500

- A
i
2500 A\ i
207 \\\ FIBRA: INSONI;X
1500 \k — LONGITUD: 40 mm
% S
%\‘\

CARGA (KG)

Ty

0.00 100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.00
DEFLEXION (x0.01mm)

—o—35FIBRA ——45FIBRA —A—55FIBRA —e—PATRON
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CAPITULO 8

RESULTADOS DE LOS ENSAYOS

> RELACION AGUA CEMENTO 0.65

o DOSIFICACION DE LA FIBRA 35 Kg/m* DE CONCRETO

N°Dias géérga Base . Altura Luz Modulo | Promedio
(Kg) (cm) (cm) cm) | (Kglem?) | (Kglem?)
28 2260 15.00 15.00 60.00 40.18
28 2300 15.30 15.00 60.00 40.09 40.38
28 2330 15.20 15.00 60.00 40.88
o DOSIFICACION DE LA FIBRA 45 Kg/im* DE CONCRETO
o Carga Base Altura Luz Modulo | Promedio
N°Dias 2 ”
(K49) (cm) (cm) (cm) (Kg/lem®) | (Kglem’)
28 2320 15.00 15.00 60.00 41.24
28 2290 15.10 15.00 60.00 40.44 41.11
28 2390 15.30 15.00 60.00 41.66
o DOSIFICACION DE LA FIBRA 55 Kg/m* DE CONCRETO
. Carga Base Altura Luz Modulo Promedio
N°Dias _ 2 2
(Kg) (cm) (cm) (cm)® (Kglem’), | (Kglem?)
28 2530 15.00 15.00 60.00 44.98
28 2480 15.10 15.20 60.00 42.65 43.85
28 2570 15.00 15.30 60.00 43.91

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia con la incorporacién
de Fibras de Acero y CPT | Andino”




Carga Deflexion RESISTENCIA A LA FLEXION RELACION a/c=0.65
(Ka) | (x0.00mm) DOSIFICACION DE LA FIBRA 35 Kg/m® DE CONCRETO
200 3.00 (GRAFICO 8.37 ]
400 5.00 2500
600 - 4.50
800- 8.00
1000 10.00
1200 12.00 2000 -—o-
1400 13.50
1600 15.00
. 0 | |
2000 19.00 g 150 [
2900 21.00 < FIBRA: IN.SONEX
2000 35.00 8 _ LONGITUD: 40 mm
1800 38.00 S 1000
1600 48.00
1400 60.00
1200 70.00 \0\_\
1000 130.00 500
800 190.00
600 234.00
400 600.00 0
0.0 100.00 200.00 300.00 400.00 00.00 600. .
[Fiuencia 2330 | 0 0 5 00 700.00

DEFLEXION (x0.01mm)
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Carga Deflexion
(Kg) (x0.01mm)
0.00 0.00

200.00 5.00

400.00 8.00

600.00 11.00

800.00 14.00

1000.00 17.00

1200.00 20.00

1400.00 22.00

1600.00 25.00

1800.00 28.00

2000.00 31.00

2120.00 42.00

2000.00 50.00

2290.00 80.00

2200.00 110.00

1800.00 173.00

1600.00 244.00

1400.00 320.00

1200.00 350.00

1000.00 403.00
800.00 463.00

600.00 628.00
400.00 790.00

| Fluencia 2290 |
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CARGA (Kg)

RESISTENCIA A LA FLEXION RELACION a/c=0.65
DOSIFICACION DE LA FIBRA 45 Kg/m3 DE CONCRETO

[GRAFICO 8.38
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Carga Deflexién
(Kg) (x0.01mm)
0.00 0.00

200.00 3.00

400.00 6.00

600.00 9.00

800.00 12.00

1000.00 14.00
1200.00 17.00
1400.00 20.00
1600.00 22.00
1800.00 25.00
2000.00 27.00
2200.00 31.00
2400.00 35.00
2570.00 50.00
2000.00 90.00

1800.00 120.00

2000.00 140.00

1800.00 200.00

1600.00 292.00

1400.00 325.00

1200.00 465.00

1000.00 557.00

800.00 800.00

| Fluencia 2570 |

CARGA (Kg)

RESISTENCIA A LA FLEXION RELACION a/c=0.65
DOSIFICACION DE LA FIBRA 55 Kglm3 DE CONCRETO
[GRAFlco 8.39 j
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Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion Fibras de Acero y CPT | Andino"



ENSAYO DE FLEXION
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RESULTADOS DE LOS ENSAYOS

> RELACION AGUA CEMENTO 0.70

o DOSIFICACION DE LA FIBRA 35 Kg/m®* DE CONCRETO

o Carga Base Altura Luz Modulo | Promedio
N°Dias 2 ”
(Kg) (cm) (cm) (cm) (Kg/lem®) | (Kglem")
28 2240 15.20 15.30 60.00 37.77
28 2100 15.50 15.40 60.00 34.28 36.63
28 2200 15.30 15.10 60.00 37.84
o DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO
. Carga Base Altura Luz Modulo Promedio
N°Dias 2 .
(Kg) (cm) (cm) (cm) (Kglcm®) | (Kg/em®)
28 2140 15.00 15.20 60.00 37.05
28 2180 15.20 15.00 60.00 38.25 37.62
28 2170 15.00 15.20 60.00 37.57
o DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO
N°Dias Carga Base Altura Luz Modulo | Promedio
(ﬁ]) (cm) (cm) (cm) (KglcmZ) (Kg/cm2)
28 2350 15.30 15.20 60.00 39.89
28 2240 15.10 15.20 60.00 38.52 39.86
28 2410 15.20 15.20 60.00 41.18
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de Fibras de Acero y CPT | Andino”




Carga Deflexion
(P;Q) (Xo-g'églm) RESISTENCIA A LA FLEXION RELACION a/c=0.70
200 3.00 DOSIFICACION DE LA FIBRA 35 Kglm3 DE CONCRETO
400 7.00 (GRAFICO 840 |
600 10.00 2500
800 13.00 ‘
1000__| __ 17.00
1200 20,00
1400 23.00 2000 -
1600 26.00
1800 30.00
2200 38.00 g 150 |
2240 45.00 < FIBRA: INSONEX
2000 63.00 e LONGITUD: 40 mm
1800 83.00 S 1000 + _
1600 180.00
1400 245,00 e
1200 300.00 T~
1000 342.00 500
800 438.00
600 605.00
400 778.00 0
Frusncia 5] 000 10000 200.00 300.00 40000 50000 600.00 70000 800.00 900.00

DEFLEXION (x0.01mm)

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion de Fibras de Acero y CPT | Andino"



Carga Deflexion
(Kg) (x0.01mm)
0 0.00
200 5.00
400 13.00
600 19.00
800 35.00
1000 40.00
1200 44.00
1400 48.00
1600 51.00
1800 53.00
2340 56.00
1800 85.00
1600 200.00
1400 255.00
1200 318.00
1000 425.00
800 545.00
600 655.00
400 800.00
.| Fluencia 2180 |

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién de Fibras de Acero y CPT | Andino"

CARGA (Kg)

RESISTENCIA A LA FLEXION RELACION a/c=0.70
DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO

[GRAFICO 8.41 ]
2500
2000 \
I e U o WV e WV e W e W el

1500 \‘\ FIBRA: INSONEX

\\ LONGITUD: 40 mm
. \\

500 \\\

0

0.00

100.00

200.00

300.00

400.00 500.00 600.00
DEFLEXION (x0.01mm)

700.00 800.00

900.00



Carga Deflexién
(Kg) (x0.01mm)
0.00 0.00

200.00 5.00

400.00 10.00

€00.00 13.00

800.00 18.00

1000.00 22.00
1200.00 25.00
1400.00 28.00
1600.00 32.00
1800.00 35.00
2000.00 39.00.
2410.00 41.00
2100.00 65.00
2200.00 90.00
2000.00 175.00

1800.00 213.00

1600.00 270.00

1400.00 335.00

1200.00 390.00

1000.00 500.00

800.00 620.00

600.00 700.00

400.00 920.00

| Fluencia 2410 |

CARGA (Kg)

RESISTENCIA A LA FLEXION RELACION a/c=0.70
DOSIFICACION DE LA FIBRA 45 Kg/im® DE CONCRETO

[GRAHCOSAZ ]

3000.00

2500.00

2000.00 -

~.

FIBRA: INSONEX
LONGITUD: 40 mm

1500.00

\

1000.00 +-

TS

500.00

0.00 &
0.00

100.00 200.00 300.00 400.00 500.00 600.00 700.00 800.00 900.00 1000.00
DEFLEXION (x0.01mm)

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién de Fibras de Acero y CPT | Andino"



ENSAYO DE FLEXION
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8.2.2.5 ENSAYO DE RESISTENCIA AL IMPACTO (N° Golpes)
> RELACION AGUA CEMENTO 0.60

o DOSIFICACION DE LA FIBRA 35 Kg/m® DE CONCRETO

N° Dias Altura Diametro N° Golpes
H Prom D Prom G Prom
28 6.68 14.95 47
28 6.50 6.49 14.95 14.94 95 72
28 6.30 14.92 75
42 6.80 14.90 107
42 6.90 6.70 15.00 14.97 109 99
42 6.40 15.00 80
o DOSIFICACION DE LA FIBRA 45 Kg/m* DE CONCRETO
o v Altura Diametro N° Golpes
N Dias H Prom D Prom G " Prom
28 6.20 15.10 75
28 6.58 6.46 15.00 15.03 125 87
28 6.60 : 15.00 60
42 6.90 14.90 150
42 6.50 6.70 15.00 | 14.97 90 130
42 6.70 15.00 150
o DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO
o s Altura Diametro N° Golpes
N* Dias H Prom D Prom G Prom
28 6.67 15.10 50
28 6.63 6.63 14.95 14.95 120 107
28 . 6.6 14.80 150
42 6.60 15.00 150
42 6.70 6.60 15.00 15.00 150 135
42 6.50 '15.00 105
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ENSAYO DE IMPACTO
RELACION A/C=0.60
CON DIFERENTES DOSIFICACIONES DE FIBRA

L GRAFICO 8.437

o 160
140
— 133
120 T
;// /
s = ! rsd _—
¢ FIBRA: INSONEX w72 .66
Z g0 LONGITUD: 40 mm *e
40
20
0
0 5 10 15 20 25 30 35 40 45

Edad (Dias)

——Patron #-35F —4&—45F —%55F

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion de Fibras de Acero y CPT | Andino"



CAPITULO 8 RESULTADOS DE LOS ENSAYOS 177

» RELACION AGUA CEMENTO 0.65

o DOSIFICACION DE LA FIBRA 35 Kg/m® DE CONCRETO

N° Dias Altura Diametro N° Golpes
H Prom D Prom G Prom
28 6.50 14.90 68
28 6.65 6.55 15.00 14.95 55 58
28 6.50 14.95 52
42 6.60 14.90 71
42 6.50 6.50 14.92 14.92 68 69
42 6.40 14.95 67
o DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO
o ¢ Altura Diametro N° Golpes
N Dias H Prom D Prom G Prom
28 6.45 15.00 57
28 6.55 6.55 15.10 14.99 55 61
28 6.65 14.88 71
42 6.50 14.95 65
42 6.51 6.50 14.90 14.90 80 77
42 6.50 14.85 85
o DOSIFICACION DE LA FIBRA 55 Kg/m* DE CONCRETO
o i Altura Diametro N° Golpes
N Dias . H Prom D Prom G Prom
28 6.55 15.00 61
28 6.40 6.52 15.00 14.97 70 70
28 6.60 14.90 78
42 6.50 14.90 75 :
42 6.45 6.45 14.92 14.91 79 79
42 6.40 14,92 84
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ENSAYO DE IMPACTO
RELACION A/C=0.65
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> RELACION AGUA CEMENTO 0.70

o DOSIFICACION DE LA FIBRA 35 Kg/m*> DE CONCRETO

N° Dias Altura Diametro N° Golpes
H Prom D Prom G Prom
28 6.41 14.85 51
28 6.65 6.50 15.00 14.92 49 52
28 6.45 14.90 56
42 6.50 "~ 14.90 48
42 6.45 6.53 15.00 14.97 60 55
42 6.65 15.00 56
o DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO
o ¢ Altura Diametro N° Golpes
N* Dias H Prom D Prom G Prom
28 6.70 15.00 61 '
28 6.40 '6.52 15.05 14.98 58 60
28 6.45 14.90 61
42 6.40 14.80 58
42 6.45 6.52 14.80 14.80 50 62
42 6.70 14.80 77
o DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO
° T Altura Diametro N° Golpes
N Dias H Prom D Prom G Prom
28 6.60 15.00 69 ‘
28 6.50 6.57 15.00 14.93 55 66
28 6.6 14.80 74
42 6.60 14.80 80
42 6.60 6.57 14.80 14.83 70 72
42 6.50 14.90 65
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ENSAYO DE IMPACTO
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9.1 GENERALIDADES

En el presente capitulo se analizara los resultados obtenidos en la presente
investigaciéon. Los ensayos realizados en la presente tesis estdn normados por las
Normas Técnicas Peruanas (NTP) antes denominadas ITINTEC.

La presente tesis llamado: “Estudio del comportamiento del concreto de mediana a
baja resistencia con la incorporacion de Fibras de Acero y cemento Pértland tipo | Andino”
tiene como objetivo realizar la investigacion de la variaciéon de las propiedades del
concreto para las relaciones agua/cemento de 0.60, 0.65, 0.70; empleando dosificaciones
de fibra de 35, 45, 55 kg/m® de concreto que seran comparados con el concreto patrén. La

longitud de las fibras de acero es de 40 mm.

La fibra de acero utilizado para el presente tema de investigaciéon es INSONEX
cuya fabricacién esta representado por la empresa INSOMIN

Los ensayos realizados en el concreto fueron: En el concreto fresco:
Asentamiento, Exudacién, Peso Unitario, Tiempo de_Fragua, Fluidez, Contenido de Aire;
en el concreto endurecido: Resistencia a la Compresion,. Traccion por Compresion

Diametral, Mddulo Elastico Estatico, Flexion, Impacto.

El presente capitulo constituye pues la parte méas importante de la investigacion
realizada debido a que del andlisis hecho en el mismo, obtendremos las conclusiones y
‘ podremo$ plantear [as recomendaciones respectivas.

9.2 ANALISIS DE LOS AGREGADOS

La calidad del agregado es de suma importancia, debido a su influencia en el
vlolumen de concreto al ocupar aproximadamente las tres cuartas partes. El agregado no
solo puede limitar la resistencia del concreto, sino que sus propiedades pueden afectar
enormemente su durabilidad y desempefio. Desde el punto de vista econémico, es
ventajoso emplear una mezcla con el menor posible de cemento, aunque el costo debe

balancearse con las propiedades deseadas del concreto en estado fresco y endurecido.

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacién
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Un agregado cuyas propiedades resulten satisfactorias hara siempre un buen
concreto, pero un agregado de propiedades que se consideran inferiores también podra
lograr la calidad deseada. Por ello es necesario un criterio para el desempefio del

concreto, por lo que conviene someterlo a prueba para determinar su valor.

9.21 ANALISIS DEL AGREGADO FINO
El agregado fino que se utilizé en el presenfe tema de investigacion es proveniente

de la cantera “gloria”

Las caracteristicas fisicas del agregado fino con mayor influencia en el desempefio
del concreto son : La granulometria, modulo de finura, contenido de humedad, % de
absorcién y % de finos que pasa la malla N° 200

En el andlisis granulométrico realizado al graficar la curva granulométrica podemos
observar que esta se encuentra dentro de los limites determinados por la~ASTM C-33,
esta curva-tiene una tendencia hacia una arena gruesa, esto permite que tenga una
buena adherencia 'y trabajabilidad en el concreto.

De hecho no existe una gradacién o distribucién por tamarios ideal debido a la
interaccion de los factores que influyen en la manejabilidad; el area de la superficie del
agregado, que determina la cantidad de agua necesaria para humedecer todos los
solidos; el volumen relativo ocupado por el agregado; la cantidad de material fino en la

mezcla.

El médulo de finura obtenido es 3.01, los valores tipicos tienen un rango entre 2.3
y 3.1 donde un valor mas alto indica una gradacién mas gruesa. Lo usual es que se
calcule el modulo de finura para un agregado fino que para un agregado grueso. La
utilidad del modulo de finura radica en la deteccién de variaciones ligeras en un agregado

de la misma fuente, que podrian afectar la manejabilidad del concreto fresco.

El contenido de humedad obtenido es 1.49% y la absorcion es 2.96%, que es
utilizado en el calculo de las series de cantidades y del requerimiento total del agua de la
mezcla, estos valores deben medirse con frecuencia debido a que sufren cambios con el

clima, estos ensayos se realizaron en la época de verano.
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9.2.2 ANALISIS DEL AGREGADO GRUESO
El agregado fino que se utilizé en el presente tema de investigacion es proveniente
de la cantera “gloria”

En el anélisis granulométrico realizado al agregado grueso se puede observar que
esta se encuentra dentro de los limites del huso ASTM # 57, debido a que su tamafio
nominal varia de 1” a N° 4, el tamaric maximo es de 1” y el tamafo nominal maximo es de
17, esto nos da una idea que un concreto preparado con nuestro agregado grueso puede
discurrirse sin dificultad entre los encofrados y los paquetes de varillas colocadas,
evitando de esta manera la formacién de cavidades llamadas cangrejeras.

El moduio de finura obtenido seglin ensayo es de 7.13 indicando un valor optimo, que nos
permitira una reduccién de agua.

9.2.3 ANALISIS DEL AGREGADO GLOBAL
El agregado global es el que se obtiene de la combinacién del agregado fino y
grueso mediante un porcentaje optimo, obteniendo 51% de agregado fino y 49% de
agregado grueso, luego se calcula el modulo de finura utilizando el mismo procedimiento
para el agregado fino o grueso, obteniendo un valor de 5.03

La evaluacién individual de la granulometria, tanto de la piedra como de la arena
no son suficientes, y mas aun cuando se da el caso generalmente de que estos
elementos evaluados individualmente, no cumplan con los usos estipulados por la norma
ASTM C-33.

Es por ello que logrando una participacién porcentual de estos 2 elementos
podremos lograr una distribucién de particulas. Estas combinaciones se le puede evaluar
utilizando curvas teéricas y de husos totales, uno de elios es el HUSO DIN 1045 el cual se
muestra en el cuadro N° 2.12 y la grafica 2.4 , se puede observar en dicha grafica que la
curva granulométrica del agregado global tiende a comportarse hacia la parte central de

los limites lo cual es aceptable.

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion
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9.3  ANALISIS COMPARATIVO EN EL CONCRETO FRESCO
9.3.1 ENSAYO DE ASENTAMIENTO (plg)

Dosificacién de Fibra Asentamiento
Kg/m® de Concreto | a/c:060 | a/c.0.65 | alc:0.70
Patrén (0) 5 5 5
35 31/2 33/4 4
45 31/4 31/2 33/4
55 3 31/4 31/2

VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Dosificacion de Fibra Porcentaje
Kg/m® de Concreto | a/c:0.60 | a/c:0.65 | a/c.0.70
Patron (0) 100.00 | 100.00 | 100.00
35 70.00 75.00 80.00
45 65.00 70.00 75.00
55 60.00 65.00 70.00

De los cuadros anteriores podemos observar que el Asentamiento en el concreto
adicionado con Fibras de Acero disminuye desde un intervalo de 41/2" - 51/2 a un
intervalo de 3" — 4” conforme se incrementa la fibra. De esta manera en el cuadro de
variacion porcentual con respecto al concreto patrén para las relaciones de agua/cemento
podemos decir lo siguiente

Relacién 0.60 : disminuye en 30%, 35%, 40% para las dosificaciones de fibra de
35, 45, 55 kg/m® de concreto

Relacién 0.65 : disminuye en 25%, 30%, 35% para las dosificaciones de fibra de
35, 45, 55 kg/m® de concreto

Relacion 0.70 : disminuye en 20%, 25%, 30% para las dosificaciones de fibra de
35, 45, 55 kg/m® de concreto.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
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9.3.2 ENSAYO DE EXUDACION (%)

Dosificacion de Fibra Exudacion (%)
Ka/m® de Concreto alc.060 | alc.o65 | alc0.70
Patrén (0) 2.58 277 2.83
35 2.50 270 279
45 242 2.50 253
55 2.30 243 244

VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Dosificacion de Fibra Porcentaje (%)
Ka/m® de Concreto alc:.060 | alc.0.65 0.70
Patron (0) 100.00 100.00 100.00
35 96.93 97.18 98.90
45 93.80 88.97 89.85
55 88.95 87.47 86.38

De los cuadros anteriores podemos observar que la Exudaciéon disminuye
conforme se afade fibra de acero al concreto patrén. De esta manera en el cuadro de
variacién porcentual para las relaciones de agua/cemento decimos:

Relacién 0.60 : disminuye en 3.07%, 6.20%, 11.05% para las dosificaciones de
fibra de 35, 45, 55 kg/m® de concreto respectivamente.

Relacién 0.65 : disminuye en 2.82%, 10.03%, 12.53% para las dosificaciones de
fibra de 35, 45, 55 kg/m3 de concreto respectivémente. '

Relacién 0.70 : disminuye en 1.10%, 10.35%, 13.62% para las dosificaciones de
fibra de 35, 45, 55 kg/m® de concreto respectivamente.

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion
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. 9.3.3 ENSAYO DE PESO UNITARIO COMPACTADO (kg/cm?)

Dosificacién de Fibra P.U.C. (g;/cmZ)
Kg/im® de Concreto | a/c:0.60 | a2/c.065 | a/c.0.70
Patron (0) 244286 | 2450.00 | 2450.00
35 2446 .43 2478.57 2457.14
45 2450.00 2485.71 2492 .86
55 2464.29 2492.86 2500.00

VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Dosificacién de Fibra Porcentaje (%)
Ka/m° de Concreto alc.060 | alc.065 | alc.0.70
Patrén (0) 100.00 100.00 100.00
35 100.15 101.17 100.29
45 100.29 101.46 101.75
55 100.88 101.75 102.04

De los cuadros anteriores podemos observar que el Peso Unitario Compactado
aumenta conforme se afade fibra de acero insonex concreto patrén. De esta manera en
el cuadro de variacion porcentual para las relaciones de agua/cemento decimos:

Relacién 0.60 : aumenta en 0.15%, 0.29%, 0.88% para las dosificaciones de fibra
de 35, 45, 55 kg/m® de concreto respectivamente.

Relacion 0.65 : aumenta en 1.17%, 1.46%, 1.75% para las dosificaciones de fibra
de 35, 45, 55 kg/m® de concreto respectivamente.

Relacién 0.70 : aumenta en 0.29%, 1.75%, 2.04% para las dosificaciones de fibra

de 35, 45, 55 kg/m® de concreto respectivamente.

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion
de Fibras de Acero y CPTI Andino.”
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9.3.4 ENSAYO DE TIEMPO DE FRAGUADO (Hr:min)

> FRAGUADO INICIAL

Dosificacion de Fibra Fraguado Inicial (Hr:min)
Kg/m® de Concreto | a/c:0.60 | a/c:0.65 | a/c.0.70
Patron (0) 04:20 04:30 04:35
35 04:15 04:28 04:30
45 04:11 04:25 04:27
55 04:.06 04:20 04:24

VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Dossificacion de Fibra Porcentaje (%)
_Kg/m®de Concreto | a/c:0.60 | a/c0.65 | alc:0.70
Patrén (0) 100.00 100.00 100.00
35 98.08 99.26 98.18
45 96.54 98.15 97.09
55 94.62 96.30 96.00

191

De los cuadros anteriores podemos observar que el Tiempo de Fraguado Inicial

disminuye conforme se afade fibra de acero insonex al concreto patrén. De esta manera

en el cuadro de variaciéon porcentual para las relaciones de agua/cemento decimos:

Relaci6n 0.60 : disminuye en 1.92%, 3.46%, 5.38% para las dosificaciones de fibra

de 35, 45, 55 kg/m3 de concreto respectivamente.

Relacion 0.65 : disminuye en 0.74%, 1.85%, 3.70% para las dosificaciones de fibra

de 35, 45, 55 kg/m° de concreto respectivamente.

Relacién 0.70 : disminuye en 1.82%, 2.91%, 4.00% para las dosificaciones de fibra

de 35, 45, 55 kg/m® de concreto respectivamente.

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion

de Fibras de Acero y CPTI Andino.”
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> FRAGUADO FINAL

Dosificacion de Fibra Fraguado Final (Hr.min)
_Kg/m® de Concreto | a/c.0.60 | a/c.0.65 | a/c.0.70
“Patrén (0) 05:25 05:35 05:45
35 05:20 05:32 05:42
45 05:16 05:30 05:36
55 05:10 05:23 05:25

VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

193

Dosificacién de Fibra Porcentaié (%)
Ka/m® de Concreto | a/c:0.60 | alc.0.65 | a/c0.70
Patrén (0) 100.00 100.00 100.00
35 98.46 99.10 99.13
45 97.13 98.51 97.39
55 95.38 96.42 94.20

De los cuadros anteriores podemos observar que el Tiempo de Fraguado Final
disminuye conforme se afiade fibra de acero insonex al concreto patron. De esta manera
en el cuadro de variacién porcentual para las relaciones de agua/cemento decimos:

Relacién 0.60 : disminuye en 1.54%, 2.87%, 4.62% para [as dosificaciones de fibra
de 35, 45, 55 kg/m® de concreto respectivamente.

Relacién 0.65 : disminuye en 0.90%, 1.49%, 3.58% para Ias dosificaciones de fibra

de 35, 45, 55 kg/m® de concreto respectivamente.
Relacion 0.70 : disminuye en 0.87%, 2.61%, 5.80% para las dosificaciones de fibra

'

de 35, 45, 55 kg/m® de concreto respectivamente.

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorboracién
de Fibras de Acero y CPTI Andino.” i
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Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion de Fibras de Acero y CPT | Andino”



CAPITULO 9

ANALISIS DE LOS RESULTADOS

9.3.5 ENSAYO DE FLUIDEZ (%)

Dosificacion de Fibra Fluidez (%)
Kg/m® de Concreto | a/c:0.60 | a/c:0.65 | a/c.0.70
Patrén (0) 105.71 110.83 113.91
35 102.76 106.04 107.35
45 98.82 103.41 102.43
55 93.24 96.19 97.51

VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Dosificacion de Fibra Porcentaie (%)
Kg/m® de Concreto | a/c:0.60 | a/c:0.65 | a/c:0.70
Patrén (0) 100.00 | 100.00 | 100.00
35 97.21 95.68 94.24
45 93.48 93.31 89.92
55 88.21 86.80 85.60

De los cuadros anteriores podemos observar que la Fluidez disminuye conforme
se afade fibra de acero insonex al concreto patréon. De esta manera en el cuadro de
variacion porcentual para las relaciones de agua/cemento decimos:

Relacion 0.60 : disminuye en 2.79%, 6.52%, 11.79% para las dosificaciones de
fibra de 35, 45, 55 kg/m® de concreto respectivamente.

Relacion 0.65 : disminuye en 4.32%, 6.69%, 13.20% para las dosificaciones de
fibra de 35, 45, 55 kg/m® de concreto respectivamente.

Relacién 0.70 : disminuye en 5.76%, 10.08%, 14.40% para las dosificaciones de
fibra de 35, 45, 55 kg/m® de concreto respectivamente.

Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion
de Fibras de Acero y CPTI Andino.”

Tesis: “
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9.3.6 ENSAYO DE CONTENIDO DE AIRE (%)

Dosificacion de Fibra Contenido de Aire (%)
Kg/m® de Concreto | a/c:0.60 | a/c:0.65 | a/c.0.70
Patrén 1.60 1.50 1.40
35 1.90 1.70 1.50
45 2.10 1.90 1.80
55 2.14 2.05 1.90

VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Dosificacion de Fibra Porcentaje (%)
Kg/m® de Concreto | a/c.060 | a/c.065 | a/c.0.70
Patron 100.00 | 100.00 | 100.00
35 11875 | 11333 | 107.14
45 13125 | 12667 | 12857
55 13375 | 13667 | 135.71

De los cuadros anteriores podemos observar que el Contenido de Aire aumenta
conforme se afiade fibra de ac;ero insonex al concreto patrén. De esta manera en el
cuadro de variacién porcentual para las relaciones de agua/cemento decimos:

Relaciéon 0.60 : aumenta en 18.75%, 31.25%, 33.75% para las dosificaciones de
fibra de 35, 45, 55 kg/m® de concreto respectivamente.

Relacion 0.65 : aumenta en 13.33%, 26.67%, 36.67% para las dosificaciones de
fibra de 35, 45, 55 kg/m> de concreto respectivameny__a.

Relacién 0.70 : aumenta en 7.14%, 28.57%, 35.71% para las dosificaciones de

fibra de 35, 45, 55 kg/m?® de concreto respectivamente.

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion
de Fibras de Acero y CPTI Andino.”
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9.4 ANALISIS COMPARATIVO EN EL CONCRETO ENDURECIDO
9.4.1 ENSAYO DE RESISTENCIA A LA COMPRESION (kg/cm?)
> RELACION AGUA CEMENTO 0.60

Dosificacion de Fibra Resistencia Compresion (kg/cm?)
Kg/m3 de Concreto 7 Dias 14 Dias 28 Dias 42 Dias
Patrén 183.01 230.82 311.97 333.77
35 207.37 249.12 312.73 334 .47
45 212.01 252.78 313.06 335.67
55 224 .43 259.28 315.01 336.80
VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON
Dosificacion de Fibra Porcentaije (%)
Kg/ﬁm3 de Concreto 7 Dias 14 Dias 28 Dias 42 Dias
Patrén (0) 100.00 100.00 100.00 100.00
35 113.31 107.93 100.24 100.21
45 115.84 109.51  100.35 100.57
55 1 122.63 "~ 112.33 100.97 100.91
VARIACION PORCENTUAL CON RESPECTO A LOS 28 DIAS
Dosificacion de Fibra Porcentaje (%).
Ka/m® de Concreto 7 Dias 14 Dias 28 Dias 42 Dias
- Patrén (0) 58.66 73.99 100.00 106.99
35 66.31 79.66 100.00 106.95
45 67.72 80.75 ; 100.00 107.22
55 71.25 82.31 100.00 106.92°

de Fibras de Acero y CPTI Andino.”

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacién
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> RELACION AGUA CEMENTO 0.65

Dosificacion de Fibra Resistencia Compresion ( kg/cmz)
Ka/m® de Concreto 7 Dias 14Dias | 28Dias | 42 Dias
Patrén (0) 150.62 207.49 258.65 296.00
35 156.88 210.34 259.77 299.46
45 164.73 211.88 264.00 305.40
55 167.19 219.11 269.13 311.25

VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Dosificacion de Fibra Porcentaje (%)
Ka/m® de Concreto 7 Dias 14 Dias 28 Dias 42 Dias
Patrén (0) 100.00 100.00 100.00 100.00
35 104.15 101.38 100.43 101.17
45 109.37 102.12 102.07 103.18
55 111.00 105.60 104.05 105.15

VARIACION PORCENTUAL CON RESPECTO A LOS 28 DiAS

Dosificacion de Fibra Porcentaje (%)
Kg_;/m3 de Concreto 7 Dias 14 Dias 28 Dias 42 Dias
~ Patrén (0) 58.23 80.22 100.00 114.44
35 60.39 80.97 100.00 115.28
45 62.40 80.26 100.00 115.68
55 62.12 81.41 100.00 115.65

> RELACION AGUA CEMENTO 0.70

Dosificacion de Fibra Resistencia Compresion (kg/cm?)
Kg/m® de Concreto 7 Dias 14 Dias 28 Dias | 42 Dias
Patrén (0) 140.41 - 198.01 23490 261.85
35 145.28 20333 | 23773 263.17
45 148.47 207.25 239.90 267.78
55 153.55 213.34 243.70 270.82

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacién
de Fibras de Acero y CPTI Andino.”



CAPITULO 9

ANALISIS DE LOS RESULTADOS

201

VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Dosificacion de Fibra Porcentaje (%)
Ka/m® de Concreto 7 Dias 14 Dias | 28Dias | 42Dias
Patrén (0) 100.00 100.00 100.00 100.00
35 103.47 102.68 101.21 100.51
45 105.75 104.67 102.13 102.27
55 109.36 107.74 103.75 103.43
VARIACION PORCENTUAL CON RESPECTO A LOS 28 DIAS
Dosificacion de Fibra Porcentaje (%)
Ka/m® de Concreto 7 Dias 14 Dias 28 Dias 42 Dias
Patron (0) 59.77 84.30 100.00 111.47
35 61.11 85.53 100.00 110.70
45 61.89 86.39 100.00 111.62
55 63.01 87.54 100.00 111.13

De los cuadros anteriores podemos observar que la Resistencia a la Compresion
aumenta a los 7, 14, 28 y 42 dias conforme se afiade fibra de acero insonex al concreto

patrén.

De esta manera en el primer cuadro de variacién porcentual con respecto al
concreto patron para las relaciones de agua/cemento decimos:
- Relacién 0.60 : auménta hasta en 22.63% a los 7 dias, luego disminuye por
encima del concreto patrén alcanzando valores de 12.33% a los 14 dias, 0.97% a los 28
dias, 0.91% a los 42 dias para la dosificacién de fibra de. 55 kg/m® de cancreta.

Relacién 0.65 ;: aumenta hasta en 11.00% a los 7 dias, luego disminuye por
encima del concreto patrén alcanzando valores de 5.60% a los 14 dias, 4.05% a los 28
dias, 5.15% a los 42 dias para la dosificacion de fibra de 55 kg/m® de concreto

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion
de Fibras de Acero y CPTI Andino.” :
t
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Relacion 0.70 : aumenta hasta en 9.36% a los 7 dias, luego disminuye por encima
del concreto patrén alcanzando valores de 7.74% a los 14 dias 3.75% a los 28 dias,
3.43% a los 42 dias para la dosificacion de fibra de 55 kg/m® de concreto.

En el segundo cuadro denominado variacion porcentual con respecto a los 28 dias
podemos observar la siguiente tendencia:

Relacion 0.60 : El concreto patrén tiene 58.66% a los 7 dias, 73.99% a los 14 dias
y 106.99% a los 42 dias; para la dosificacion de 35 kg/m® de concreto tenemos 66.31% a
los 7 dias, 79.66% a los 14 dias, 106.95% a los 42 dias; para la dosificacién de 45 kg/m?
de concreto tenemos 67.72% a los 7 dias, 80.75% a los 14 dias, 107.22% a los 42 dias;
para la dosificacién de 55 kg/m® de concreto tenemos 71.25% a los 7 dias, 82.31% a los
14 dias, 106.92% a los 42 dias.

Relacioén 0.65 : El concreto patron tiene 58.23% a los 7 dias, 80.22% a los 14 dias
y 114.44% a los 42 dias; para la dosificacién de 35 kg/m? de concreto tenemos 60.39% a
los 7 dias, 80.97% a los 14 dias, 115.28% a los 42 dias; para la dosificacién de 45 kg/m®
de concreto tenemos 62.40% a los 7 dias, 80.26% a los 14 dias, 115.68% a los 42 dias;
para la dosificacién de 55 kg/m® de concreto tenemos 62.12% a los 7 dias, 81.41% a los
14 dias, 115.65% a los 42 dias.

Relacién 0.70 : El concreto patrdn tiene 59.77% a los 7 dias, 84.3% alos 14 dias y
111.47% a los 42 dias; para la dosificacién de 35 kg/m® de concreto tenemos 61.11% a
los 7 dias, 85.53% a los 14 dias, 110.70% a los 42 dias; para la dosificacién de 45 kg/m®
de concreto tenemos 61.89% a los 7 dias, 86.39% a los 14 dias, 111.62% a los 42 dias;
para la dosificacién de 55 kg/m® de concreto tenemos 63.01% a los 7 dias, 87.54% a los
14 dias, 111.13% a los 42 dias.

Tesis: * Estudio de comportamiento.del concreto de mediana a baja resistencia con la incorporacién
de Fibras de Acero y CPTI Andino.”
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9.4.2 ENSAYO DE RESISTENCIA A LA TRACCION POR COMPRESION

DIAMETRAL (kg/cm?)
Dosificacién de Fibra Resistencia Tracciéon C. D. ( kg/ﬁ'nz)
Kag/m® de Concreto a/c:0.60 | a/c:0.65 | a/c:0.70
Patrén (0) 29.58 25.04 22.73
35 30.36 25.41 24.46
45 32.11 27.51 25.45
55 34.67 29.14 25.70

CUADRO DE VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Dosificacion de Fibra Porcentaje (%)
Kg/m® de Concreto alc.0.60 alc.0.65 alc:0.70
Patron (0) 100.00 100.00 100.00
35 102.64 101.48 107.61
45 108.58 109.86 111.97
55 117.23. 116.37 113.07

De los cuadros anteriores podemos observar que la Resistencia a la Traccién por
Compresion Diametral aumenta conforme se afiade fibra de acero insonéx al concreto
patron. De esta manera en el cuadro de variacién porcentual para las reléc'io\mes de

agua/cemento decimos:

Relacion 0.60 : aumenta en 2.64%, 8.58%, 17.23% para las dosificaciones de fibra

de 35, 45, 55 kg/m"’" de concreto respectivamente.

Relacién 0.65 : aumenta en 1.48%, _9.86}{/3,_, 16.35% para las dosificaciones de fibra

de 35, 45, 55 kg/m? de concreto respectivamente.

Relacién 0.70 : aumenta en 7.61%, 11.96%, 13.05% para las dosificaciones de

fibra de 35, 45, 55 kg/m® de concreto respectivamente.

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion
de Fibras de Acero y CPTI Andino.”
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9.4.3 ENSAYO DE MODULO DE ELASTICIDAD ESTATICO (10° kg/cm?)

Dosificacién de Fibra Médulo de E. E. (10° kg/em?)
Ka/m® de Concreto al/c:0.60 a/c.0.65 alc.0.70
Patrén (0) ' 2.8525 2.7014 2.5656
35 2.8990 2.7980 2.6040
45 2.9670 2.8340 2.6570
55 3.0900 2.9110 2.7560

CUADRO DE VARIACI()N PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Dosificaciéon de Fibra Porcentaje (%)
Kg/m?® de Concreto alc:0.60 alc.0.65 alc.0.70
Patrén (0) 100.00 100.00 100.00
35 101.64 103.57 101.50
45 104.62 104.90 103.56
55 108.31 107.75 107.43

De los cuadros anteriores podemos observar que el Modulo de Elasticidad Estatico
aumenta conforme se anade fibra de acero insonex al concreto patron. De esta manera
en el cuadro de variacion porcentual para las relaciones de agua/cemento decimos:

Relacién 0.60 : Aumenta en 1.64%, 4.62%; 8.31% para las dosificaciones de fibra

de 35, 45, 55 kg/m® de concreto respectivamente.

Relacion 0.65 : Aumenta en 3.57%, 4.90%, 7.75% para las dosificaciones de fibra

de 35, 45, 55 kg/m® de concreto respectivamente.

Relacién 0.70 : Aumenta en 1.50%, 3.56%, 7.43% para las dosificaciones de fibra

de 35, 45, 55 kg/m® de concreto respectivamente.

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion
de Fibras de Acero y CPTI Andino.”
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9.4.4 ENSAYO DE RESISTENCIA A LA FLEXION EN VIGAS (kg/cm?)

Dosificacién de Fibra Resistencia a la Flexién (kg/cm?)
Kg/m® de Concreto alc:0.60 | a/c.0.65 | a/c.0.70
Patrén (0) 41.15 38.35 35.54

35 43.89 40.38 36.63

45 45.78 41.11 37.62

55 48.88 43.85 39.86

CUADRO DE VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Dosificacién de Fibra Porcentaje (%)
Kd/m® de Concreto a/c:0.60 | alc.0.65 | alc.0.70
Patron (0) 100.00 100.00 100.00
35 106.67 105.29 103.07
45 1112.60 107.20 105.86
55 118.81 114.33 112.17

De los cuadros anteriores podemos observar que la Resistencia a la Fiexion
aumenta conforme se afiade fibra de acero insonex al concreto patrén. De esta manera
en €l cuadro de variacion porcentual para las relaciones de agua/cemento decimos:

Relacion 0.60 : aumenta en 6.67%, 11.26%, 19.81% para las dosificaciones de
fibra de 35, 45, 55 kg/m® de concreto respectivamente.

Relacion 0.65 : aumenta en 5.29%, 7.20%, 14.33% para las dosificaciones de fibra

de 35, 45, 55 kg/m® de concreto respectivamente.

Relacién 0.70 : aumenta en 3.07%, 5.86%, 12.17% para las dosificaciones de fibra

de 35, 45, 55 kg/m® de concreto respectivamente.

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion
de Fibras de Acero y CPTI Andino.”



z

GRAFICA DE VARIACION PORCENTUAL

z

DE RESISTENCIA A LA FLEXION

FIBRA: INSONEX

LONGITUD: 40 mm| |

114.33

112.17.
S e

105.86

103.07

100.00

107.20}

105.29

100.00

130.00

—
x®
o0
p—]
—
O
N
~ <~_m_"_m¢_
i [RENETNRANEEE
B
) “<~_m_“_mn_H
)
g AT, \aw ]
= 1 NOMLY [0
— ..\..\.\.u\...\. ST \\.ﬂ...x.\....
O O O O O O O O 0O O O O O O O O
© & & 56 & 65 &6 6 5 & 3 © o 6 9 o
N O 1 O v O 1 O v O 1 O W O W O
N NN ~—~ v~ O O O O W O M~ M~ ©O© © v w
-— bl b and h el ~ h el
(%) IrvLN3DHOd

0.70

0.65

0.60

I3

RELACION a/c

|5l Patrén 35 F E145 F E55F |

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién de Fibras de Acero y CPT | Andino"



CAPITULO 9

ANALISIS DE LOS RESULTADOS

210

9.4.4 ENSAYO DE RESISTENCIA AL IMPACTO (N° Golpes)

Relacion Dosificacion de Fibra R. Impacto (N°Golpes)
alc Ka/m? de Concreto 28 Dias 42 Dias
Patrén (0) 63 66
35 72 99
0.60
45 87 130
55 107 135
Patron (0) 54 58
35 58 69
0.65
45 61 77
55 70 79
Patrén (0) 44 47
35 52 55
0.70
45 60 62
55 66 72

CUADRO DE VARIACION PORCENTUAL CON RESPECTO AL CONCRETO PATRON

Relacion Dosificacion de Fibra Porcentaje (%)

alc Ka/m® de Concreto 28 Dias 42 Dias

Patrén (0) 100 100

35 114 150

0.60 45 138 197

55 170 205

Patrén (0) 100 100

35 107 119

0.85 45 113 133

55 130 136

Patrén (0) 100 100

35 118 117

0.70 45 136 132

55 150 153

Tesis: “ Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion
de Fibras de Acero y CPTI Andino.”



CAPITULO 9 ANALISIS DE LOS RESULTADOS 211

De los cuadros anteriores podemos observar que la Resistencia al Impacto
aumenta conforme se afade fibra de acero insonex al concreto patrén. De esta manera
en el cuadro de variacion porcentual para las relaciones de agua/cemento tiene la

siguiente tendencia:

A los 28 dias:
Relacién 0.60 : aumenta en 14%, 38%, 70% para las dosificaciones de fibra de 35,
45, 55 kg/m® de concreto respectivamente.

Relacion 0.65 : aumenta en 7%, 13%, 30% para las dosificaciones de fibra de 35,
45, 55 kg/m® de concreto respectivamente.

Relacién 0.70 : aumenta en 18%, 36%, 50% para las dosificaciones de fibra de 35,

45, 55 kg/m® de concreto respectivamente.

A los 42 dias:
Relacién 0.60 : aumenta en 50%, 97%, 105% para las dosificaciones de fibra de

35, 45, 55 kg/m® de concreto respectivamente.

Relacion 0.65 : aumenta en 19%, 33%, 36% para las dosificaciones de fibra de 35,

45, 55 kg/m® de concreto respectivamente.

Relacion 0.70 : aumenta en 17%, 32%, 53% para las dosificaciones de fibra de 35,

45, 55 kg/m® de concreto respectivamente.

Tesis: * Estudio de comportamiento del concreto de mediana a baja resistencia con la incorporacion
de Fibras de Acero y CPTI Andino.”
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10.1 GENERALIDADES

El presente tema de investigacion denominado “Estudio del comportamiento del
concreto de mediana a baja resistencia, con la incorporacién de fibras de acero y
Cemento Pértland Tipo | Andino”®, estudia al concreto en el estado fresco y endurecido
que seran desarrolladas en el concreto patrén (sin fibras) y concreto con fibra de acero
con dosificaciones de 35, 45 ,55 kg/m® de concreto; para las relaciones de agua/cemento :

0.60, 0.65, 0.70, para luego poder ser comparadas.

Las fibras de acero que se han utilizado para el estudio, es INSONEX, que esta
representado por la empresa peruana INSOMIN, esta fibra de acero tiene una geometria
ondulada con una longitud de 40 mm, diametro 0.8 mm, longitud de onda 5mm, altura de
la onda 0.65 mm, resistencia minima a la traccién del alambre 76.5 kg/mm?, cuya forma
de suministro es en cajas de 40 kl.

Las fibras de acero son elementos artificiales que se introducen en la mezcla del concreto
como un refuerzo para mejorar algunas de sus propiedades, por le que se realizaron los

siguientes ensayos:

EN ESTADO FRESCO:
Ensayo de Asentamiento (plg)
Ensayo de Fluidez (%)
Ensayo de Peso Unitario Compactado (kc/m?)
Ensayo de Tiempo de Fraguado: Inicial y Final (Hr:min)
Ensayo de Contenido de Aire (%)
Ensayo de Exudacién (%)

EN ESTADO ENDURECIDO
Ensayo de Resistencia a la Compresion (kglem?)
Ensayo de Resistencia a la Traccién por Compresion Diametral (kg/em?)
Ensayo de Modulo de Elasticidad Estatico (1 0° kglcm?)
Ensayo de Resistencia a la Flexion (kg/cm?)
Ensayo de Resistencia al Impacto (N° Golpes)

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorparacion
de Fibras de Acero y CPT | Andino”
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10.2 CONCLUSIONES

1) El Asentamiento del concreto patrén (sin fibras) en el estado fresco disminuye al
conforme se aumenta la dosificacion de fibras de acero Insonex, desde un
intervalo de (4 %2’ — 5 %4”) a un intervalo de (3"— 4”), asi tenemos que la variacion
con respecto al concreto patrén es hasta 40%, 35%, 30%, para las relaciones de
agua/cemento: 0.60, 0.65, 0.70 respectivamente.

2) La Exudacion del concreto patrén (sin fibras) en el estado fresco disminuye
conforme se aumenta la dosificacion de fibras de acero insonex, asi tenemos que
la variacion con respecto al concreto patréon es hasta 11%, 12%, 13%, para las

relaciones de agua/cemento: 0.60, 0.65, 0.70 respectivamente.

3) El Peso Unitario Compactado del concreto patrdn (sin fibra) en el estado fresco
se incrementa conforme se aumenta la dosificacion de fibras de acero insonex,
asi tenemos que la variacién con respecto al concreto patron es hasta 0.8%, 1.7%,
2%, para las relaciones de agua/cemento: 0.60, 0.65, 0.70 respectivamente.

4) El Tiempo de Fraguado del concreto patrén (sin fibras) en el estado fresco,
disminuye conforme se aumenta la dosificacion de fibras de acero insonex, asi
tenemos que la variaciéon con respecto al concreto patron del Fraguado Inicial es
hasta 5%, 4%, 4%, y en el Fraguado Final 4%, 4%, 6% para las relaciones de

agua/cemento: 0.60, 0.65, 0.70 respectivamente

5) La Fluidez del concreto patréon (sin fibras) en el estado fresco, disminuye
conforme se aumenta la dosificacién de fibras de acero, asi tenemos que la
variacion con respecto al concreto patron es hasta 11%, 13%, 14% para las

relaciones de agua/cemento: 0.60, 0.65, 0.70 respectivamente.

6) El Contenido de Aire del concreto patrdn (sin fibras) en el estado fresco, se
incrementa conforme se aumenta la dosificacién de fibras de acero insonex, asi
tenemos que la variacién con respecto al concreto patrén es hasta 33%, 36%, 35%

para las relaciones de agua/cemento: 0.60, 0.65, 0.70 respectivamente.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacidn
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7) La Resistencia a la Compresion del concreto con fibras de acero insoﬁex en el
estado endurecidp tiene mayor resistencia a los 7, 14, 28 y 42 dias que el
concreto patrén, alcanzando valores de incremento de 23%, 7%, 9% a la ‘edad de
7 dias, para las relaciones de agua/cemento: 0.60, 0.65, 0.70 respectivamente.

8) La Resistencia a la Tracciéon por compresion diametral del concreto patrén (sin
fibras) en el estado endurecido, se incrementa conforme se aumenta la
dosificacién de fibras de acero insonex, asi tenemos que la variacién con fespecto
al concreto patrén alcanza valores de 17%, 16%, 13% para las relaciones de
agua/cemento: 0.60, 0.65, 0.70 respectivamente.

9) El Médulo de Elasticidad Estatico del concreto patrén (sin fibra) en el estado
endurecido se incrementa conforme se aumenta la dosificacion de fibra de acero
insonex, asi tenemos que la variacion con respecto al concreto patrén alcanza
valores de 8%, 8%, 7% para las relaciones de agua/cemento: 0.60, 0.65, 0.70

respectivamente.

10) La Resistencia a la Flexidn en vigas del concreto patrén (sin fibras) en el estado
endurecido se incrementa conforme se aumenta la dosificacién de fibras de acero
insonex, asi tenemos que la variacién con respecto al concreto patrén alcanza
valores de 20%, 14%, 12% para las relaciones agua/cemento: 0.60, 0.65, 0.70
respectivamente Asi mismo se pudo observar que la falla no es brusca en vigas
con fibras de acero debido a la presencia de estas en el plano de falla, permitiendo
retardar el crecimiento de grietas y aumentar la ductilidad. al transmitir esfuerzo a
través de la seccién agrietada por lo que es posible un deformacién mucho mayor.

11) Al realizar el corte a la viga, la longitud de la fibra de acero tuvo un incremento
de 2.5 mm (40 mm a 42.5 mm).

12) La Resistencia al Impacto en discos del concreto patrén (sin fibras) en el estado
endurecido se incrementa significativamente conforme se aumenta la dosificacion
de fibra de acero insonex, asi tenemos que a la edad de 28 dias la variacidn
alcanza valores de 70%, 30%, 50% y a los 42 dias 105%, 36, 53% para las
relaciones de agua/cemento:l 0.60, 0.65, 0.70 respectivamente.

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
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13) Como conclusion final se puede decir que de acuerdo a Ios resultados obtenidos
en el presente tema de investigacién, la relacion de agua/cemento: 0.60 con
dosificacion de fibra de acero de 45 kg/m® de concreto se obtienen los principales
efectos en el concreto, el cual podemos resumirlos en lo siguiente:.

e Disminuye el Asentamiento (40%).

e Disminuye la Exudacion (13).

¢ Incremento del Peso Unitario Compactado (2%).

e Disminuye el Tiempo de Fraguado Inicial y Final (5%, 6%).

e Disminuye la Fluidez (14).

e Increment0 del contenido de aire (33%).

e Incremento de la resistencia inicial de la compresion (23%).

¢ [ncremento de la resistencia a la Traccion (17%).

e Incremento de la resistencia a la Flexion en vigas (20%).

e Incremento de la resistencia al Impacto (70%).

¢ Incremento del Modulo de Elasticidad Estatico (8%).

14) A continuacion se presenta la variacion porcentual con respecto al concreto patrén
de los ensayos en estado endurecido de la fibra de acero Insonex y Fiberstrand
300 realizado en el LEM de la Universidad Nacional de Ingenieria por el Bachiller

Julio Cuaresma Carbajal, para Ia relacién agua/cemento: 0.60.

Relacion agua/cemento: 0.60 §

Patron. Variacién
(sinfibras)| Fibra [ (Porcentaje)

Patrén.

ENSAYO (sinfibras)] Fibra

Compresion 28 Dias (kglcmz) 311.97 | 304.72 308.50 { 203.90 95.89

Flexién en Vigas (kg/cn"?) 41.15 4578 37.00 43.81 118.41
Traccion Comp. Diam. (kg/enf) | 2958 | 32.11 2860 | 3086 | 107.90
Médulo de E. E. (10° kg/ent) 2.85 2.50 2.28 2.19 96.06

Impacto (N° Golpes) 63.00 87.00

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
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10.3 RECOMENDACIONES

1) Como uno de los problemas fue el proceso de mezclado de las fibras de acero con
los componentes del concreto es recomendable adicionarlo en el siguiente orden:
agregado grueso, Fibra de Acero, agregado fino, parte de la dosificacion del agua,
cemento y el restante del agua, para poder lograr una mejor distribucién en el
concreto evitando de esta manera la formacion de grumos. De acuerdo a la
preparacion del concreto con Fibras realizadas en el presente tema de

investigacion se recomienda mezclar durante 4 a 5 minutos.

2) El control de la seguridad es un factor importante en el proceso de mezclado por lo
que se recomienda el uso de guantes y proteccion de los ojos, cuando se manejen

o afiadan las fibras de acero al concreto.

3) Los Agregados cumplen un papel importante debido a su influencia en el volumen
del concreto por lo que el estudio de sus caracteristicas fisicas deben realizarse
con detenimiento, asi mismo se recomienda utilizar un agregado grueso con TM
hasta una 1" para que las fibras puedan acomodarse en el concreto, con respecto
al agregado fino no es conveniente utilizar arenas finas mayores a las establecidas

en las especificaciones por su adherencia en el concreto.

4) De las relaciones de agua/cemento estudiadas se recomienda el uso de fibras de
acero hasta una relacion de agua/cemento 0.60 es decir concretos de mediana a
alta resistencia, con dosificaciéon de fibras de acero de 45 kglm3 de concreto, el
cual desempefia un mejor comportamiento en los ensayos en el concreto tanto en
estado fresco como en estado endurecido, debido a que valores mayores a este
0.65, 0.70 generan en el concreto endurecido disminucién en sus propiedadeé.

5) La geometria de la fibra de acero es un indicativo importante por lo que se
recomienda fibras de acero con geometria no muy pronunciada para evitar que
estas se concentren en un solo lugar teniendo en cuenta la relacion de forma de la

fibra de acero es decir, relacion de la longitud al didametro medio.

'l:esis: “Estudio del comportamiento del concreta,de mediana a baja resistencia, con la incorporacion
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6) La fibra de acero debe protegerse de agentes externos como lluvia, humedad, etc

manteniéndolo almacenado en su caja.
7) Se recomienda el estudio del comportamiento del mortero con fibras de acero

8) En este estudio no se ha considerado la influencia que podria tener la longitud de
la fibra de acero, parametro que seria conveniente tenerla en consideracion para

futuros estudios.

9) Se recomienda el ensayo de flexion compuesta (en apoyo continuo perimetral),
cuya probeta seria una losa plana con dimensiones de seccion libre de 50x50 cms
con espesor de 10 cm., con carga aplicada en el centro de la seccién repartida en

dado de 10 cms

10) El uso de fibras de acero incrementa esenciaimente las propiedades del concreto
en estado endurecido, la manera méas facil y econdmica de mejorarla es
optimizando el contenido de cemento, la relaciéon agua/cemento, la naturaleza de

los agregados y la forma de compactar y curar el concreto.

Tesis: “Estudio del comportamiento del congreto de mediana a baja resistencia, con la incorporacion
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TABLA N° 1

222

GRANULONMETRIA DEL AGREGADO FINO

Porcentaje de peso (masa) que pasa

TAMIZ

Limites Totales: C M F
9.5 mm (3/8) 100 100 100 100
475 mm (No 4) 89 - 100 95 - 100 89 - 100 89 - 100
2.36 mm (No 8) 65 - 100 80 - 100 65 - 100 65 - 100
118 mm (No18) 45 - 100 5 - 85 45 - 100 45 - 100
600 u (No30) 25 - 100 256 - 60 25 - 100 25 - 100
300 u (No 50) 5 - 70 10 - 30 5 - 70 - 5 -
150 u (No100) 0 - 12 2 - 10 0 - 12 0 -

* Incrementar a 15% para agregado fino triturado, exepto cuando se use para pavimentos

TABLA N° 2

LIMITES DE SUSTANCIAS DANINAS

Agregado Fino Agregado Grueso
Particulas delznables, maximo 3% 5%
Material mas fino que la
Malla ITINTEC 75 m (N° 200), max. 5% 1%
Carb6n y lignito, maximo 0.5% 0.5%

Materia Organica

El agregado fino que no demuestre presencia nociva de
material organica, cuande se determine conforme
ITINTEC 400.013, se debera considerar satisfactorio.

El agregado fino que no cumple con el ensayo anterior,
podra ser usado si al determinarse el efecto de las
impurezas organicas sobre la resistencia de morteros
(ITINTEC 400.024) la resistencia relativa a los 7 dias no
es menor de 95%

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
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TABLAN° 3

REQUERIMIENTOS DE GRANULOMETRIA
DE LOS AGREGADOS GRUESOS

Tamano % QUE PASA POR LOS TAMICES NORMALIZADOS
No Nominal 100 mm| 90 mm |75 mm| 83 mm | 50 mm [37.5 mm|25.0 mm{19.0 mm{12.5mm| 9.5 mm |4.75 mm|2.36 mm|1.18 mm
ASTM (4") (312%) (39 212" (2" (112" (1" (3/4") (12" | (3/8") | (No4d) | (No8) | {No16)
90 a 37.5mm
1 (312" a 11/2" 100 [920a100 25a60 0 a 15 0asb
63 a 37.5mm
2 (212" a11/2" 100 |90a100| 35a70] 0 a 15 Dabh
50 a25.0mm
3 2" a 1 100 |e0a100| 35a70| 0a15 0ab
50 a4.75 mm
357 (2" a No4) 100 }95a100 35a70 10a30 0asb
37.5 a 19.0mm
4 (112" a 3/4") 100 [90a100f{ 20a55| 0a15 Dab
: 37.5 a 475 mm
467 (11/2" a No4) 100 |95a100 35a70 10a30| 0ab
25 a 12.5mm
5 1" a 12" 100 |90a100| 20a55| 0a10 Qab
25 a 9.5 mm
56 1" a 3/8" 100 |90a100| 40285 )| 10a40| O0a15 0ab
25 a 4.75 mm
57 (1" a No 4) 100 1952100 25a60 0a10 0ab
1.0 a9.5mm
6 (3/4" a 3/8") 100 1902100 20a55| 0a 15 0as
19.0 a4.75mm
67 (3/4" a No 4) 100 |90a 100 20ab55| 0a10 Dab
12.5mma4.75 mm
7 (1/2" aNo 4) 100 |90a100| 40a70{ 0a15 0ab
9.5 a2.36 mm
8 (3/8" aNo 8) 100 |85a100|10a30 | 0a10 Oab

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién de Fibras de Acero y CPT | Andino"
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TABLAN° 4

GRANULOMETRIA DEL AGREGADO GLOBAL

TAMIZ Tamarfio Nominal | Tamario Nominal| Tamario Nominal
37.5 mm (1/2") 19.0 mm (3/4") 9.5 mm (3/8")

50,0 mm 2" 100
37.5mm| (11/2") 95 a 100 100
19.0mm| (3/4") 45 a 80 852100
12.5mm| (172" 100
9.5 mm (3/8" 95 a 100
475 mm| (N°4) 25a 50 35a55 30a 65
236 mm| (N°8) 20 a 50
1.18 mm | (N° 16) _ 15a40
600 mm | (N° 30) 8a30 10a 35 10a 30
300 mm | (N° 50) 5§a15
150 mm | (N° 100) Qas8* Qa8 0asg*

* Incrementar a 10% para finos de roca triturada

TABLAN° 5

LINEAS GRANULOMETRICAS CONTINUAS

224

TAMANO MAXIMO = 8mm TAMANO MAXIMO = 16mm
MALLA FRACCION QUE PASA MALLA FRACCION QUE PASA
{(mm) A B C (mm) A B C
© 8.00 100 100 100 16.00 100 100 100
4.00 61 74 85 8.00 60 76 88
2.00 36 57 71 4,00 36 56 74
1.00 21 42 57 2.00 21 42 62
0.50 1.00 12 32 49
0.25 5 11 21 0.50
0.25 3 8 18
TAMANO MAXIMO = 32mm TAMANOQ MAXIMQ = 63mm
HUSO DIN (1045) MALLA FRACCION QUE PASA
MALLA | FRACCION QUE PASA (mm) A B C
(mm) A B C 63.00 100 100 100
31.50 100 100 100 31.50 67 80 - 90
16.00 62 80 89 16.00 46 64 80
8.00 38 62 77 8.00 30 50 70
4.00 23 47 65 4.00 19 38 59
2.00 14 37 53 2.00 11 30 49
1.00 8 28 42 1.00 6 24 39
0.50 0.50
0.25 2 8 15 0.25 2 7 14

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
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GENERALIDADES

En el presente anexo se presenta el procedimiento para obtener las dosificaciones
requeridas en el disefio de mezcla tanto para el concreto patrén como para el concreto
con fibras de acero insonex.

1. Se realiza un disefio de mezcla preliminar para encontrar el porcentaje de arena
optimo de la siguiente manera:
> Se encuentra la cantidad de agua que de un asentamiento de 5" para un
porcentaje de arena. = 0.47 obtenido mediante el ensayo de peso unitario
compactado del agregado global, asumiendo una relacion de agua/cemento= 0.65.
» Con la cantidad de agua encontrada se realiza disefios de mezcla para encontrar
la maxima resistencia a la compresiéon para porcentajes de arena = 0.47, 0.50,
0.53.
> Se realiza una curva de resistencia a la compresién vs. porcentaje de arena,
donde se encuentra que para la maxima resistencia a la compresién le

corresponde un %Ar = 0.51.

2. Una vez encontrado el porcentaje de arena optimo se procede a encontrar el agua
optima para las relaciones de agua/cemento=0.60, 0.65, 0.70 de la siguiente manera:
» Haciendo variar la cantidad de agua se encuentra aquella cantidad que de un
asentamiento de 5”.
» De esta manera se encontrd que para la relaciones de agua/cemento: 0.60, 0.65,
0.70 las cantidades de agua son: 215, 214, 213 Its. respectivamente.
> Con el porcentaje de arena y cantidad de agua optimo se procede a realizar el

disefio de mezcla final para cada relacién de agua/cemento .

3. Para la dosificacién de fibra de acero se utilizé el siguiente criterio:

CxT
S

Dosificacion =

Donde:

C = Cantidad de fibra de acero ( kg/m® de concreto )

T = Tanda de la mezcla‘( kg)

S = Suma de los pesos himedos de Cemento+Agua+Ag.Fino+Ag.Grueso ( kg)

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorparacion
de Fibras de Acero y CPT | Andino”



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 227
DISENO DE MEZCLA PRELIMINAR
DISENO 1: %Arena 0.47
AIC 0.65
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 200
%/o_Aire 1.560%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m"°) 2640 2750 3120
Cont. de Humedad (%) ) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dosificacion por m’ de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
gg_;/m3) {m3) (kg/m3) P.U.Sec ] P.U.Hum 50 kg
Cemento 307.69 0.099 307.69 1.00 1.00 6.45
Agua 200.00 0.200 210.43 0.85 0.68 4.41
Arena 870.11 0.326 883.07 2.83 2.87 18.51
Piedra 981.18 0.356 983.80 3.19 3.20 20.62
Sum. Total 2358.98 0.980 2385.00 7.67 7.75 50.0
%Aire de Disefio = 1.50% Asentamiento : 37/8"
S. Parcial (Cem+Agua+Aire) = 0.314
Sum. Total = 1.00
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.686
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.47
Entonces:
V Ag. Fino = rixVTxPepd/( Pear + ri(Pepd-Pear) ) = 0.330
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.357
Suma = 0.686
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 870.11
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 981.18
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 883.07
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 983.80
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 -8.440
Agregado Grueso = Psx(%w-%Abs)/100 = -1.992
Correccién = -10.432
Agua Corregida =  Agua - Correccion = 210.43

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
de Fibras de Acero y CPT | Andino"



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 228
DISENO DE MEZCLA PRELIMINAR
DISENO 2: %Arena 0.47
AIC 0.65
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 210
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m°) 2640 2750 3120
Cont. de Humedad (%) . 1.490 0.267
Parc. de Absorcidn (%) 2.460 0.470
Dosificacién por m® de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U.Seco [|P.U. Hum 50 kg
Cemento 323.08 0.104 323.08 1.00 1.00 6.82
Agua 210.00 0.210 220.20 0.65 0.68 4.65
Arena 851.18 0.319 863.86 2.63 2.67 18.23
Piedra 959 .84 0.348 962.40 2.97 2.98 20.31
Sum. Total 2344.10 0.980 2369.55 7.26 7.33 50.0
%Aire de Disefio = 1.50% Asentamiento : 51/4"
S. Parcial (Cem+Agua+Aire) = 0.329
Sum. Total = 1.00
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.671

Peso seco = Peso Especifico x Volumen

Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
f = 0.47

Entonces:

0.322

V Ag. Fino = rfixVTxPepd/( Pear + rf(Pepd-Pear) ) =
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino =
Suma =

Peso seco Agreg. Fino =

2640 xV. Ag.Fino =
Peso seco Agreg. Grueso = =

2750 xV. Ag.Grueso

2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) =
Peso Humedo Agreg. Grueso = Psx(1+%w/100) =

Correccion de Agua :
Agregado Fino =
Agregado Grueso =

Asx(%w-%Abs)/100 =
Psx(%w-%Abs)/100
Correccion =

Agua Comregida =  Agua - Correccion =

0.349
0.671

851.18
959.84

863.86
962.40

-8.256
-1.948

-10.205

220.20

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino"




ANEXO B: SECUENCIA DE DISENO DE MEZCLA 229
DISENO DE MEZCLA PRELIMINAR
DISENO 3: %Arena 0.47
AIC 0.65
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 220
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m°) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcidn (%) 2.460 0.470
Dosificacién por m® de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) @/mB) P.U.Seco | P.U.Hum 50 kg
Cemento 338.46 0.108 338.46 1.00 1.00 7.19
Agua 220.00 0.220 229,98 0.65 0.68 4.88
Arena 832.25 0.312 844.65 2.46 2.50 17.94
Piedra 938.50 0.340 941.00 2.77 2.78 19.99
Sum. Total 2329.21 0.980 2354.10 6.88 6.96 50.0
%Aire de Disefio = 1.50% Asentamiento : 7"
S. Parcial (Cem+Agua+Aire) = 0.343
Sum. Total = 1.00
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.657
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.47
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.315
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.341
Suma = 0.657
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 832.25
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 938.50
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 844.65-
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 941.00
Correccion de Agua : .
Agregado Fino = Asx(%w-%Abs)/100 = -8.073
Agregado Grueso = Psx(%w-%Abs)/100 = -1.905
Correccion = -0.978
Agua Corregida =  Agua - Correccion = 229.98

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino"
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Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién de Fibras de Acero y CPT | Andino"



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 231
DISENO DE MEZCLA PRELIMINAR
DISENO 4: %Arena 0.50
AIC 0.65
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 200
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m°) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcian (%) 2.460 - 0.470
Dosificacién por m° de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kgim3) (m3) (kg/m3) P.U.Seco | P.U.Hum 50 kg
Cemento 307.69 0.099 307.69 1.00 1.00 6.45
Agua 200.00 0.200 210.84 0.65 0.69 4.42
Arena 924.51 0.346 938.29 3.00 3.05 19.68
Piedra 924.51 0.335 926.98 3.00 3.01 19.44
Sum. Total 2356.72 0.980 2383.81 7.66 7.75 50.0
%Aire de Disefio = 1.50% Asentamiento : 31/4"
S. Parcial (Cem+Agua+Aire) = 0.314
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.686
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.5
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.350
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.336
Suma = 0.686
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 924.51
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 924.51
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 938.29
Peso Humedo Agreg. Grueso = Psx{(1+%w/100) =  926.98
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -8.968
Agregado Grueso = Psx(%w-%Abs)/100 = -1.877
Correccion = -10.845
Agua Corregida =  Agua - Correccion = 210.84

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién

de Fibras de Acero y CPT | Andino"



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 232
DISENO DE MEZCLA PRELIMINAR
DISENO 5: %Arena 0.50
AIC 0.65
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 210
% Aire 1.60%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m’) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.480 0.470
Dosificacién por m’ de Concreto Tanda de Prusba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U.Seco | P.U.Hum 50 kg
Cemento 323.08 0.104 323.08 1.00 1.00 6.82
Agua 210.00 0.210 220.61 0.65 0.68 4.66
Arena 904.40 0.339 917.88. 2.80 2.84 19.38
Piedra 904.40 0.328 906.82 2.80 2.81 19.14
Sum, Total 2341.88 0.980 2368.38 7.25 7.33 50.0
%Aire de Disefio = 1.50% Asentamiento : 412"
S. Parcial (Cem+Agua+tAire) = 0.329
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.671
Peso seco = Peso Especifico X Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso 2750 xVp
rf = 0.5
Entonces:
V Ag. Fino = rixVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.343
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.329
Suma = 0.671
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 904.40
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 904.40
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 917.88
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 906.82
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -8.773
Agregado Grueso = Psx(%w-%Abs)/100 = -1.836
Correccion = -10.609
Agua Corregida =  Agua - Correccion = 220.61

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT | Andino"



ANEXO B: SECUENCIA DE DISENQ DE MEZCLA 233
DISENO DE MEZCLA PRELIMINAR
DISENO 6: %Arena 0.50
AIC 0.65
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 220
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m3) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dosificacién por m® de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo v Proporciones Tanda de
{kg/m3) (m3) (kg/m3) " P.U.Seco | P.U.Hum 50 kg
Cemento 338.46 0.108 338.46 1.00 1.00 7.19
Agua 220.00 0.220 230.37 0.65 0.68 4.90
Arena 884.29 0.331 897.47 2.61 2.65 19.07
Piedra 884.29 0.320 886.65 2.61 2.62 18.84
Sum. Total 2327.04 0.980 2352.95 6.88 6.95 50.0
%Aire de Disefio = 1.50% Asentamiento : 7"
S. Parcial (Cem+Agua+Aire) = 0.343
Sum. Total = 1.00
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.657
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
f = 0.5
Entonces:
V Ag. Fino = rfixVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.335
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.322
Suma = 0.657
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 884.29
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 884.29
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 897.47
Peso Humedo Agreg. Grueso = Psx{1+%w/100) = 886.65
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -8.578
Agregado Grueso = Psx(%w-%Abs)/100 = -1.795
Correccion = -10.373
Agua Corregida =  Agua - Correccion = 230.37

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino”
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Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion de Fibras de Acero y CPT | Andino"



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 235
DISENO DE MEZCLA PRELIMINAR
DISENO 7: %Arena 0.53
AIC 0.65
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 200
% Aire 1.60%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m°) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dosificacién por m> de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) {m3) (kg/m3) P.U.Seco | P.U.Hum 50 kg
Cemento 307.89 0.099 307.69 1.00 1.00 6.46
Agua 200.00 0.200 211.26 0.65 0.69 4.43
Arena 978.78 0.367 993.37 3.18 3.23 20.85
Piedra 867.98 - 0.314 870.30 2.82 2.83 18.26
Sum. Total 2354.46 0.980 2382.61 7.65 7.74 50.0
%Aire de Disefio = 1.50% Asentamiento : 21/8"
S. Parcial (Cem+AguatAire) = 0.314
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.686
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.53
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.371
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.316
Suma = 0.686
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 978.78
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 867.98
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) =  993.37
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 870.30
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 -9.494
Agregado Grueso = Psx(%w-%Abs)/100 = -1.762
Correccion = -11.256
Agua Corregida =  Agua - Correccion = 211.26

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino"




ANEXO B: SECUENCIA DE DISENO DE MEZCLA 236
DISENO DE MEZCLA PRELIMINAR
DISENO 8: %Arena 0.53
AIC 0.65
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 210
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m3) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dosificacion por m* de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (le3) P.U.Seco | P.U.Hum 50 kg
Cemento 323.08 0.104 323.08 1.00 1.00 6.82
Agua 210.00 0.210 221.01 0.65 0.68 4.67
Arena 957.49 0.359 971.76 2.96 3.01 20.53
Piedra 849.10 0.308 851.36 2.63 2.64 17.98
Sum. Total 2339.67 0.980 2367.21 7.24 7.33 50.0
%Aire de Disefio = 1.50% Asentamiento : 37/8"
S. Parcial (Cem+AguatAire) = 0.329
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.671
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.53
Entonces: )
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.363
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.309
Suma = 0.671
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 957.49
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 849.10
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 971.76
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 851.36
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -9.288
Agregado Grueso = Psx(%w-%Abs)/100 = -1.724
Correccién = -11.011
221.01

Agua Comregida =  Agua - Correccion =

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién

de Fibras de Acero y CPT | Andino"



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 237
DISENO DE MEZCLA PRELIMINAR
DISENO 9: %Arena 0.53
AIC 0.65
Asent. 41/2"-561/2"
T.N.Max 1"
Agua 220
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/ms) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dosificacién por m” de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P U.Seco | P.U.Hum 50 kg
Cemento 338.46 0.108 338.46 1.00 1.00 7.20
Agua 220.00 0.220 230.77 0.65 0.68 4.91
Arena 936.20 0.351 950.15 2.77 2.81 20.20
Piedra 830.22 0.301 832.43 2.45 2.46 17.70
Sum. Total 2324.88 0.980 2351.81 6.87 6.95 50.0
%Aire de Disefio = 1.50% Asentamiento : 6 1/2"
S. Parcial (Cem+Agua+Aire) = 0.343
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.657
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.53
Entonces:
V Ag. Fino = rfixVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.355
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.302
Suma = 0.657
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 936.20
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 830.22
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) =  950.156
Peso Humedo Agreg. Grueso = Psx{1+%w/100) = 832.43
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -9.081
Agregado Grueso = Psx(%w-%Abs)/100 = -1.685
Correccidn = -10.766
Agua Corregida =  Agua - Correccion = 230.77

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino"
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Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion de Fibras de Acero y CPT | Andino"




ANEXO B: SECUENCIA DE DISENO DE MEZCLA 239
DISENO DE MEZCLA PARA F'c MAX
DISENO 1: %Arena 0.47
AIC 0.65
Asent. 41/2"-51/2"
i T.N.Max 1"
Agua 208
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m’) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcién (%) 2.460 0.470
Dosificacién por m® de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
@/mS) (m3) (kg/m3) P.U.Seco ] P.U.Hum 50 kg
Cemento 320.00 0.103 320.00 1.00 1.00 6.74
Agua 208.00 0.208 218.25 0.65 0.68 4.60
Arena 854.97 0.320 867.70 2.67 2.71 18.29
Piedra 964.11 0.349 966.68 3.01 3.02 20.37
Sum. Total 2347.08 0.980 2372.64 7.33 7.41 50.0
%Aire de Disefo = 1.50% Asentamiento : “41/2"
8. Parcial (Cem+Agua+Aire) = 0.326
Sum. Total = 1.00
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.674
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.47
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.324
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.351
Suma = 0.674
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 854.97
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 964.11
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100)=  867.70
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 966.68
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -8.293
Agregado Grueso = Psx(%w-%Abs)/100 = -1.957
Correccion = -10.250
Agua Corregida =  Agua - Correccion = 218.25

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
de Fibras de Acero y CPT | Andino"



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 240
DISENO DE MEZCLA PARA F'¢c MAX
DISENO 2: %Arena 0.50
AIC 0.65
Asent. 41/2"-61/2"
T.N.Max 1"
Agua 213
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m°) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dosificacion por m° de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg_;/m3) (m3) (kg/m3) P.U.Seco | P.U.Hum 50 kg
Cemento 327.69 0.105 327.69 1.00 1.00 6.93
Agua 213.00 0.213 223.54 0.65 0.68 4.73
Arena 898.37 0.336 911.75 2.74 2.78 19.29
Piedra 898.37 0.325 900.77 2.74 2.75 19.05
Sum. Total . 2337.43 0.980 2363.75 7.13 7.21 50.0
%Aire de Disefio = 1.50% Asentamiento : 51/2"
S. Parcial (Cem+Agua+Aire) = 0.333
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.667
Peso seco = Peso Especifico x Valumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.5
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.340
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.327
Suma = 0.667
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 898.37
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 898.37
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 911.75
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 900.77
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 -8.714
Agregado Grueso = Psx(%w-%Abs)/100 = -1.824
Correccion = -10.538
Agua Corregida =  Agua - Correccién = 223.54

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT | Andino”



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 241
DISENO DE MEZCLA PARA F'c MAX
DISENO 3: %Arena 0.53
AIC 0.65
Asent. .41/2"-51/2"
T.N.Max 1"
Agua 215
% Aire 1.50%
DATOS : Descripcién Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kglm3) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dosificacion por m> de Concreto Tanda de Prueba
Material ~ Peso Seco | Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U.Seco } P.U.Hum 50 kg
Cemento 330.77 0.106 330.77 1.00 1.00 7.01
Agua 215.00 0.215 225.89 0.65 0.68 4.79
Arena 946.85 0.355 960.96 2.86 2.91 20.36
Piedra 839.66 0.304 841.90 2.54 2.55 17.84
Sum. Total 2332.27 0.980 2359.51 7.05 7.13 50.0
%Aire de Disefio = 1.50% Asentamiento : 512"
S. Parcial (Cem+Agua+Aire) = 0.336
Sum. Total = 0.99

1) DISENO SECO:
Vol.Tot = VolL.Fino + Grueso = 0.664

Peso seco = Peso Especifico x Volumen

Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = : 0.53
Entonces:
V Ag. Fino = rixVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.359
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.305
Suma = 0.664
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 946.85
"Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 839.66
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 960.96
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 841.90
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -9.184
Agregado Grueso = Psx(%w-%Abs)/100 = -1.705
Correccion = -10.889
Agua Corregida =  Agua - Correccion = 225.89

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino"



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 242
DISENO DE MEZCLA PARA EL AGUA OPTIMA A/C=0.60
DISENO 1: %Arena 0.51
AIC 0.60
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 210
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m°) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dossificacion por m® de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U.Seco } P.U.Hum 50 kg
Cemento 350.00 0.112 350.00 1.00 1.00 7.38
Agua 210.00 0.210 220.60 0.60 0.63 4.65
Arena 910.26 0.341 923.83 2.60 2.64 19.48
Piedra 874.57 0.317 876.90 2.50 2.51 18.49
Sum. Total 2344.83 0.980 2371.33 6.70 6.78 50.0
%Aire de Disefio = 1.50% Asentamiento : 41/2"
S. Parcial (Cem+Agua+Aire) = 0.337
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.663

Peso seco = Peso Especifico x Volumen

Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.51

Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) =
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino =

Suma =
Peso seco Agreg. Fino = 2640 xV. Ag.Fino =
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso =
'2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) =
Peso Humedo Agreg. Grueso = Psx{1+%w/100) =
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100
Agregado Grueso = Psx(%w-%Abs)/100 =
Correccion =

Agua Corregida =  Agua - Correccién

0.345
0.318
0.663

910.26
874.57

923.83
876.90

-8.830
-1.775

-10.605

220.60

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT [ Andino"



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 243
DISENO DE MEZCLA PARA EL AGUA OPTIMA A/C=0.60
DISENO 2: %Arena 0.51
AIC 0.60
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 215
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m’) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absarcion (%) 2.460 0.470
Dosificacién por m® de Concreto — Tanda de Prueba
Material Peso Seco ~ Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U.Seco | P.U.Hum 50 kg
Cemento 358.33 0.115 358.33 1.00 1.00 7.58
Agua 215.00 0.215 225.48 0.60 0.63 4.77
Arena 899.73 0.337 913.13 2.51 2.55 19.32
Piedra 864.44 0.313 866.75 2.41 2.42 18.33
Sum. Total 2337.51 0.980 2363.70 6.52 6.60 50.0
%Aire de Disefio = 1.50% Asentamiento : 5"
S. Parcial (Cem+Agua+Aire) = 0.345
Sum. Total = 1.00
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.655
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
f = 0.51
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.341
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.314
Suma = 0.655
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 899.73
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 864.44
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) =  913.13
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 866.75
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -8.727
Agregado Grueso = Psx(%w-%Abs)/100 = -1.755
Correccién = -10.482
Agua Corregida =  Agua - Correccion = 225.48

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT | Andino"



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 244
DISENO DE MEZCLA PARA EL AGUA OPTIMA A/C=0.60
DISENO 3: %Arena 0.51
AIC 0.60
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 220
% Aire 1.50%
DATOS : Descripcidn Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m°) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dosificacién por m> de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U.Seco | P.U.Hum 50 kg
Cemento 366.67 0.118 366.67 1.00 1.00 7.78
[Agua 220.00 0.220 230.36 0.60 0.63 4.89
Arena 889.19 0.333 902.44 2.43 2.46 19.15
Piedra 854.32 0.310 856.60 2.33 2.34 18.18
Sum. Total 2330.18 0.980 2356.07 6.36 6.43 50.0
%Aire de Disefio = 1.50% Asentamiento : 67/8"
S. Parcial (Cem+Agua+Aire) = 0.353
Sum. Total = 1.00
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.647
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso 2750 xVp

Entonces:

rf = 0.51

V Ag. Fino = rixVTxPepd/( Pear + rf(Pepd-Pear) ) =
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino =

Peso seco Agreg. Fino =
Peso seco Agreg. Grueso =

Suma

2) DISENO HUMEDO:

Peso Humedo Agreg. Fino =
Peso Humedo Agreg. Grueso =

Correccion de Agua :

Agregado Fino =
Agregado Grueso =

Correccién

Agua Corregida =

2640 xV. Ag.Fino
2750 xV. Ag.Grueso =

Asx(1+%w/100) =
Psx(1+%w/100) =

Asx(%w-%Abs)/100
Psx(%w-%Abs)/100

Agua - Correccion =

0.337
0.311
0.647

889.19
854.32

$02.44
856.60

-8.625
-1.734

-10.359

230.36

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
de Fibras de Acero y CPT | Andino"




GRAFICA 4 ASENTAMIENTO VS AGUA
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Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion de Fibras de Acero y CPT | Andino"



ANEXO B:

SECUENCIA DE DISENO DE MEZCLA 246
DISENO DE MEZCLA PARA EL AGUA OPTIMA A/C=0.65
DISENO 1: %Arena 0.51
AIC 0.65
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 210
% Aire 1.50%
DATOS : Descripcién Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m3) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.480 0.470
Dosificacién por m® de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo - Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U.Seco | P.U.Hum 50 kg
Cemento 323.08 0.104 323.08 1.00 1.00 582 |
[Agua 210.00 0.210 220.74 0.65 0.68 4.66
Arena 922.11 0.345 935.85 2.85 2.90 19.76
Piedra 885.95 0.321 888.32 2.74 2.75 18.76
Sum. Total 2341.14 0.980 2367.99 7.25 7.33 50.0
%Aire de Disefio = 1.50% Asentamiento : 4"
S. Parcial (Cem+Agua+Aire) = 0.328
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.671 _
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.51
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.349
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.322
Suma = 0.671
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 922.11
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 885.95
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) =  935.85
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 888.32
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -8.944
Agregado Grueso = Psx(%w-%Abs)/100 = -1.798
Correccion = -10.743
Agua Corregida =  Agua - Correccién = 220.74

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT i Andino"



ANEXO B: SECUENCIA DE DISENO DE MEZCLA 247
DISENO DE MEZCLA PARA EL AGUA OPTIMA A/C=0.65
DISENO 2: %Arena 0.51
AIC 0.65
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 213
% Aire ) 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kglm3) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absarcidn (%) 2.460 0.470
.Dosificacion por m® de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U.Seco | P.U.Hum 50 kg
Cemento 327.69 0.105 327.69 1.00 1.00 6.93
Agua 213.00 0.213 223.67 0.65 0.68 473
Arena 915.96 0.343 929.61 2.80 2.84 19.67
Piedra 880.04 0.319 882.39 2.69 2.69 18.67
Sum. Total 2336.70 0.980 2363.36 7.13 7.21 50.0
%Aire de Disefio = 1.50% Asentamiento : 41/2"
S. Parcial (Cem+Agua+Aire) = 0.333
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.667

Peso seco = Peso Especifico x Volumen

Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.51

Entonces:

V Ag. Fino = rixVTxPepd/( Pear + rf(Pepd-Pear) ) =

V Ag. Grueso = Vol. Total - Vol. Agregado. Fino =
Suma =

Peso seco Agreg. Fino

= 2640 xV. Ag.Fino
Peso seco Agreg. Grueso =

2750 xV. Ag.Grueso =

2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) =
Peso Humedo Agreg. Grueso = Psx(1+%w/100) =

Correccion de Agua :
Agregado Fino =
Agregado Grueso =

Asx(%w-%Abs)/100
Psx(%w-%Abs)/100
Correccién

ity

Agua - Correccién =

Agua Corregida =

0.347
0.320
0.667

915.96
880.04

929.61
882.39

-8.885
-1.786

-10.671

223.67

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino”




ANEXO B: SECUENCIA DE DISENO DE MEZCLA 248
DISENO DE MEZCLA PARA EL AGUA OPTIMA A/C=0.65
DISENO 3: %Arena 0.51
AIC 0.65
Asent. 41/2"-61/2"
T.N.Max 1"
[Agua 215
% Aire 1.50%
DATOS : Descripcién Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m3) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dosificacion por m® de Concreto _ Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
" (kg/m3) (m3) (kg/m3) P. U. Seco |. U. Hume 50 kg
Cemento 330.77 0.106 330.77 1.00 1.00 7.01
Agua 215.00 0.215 225.62 0.65 0.68 4.78
Arena 911.86 0.342 925.45 2.76 2.80 19.60
Piedra 876.10 0.317 878.44 2.65 2.66 18.61
Sum. Total 2333.73 0.980 2360.28 7.06 7.14 50.0
%Aire de Disefio = 1.50% Asentamiento : 512"
S. Parcial (Cem+Agua+Aire) = 0.336
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.664
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.51
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.345
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.319
Suma = 0.664
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 911.86
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 876.10
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 925.45
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 878.44
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -8.845
Agregado Grueso = Psx(%w-%Abs)/100 = -1.778
Correccién = -10.624
Agua Corregida =  Agua - Correccion = 225.62

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT | Andino"



GRAFICA 5 ASENTAMIENTO VS AGUA
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Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién de Fibras de Aceroy CPT | Andino"



ANEXO B:

SECUENCIA DE DISENQ DE MEZCLA 250
DISENO DE MEZCLA PARA EL AGUA OPTIMA A/C=0.70
DISENO 1: %Arena 0.51
AIC 0.70
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 200
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m°) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Parc. de Absorcion (%) 2.460 0.470
Dosificacién por m®> de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U. Seco |. U. Humeq 50kg
Cemento 285.71 0.092 285.71 1.00 1.00 6.00
Agua 200.00 0.200 211.09 0.70 0.74 4.43
Arena 952.29 0.357 966.48 3.33 3.38 20.30
Piedra 914.95 0.332 917.39 3.20 3.21 19.27
Sum. Total 2352.95 0.980 2380.68 8.24 8.33 50.0
%Aire de Disefio = 1.50% Asentamiento : 2"
S. Parcial (Cem+Agua+Aire) = 0.307
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.693
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.51
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.361
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.333
Suma = 0.693
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 952.29
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 914.95
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) =  966.48
Peso Humedo Agreg. Grueso = Psx(1+%w/100) =  917.39
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -9.237
Agregado Grueso = Psx(%w-%Abs)/100 = -1.867
Correccién = -11.095
Agua Corregida =  Agua - Correccion = 211.09

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién

de Fibras de Acero y CPT | Andino"
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DISENO DE MEZCLA PARA EL AGUA OPTIMA A/C=0.70
DISENO 2: %Arena 0.51
AIC 0.70
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 210
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kglm3) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dosificacion por m® de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U.Seco ). U. Humeq 50kg
Cemento 300.00 0.096 300.00 1.00 1.00 6.34 |
Agua 210.00 0.210 220.86 0.70 0.74 4.67
Arena 932.27 0.349 946.16 3.1 3.156 20.00
Piedra 895.71 0.325 898.10 2.99 2.99 18.99
Sum. Total 2337.98 0.980 2365.13 7.79 7.88 50.0
%Aire de Disefio = 1.50% Asentamiento : 3314
S. Parcial (Cem+Agua+Aire) = 0.321
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.679
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.51
Entonces:
V Ag. Fino= rixVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.353
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.326
Suma = 0.679
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 932.27
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 895.71
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 946.16
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 898.10
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 -9.043
Agregado Grueso = Psx(%w-%Abs)/100 = -1.818
Correccion = -10.861
Agua Corregida =  Agua - Correccion = 220.86

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino”
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ANEXO B: 252
DISENO DE MEZCLA PARA EL AGUA OPTIMA A/C=0.70
DISENO 2: %Arena 0.51
' AIC 0.70
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 215
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kglm3) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcion (%) 2.460 0.470
Dosificacion por m® de Concreto _ - Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P. U. Seco |. U. Humeq 50 kg
Cemento 307.14 0.098 307.14 1.00 1.00 6.51
Agua 215.00 0.215 22574 0.70 0.73 4.79
Arena 922.26 0.345 936.00 3.00 3.05 19.85
Piedra 886.09 0.321 888.46 2.88 2.89 18.84
Sum. Total 2330.50 0.980 2357.35 7.59 7.68 50.0
%Aire de Disefio = 1.50% Asentamiento : 6 1/2"
18. Parcial (Cem+AguatAire) = 0.328
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.672
Peso seco = Peso Especifico x Volumen
-‘Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.51
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.349
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.322
' Suma = 0.672
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 922.26
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 886.09
2) DISENO HUMEDO:
Peso Hurnedo Agreg. Fino = Asx(1+%w/100) =  936.00
Peso Humedo Agreg. Grueso = Psx(1+%w/100) =  888.46
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -8.946
Agregado Grueso = Psx(%w-%Abs)/100 = -1.799
Correccion = -10.745
Agua Corregida =  Agua - Correccién = 225.74

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino"
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Tesis: "Estudio del comportamiento del concreto de mediaha a baja resistencia, con la incorporacién de Fibras de Acero y CPT | Andino"
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DISENO DE MEZCLA FINALPARA A/C=0.60
DISENO 1: %Arena 0.51
AIC 0.60
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 215
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m’) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267 '
Porc. de Absarcion (%) 2.460 0.470
Dosificacién por m° de Concreto Tanda de Prueba
Materi Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
aterial
(kg/m3) (m3) (kg/m3) P. U. Seco |. U. Hume 50 kg
Cemento 358.33 0.115 358.33 1.00 1.00 7.58
Agua 215.00 0.215 225.48 0.60 0.63 4.77
Arena 899.73 0.337 913.13 2.51 2.55 19.32
Piedra 864.44 0.313 866.75 2.41 2.42 18.33
Sum. Total 2337.51. 0.980 2363.70 6.52 6.60 50.0
%Aire de Disefio = 1.50% Asentamiento : 412"
18. Parcial (Cem+Agua+Aire) = 0.345
Sum. Total = 1.00
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.655
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.51
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.341
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.314
Suma = 0.655
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 899.73
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 864.44
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 913.13
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 866.75
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -8.727
Agregado Grueso = Psx(%w-%Abs)/100 = -1.755
Correccion = -10.482
Agua Comregida =  Agua - Correccién = 225.48

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino"
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- DISENO DE MEZCLA FINALPARA A/C=0.65
DISENO 1: %Arena 0.51
AIC 0.65
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 214
% Aire 1.50%
DATOS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kg/m3) 2640 2750 3120
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcién (%) 2.460 0.470
Dosificacién por m® de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U. Seco J. U. Humeq 50 kg
Cemento 3290.23 0.106 320.23 1.00 1.00 6.97
Agua 214.00 0.214 224.65 0.65 0.68 476
Arena 913.91 0.342 927.53 2.78 2.82 19.64
Piedra 878.07 0.318 880.42 2.67 2.67 18.64
Sum. Total 2335.21 0.980 2361.82 7.09 7.17 50.0
%Aire de Disefio = 1.50% Asentamiento : 412"
S. Parcial (Cem+AguatAire) = 0.335
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.665

Peso seco = Peso Especifico x Volumen

Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.51
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.346
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.319
Suma = 0.665
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 913.91
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 878.07
2) DISENO HUMEDO:
Peso Humedo Agreg. Fino = Asx(1+%w/100) =  927.53
Peso Humedo Agreg. Grueso = Psx(1+%w/100) = 880.42
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -8.865
Agregado Grueso = Psx(%w-%Abs)/100 = -1.782
Correccion = -10.647
Agua Corregida =  Agua - Correccion = 224.65

Tesis: "Estudio del comportamiento de! concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino"




ANEXO B: SECUENCIA DE DISENO DE MEZCLA 256
DISENO DE MEZCLA FINALPARA A/C=0.70
DISENO 1: %Arena 0.51
AIC 0.70
Asent. 41/2"-51/2"
T.N.Max 1"
Agua 213
% Aire 1.50%
DATQS : Descripcion Ag. Fino Ag. Grueso | Cemento
Peso Especifico (kglms) 2640 2750 3120 .
Cont. de Humedad (%) 1.490 0.267
Porc. de Absorcidn (%) 2.460 0.470
Dosificacién por m® de Concreto Tanda de Prueba
Material Peso Seco Vol. Abs Peso Humedo Proporciones Tanda de
(kg/m3) (m3) (kg/m3) P.U. Seco ]. U. Hume 50 kg
Cemento 304.29 0.098 304.29 1.00 1.00 6.45 |
ﬂ;ua 213.00 0.213 223.79 0.70 0.74 4.74
Arena 926.26 0.347 940.07 3.04 3.09 19.91
Piedra 889.94 0.322 892.32 2.92 2.93 18.90
Sum. Total 2333.49 0.980 2360.46 7.67 7.76 50.0
%Aire de Disefio = 1.50% Asentamiento : 5"
S. Parcial (Cem+Agua+Aire) = 0.326
Sum. Total = 0.99
1) DISENO SECO:
Vol.Tot = Vol.Fino + Grueso = 0.674
Peso seco = Peso Especifico x Volumen
Peso seco Agreg. Fino = 2640 xVa
Peso seco Agreg. Grueso = 2750 xVp
rf = 0.51
Entonces:
V Ag. Fino = rfxVTxPepd/( Pear + rf(Pepd-Pear) ) = 0.351
V Ag. Grueso = Vol. Total - Vol. Agregado. Fino = 0.324
Suma = 0.674
Peso seco Agreg. Fino = 2640 xV. Ag.Fino = 926.26
Peso seco Agreg. Grueso = 2750 xV. Ag.Grueso = 889.94
2) DISENO HUMEDO: ,
Peso Humedo Agreg. Fino = Asx(1+%w/100) = 940.07
Peso Humedo Agreg. Grueso = Psx(1+%w/100) =  892.32
Correccion de Agua :
Agregado Fino = Asx(%w-%Abs)/100 = -8.985
Agregado Grueso = Psx(%w-%Abs)/100 = -1.807
Correccion = -10.791
Agua Corregida =  Agua - Correccién = 223.79

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino”
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. ENSAYOS EN EL ESTADO FRESCO DELCONCRETO PATRON
1.-ENSAYO DE ASENTAMIENTO
Relacion Asentamiento
alc
"~ 0.60 41/2"
0.65 412"
0.70 5"
2.-ENSAYO DE FLUIDEZ
Relacion Diametro (cm) Fluidez
alc D1 D2 D3 D4 D5 D6 Prom (%)
0.60 52.00 52.00 52.00 53.50 52.00 52.00 52.25 105.71
0.65 54.00 54.00 53.00 53.00 54.30 53.00 53.55 110.83
0.70 55.00 54.00 54.00 54.00 55.00 54.00 54.33 113.91
3.-ENSAYO DE PESO UNITARIO COMPACTADO
Relacion | Vbalde | Wbaide | Wbalde+ | Wmezcla| P.U.C.
alc | (m’ (Kg) |Wmezcla]l (Kg) | (Kg/m®)
0.60 0.01 8.60 42 .80 34.20 2442 86
0.65 0.01 8.60 42.90 34.30 2450.00
0.70 0.01 8.60 42.90 34.30 2450.00
4.-ENSAYO DE TIEMPO DE FRAGUADO
Relaciéon | Diametro | Seccidn | Tiempo | Fuerza Resist. ]} Fraguado| Fraguado
alc Plg Hr Lbs | (Lbsipig?)| finicial | Final
0.00 0.00
11/8" 10.99402| 3.00 130 130.78
13/16" | 0.51848| 3.50 170 327.88
0.60 9/16" | 0.24850| 4.00 125 503.02 3:50 5.08
516" | 0.07669| 4.50 140 1825.53
4/16" 10.04908| 5.00 160 3259.98
3/16" | 0.02761 5.50 200 7243.75
0.00 0.00
11/8" ]0.99402| 3.00 150 150.90
13/16" | 0.51848| 3.50 150 289.31
0.65 9/16" |]0.24850| 4.20 125 503.02 4.05 515
5/16" | 0.07669| 4.50 140 1825.53
4/16" 10.04908| 5.10 160 3259.98
316" | 0.02761 5.50 200 7243.75
0.00 0.00
11/8" [0.99402| 3.00 130 130.78
13/16" | 0.51848 | 3.60 155 298.95
0.70 9/16" | 0.24850 | 4.40 130 523.14 4:20 5:20
5/16" [ 0.07669| 4.75 150 1955.93
4/16" | 0.04908| 5.20 160 3259.98
3/16" | 0.02761 5.60 195 7062.66

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero v CPT | Andino"
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5.-CONTENIDO DE AIRE
Relacién| Contenido de Aire
alc (%)
0.60 1.60
0.65 1.50
0.70 1.40
6.-EXUDACION
B: Cantidad de agua exudada
b: Cantidad de agua por mt’ en Kg
R: Peso de la mezcla
W: Peso total de materiales para mt> de concreto
C = bxR
W
%Exud = B
10xC
ReLalEion Muestra B b R W C %Exudac| Promedio
M-1 300 | 477 | 1182 50 17.13 2.66
0.60 M-2 29.0 477 12.12 50 1.16 2.51 2.58
M-1 32.0 475 12.16 50 1.16 2.77
0.65 M-2 33.0 475 12.50 50 1.19 2.78 217
M-1 32.0 4.74 12.47 50 1.18 2.71
0.70 M-2 35.0 4.74 12.54 50 1.19 2.94 283

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT I Andino"
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il. ENSAYOS EN EL ESTADO FRESCO DEL CONCRETO CON FIBRAS

RELACION AGUA/CEMENTO DE 0.60

1.-ENSAYO DE ASENTAMIENTO

(E;/f:;;) Asentamiento
35 312"
45 3 3/4"
55 31/8"
2.-ENSAYO DE FLUIDEZ
Dosif. Didmetro (cm) Fluidez
(kg/m®) D1 D2 D3 D4 D5 D6 Prom (%)
35 52.00 51.00 52.00 51.00 51.00 52.00 51.50 102.76
45 51.00 51.00 50.00 50.00 50.00 51.00 50.50 08.82
55 49.00 50.00 49.00 49.00 49.00 48.50 49.08 93.24
3.-ENSAYO DE PESO UNITARIO
Dosif. Vbalde | Wbalde { Wbalde+ | Wmezcla] P.U.C.
Kgm’) | (m°) | (Kg) }Jwmezcla] (xg) | (Kgim®)
35 0.01 8.60 42 85 34.25 2446.43
45 0.01 8.60 42.90 34.30 2450.00
55 0.01 8.60 43.10 34.50 2464.29
4.-ENSAYO DE TIEMPO DE FRAGUADO
Dosif. { Diametro} Seccion | Tiempo | Fuerza Resist. Fragua | Fragua
(Kgim®) Plg” Hr Lbs { (Lbsplg®)| Inicial | Final
0.00 0.00
11/8" | 0.99402 3.00 170 171.02
13/16" | 0.51848 3.50 145 279.66
35 9/16" 0.24850 410 125 503.02 3:55 5:12
516" | 0.07669 450 150 1955.93
4/16" 0.04908 510 175 3565.61
3/16" ] 0.02761 560 200 7243.75
0.00 0.00
11/8" | 0.99402 3.20 125 125.75
13/16" | 0.51848 3.60 170 327.88
45 9/16" 0.24850 4.20 125 503.02 4:05 518
516" | 0.07669 4.70 165 2151.52
4/16" | 0.04908 5.20 170 3463.73
316" | 0.02761 570 200 7243.75
0.00 0.00
11/8" |0.99402 3.50 130 130.78
13/16" | 0.51848 3.90 150 289.31
55 /16" 0.24850 4.40 135 543.26 4:25 5:30
5/16" [ 0.07669 4.80 135 1760.33
4/16" 0.04908 5.40 150 3056.23
316" 0.02761 5.80 180 6519.38

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT | Andino"
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ANEXO C: 261
5.-CONTENIDO DE AIRE
Dosif. Contenido de Aire
(Kg/m®) (%)
35 1.90
45 2.10
55 2.14
6.-EXUDACION
B: Cantidad de agua exudada
b: Cantidad de agua por mt® en Kg
R: Peso de la mezcla
W: Peso total de materiales para mt® de concreto
C = bxR
w
%Exud = B
10xC
Dosif. .
3, | Muestra B b R w C %Exudac] Promedio
(Kg/m”)
35 E-1 28.00 477 11.84 50 1.13 2.48 250
E-2 29.00 477 12.01 50 1.15 2.53 ’
45 "E-1 29.00 4.77 12.16 50 1.16 2.50 2 49
E-2 28.00 477 12.50 50 1.19 2.35 |
55 E-1 28.00 477 12.51 50 1.19 2.35 230
E-2 27.00 477 12.57 50 1.20 2.25 B

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT | Andino"
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RELACION AGUA/CEMENTO DE 0.65
1.-ENSAYO DE ASENTAMIENTO
(Ilzglsr:é) Asentamiento
35 31/2"
45 31/2"
55 3 1/4"
2.-ENSAYO DE FLUIDEZ
Dosif. Diametro (cm) Fluidez
(Kgm’) | D1 D2 D3 D4 D5 D6 Prom (%)
35 52.00 52.00 53.00 52.00 53.00 52.00 52.33 106.04
45 51.00 '] 51.00 52.00 52.00 52.00 52.00 51.67 103.41
55 51.00 50.00 | 50.00 49.00 50.00 49.00 49.83 96.19
3.-ENSAYO DE PESO UNITARIO COMPACTADO
Dosif. Vbalde | Wbalde | Wbalde+ | Wmezcla} P.U.C.
Kam®) | (m (Kg) |Wmezcla] (kg) [ (Kg/m®
35 0.01 8.60 43.30 34.70 2478.57
45 0.01 8.60 43.40 34.80 2485.71
55 0.01 8.60 43.50 34.90 | 2492.86
4.-ENSAYO DE TIEMPO DE FRAGUADO
Dosif. ] Diametro ] Seccion | Tiempo | Fuerza Resist. Fragua | Fragua
(Kgim®) Pig® Hr Lbs | (Lbsipig)) Inicial | Final
0.00 0.00
11/8" ]0.99402 | 3.00 140 140.84
13/16" | 0.51848 | 3.50 160 308.59
35 9/16" | 024850} 4.50 130 523.14 4:15 5:23
5/16" | 0.07669| 5.00 130 1695.14
4/16" 0.04908 5.30 160 3259.98
3/16" | 0.02761 5.80 200 7243.75
0.00 0.00
11/8" |0.99402| 3.50 145 145.87
13/16" | 051848 3.80 160 308.59
45 9/16" | 0.24850] 4.60 130 523.14 4:25 5:30
5/16" | 0.07669| 5.00 130 1695.14
4/16" 10.04908| 5.40 160 3259.98
3/16" | 0.02761 5.80 200 7243.75
0.00 0.00
11/8" 1099402 3.50 120 120.72
13/16" | 0.51848| 3.80 130 250.73
55 9/16" | 0.24850| 4.70 145 583.50 4:35 5:35
516" 0.07669 5.00 175 2281.91
4/16" 0.04908 5.50 185 3769.36
3/16" | 0.02761 6.00 200 7243.75

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Aceroy CPT | Andino"
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5.-CONTENIDO DE AIRE
Dosif. Contenido de Aire
(Kgim®) (%)
35 1.70
45 1.90
55 2.05
6.-EXUDACION
B: Cantidad de agua exudada
b: Cantidad de agua por mt® en Kg
R: Peso de la mezcla
W: Peso total de materiales para mt’ de concreto
C = bxR
w
%Exud = B
10xC
Dosif. .
3 Muestra B b R w C %Exudac] Promedio
(Kg/m™)
35 E-1 31.00 4.75 11.95 50 1.14 2.73 270
E-2 31.00 475 12.26 50 1.16 2.66 ’
45 E-1 30.00 4.75 12.29 50 1.17 2.57 5 50
E-2 29.00 4.75 12.60 50 1.20 2.42 ’
55 E-1 29.00 475 12.51 50 1.19 2.44 243
E-2 28.80 475 12.56 50 1.19 2.41 ’

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT | Andino"
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RELACION AGUA CEMENTO DE 0.70
1.-ENSAYO DE ASENTAMIENTO
(E;)/?:é) Asentamiento
35.00 3"
45.00 31/2"
55.00 3"
2.-ENSAYO DE FLUIDEZ
Dosif. Diametro (cm) Fluidez
(Kgim®*) | D1 D2 D3 D4 D5 D6 Prom (%)
35.00 53.00 52.50 53.00 52.00 53.00 52.50 52.67 107.35
45.00 51.00 50.50 52.00 51.50 51.50 52.00 51.42 102.43
55.00 51.00 49.00 51.00 49.00 50.00 51.00 50.17 97.51
3.-ENSAYO DE PESO UNITARIO
Dosif. Vbalde | Wbalde | Wbalde+ | Wmezcla] P.U.C.
(Kom®) | (M) | (Kg) |Wmezcla] (Kg) [ (Kg/im®)
35.00 0.01 8.60 43.00 34.40 2457 .14
45.00 0.01 8.60 43.50 34,90 2492.86
'55.00 0.01 8.60 43.60 35.00 2500.00
4.-ENSAYO DE TIEMPO DE FRAGUADO
Dosif. | Diametro| Seccién | Tiempo | Fuerza Resist. Fragua | Fragua
(Kgim®) Plg’ Hr Lbs | (Lbsipig?)} Inicial ] Final
0.00 0.00
11/8" {099402| 3.00 120 120.72
13/16" | 0.51848 3.50 150 289.31
35.00 9/16" 0.24850 4.40 120 482.90 4:25 5:35
5/16" | 0.07669| 4.80 160 2086.32
416" | 0.04908| 5.30 180 3667.48
3/16" | 0.02761 5.60 170 6157.19
0.00 0.00
11/8" |099402| 3.50 160 160.96
13/16" | 0.51848 | 4.00 160 308.59
45.00 9/16" | 0.24850] 4.50 130 523.14 4:30 5:40
5/16" | 0.07669| 5.00 130 1695.14
416" | 0.04908| 5.50 160 3259.98
3/16" | 0.02761 6.00 190 6881.56
0.00 0.00
11/8" 1099402 350 130 130.78
13/16" | 0.51848 4.00 130 250.73
55.00 9/16" 0.24850 4.50 125 503.02 4:40 5:45
516" 0.07669| 520 130 - | 1695.14
4/16" 0.04908 5.60 150 3056.23
3/16" | 0.02761 6.00 . 180 6519.38

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion

de Fibras de Acero y CPT | Andino"
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5.-CONTENIDO DE AIRE
Dosif. Contenido de Aire
(Kg/m®) (%)
35.00 1.50
45.00 1.80
55.00 1.90
6.-EXUDACION
B: Cantidad de agua exudada
b: Cantidad de agua por mt® en Kg
R: Peso de la mezcla
W: Peso total de materiales para mt® de concreto
C = bxR
W
%Exud = B
10xC
Dosif. N
3. | Muestra B b R w C %Exudac] Promedio
(Kg/m)
E-1 32.00 474 11.75 50 1.11 2.87
35.00 E-2 31.00 474 12.04 50 114 2.72 2.79
E-1 30.00 4.74 12.12 50 1.15 2.61
45.00 E-2 29.00 474 12.46 50 1.18 2.46 253
E-1 29.60 474 12.44 50 1.18 2.51
55.00 E-2 28.10 4.74 12.50 50 1.19 2.37 244

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
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{. ENSAYO EN EL ESTADO ENDURECIDO DEL CONCRETO PATRON
MODULO DE ELASTICIDAD ESTATICO

1.- RELACION AGUA/CEMENTO 0.60

PESO : 13.7 kg.
DIAMETRO : 15.0 cm.
AREA : 177.0 cm2
CARGA MAX: 54600 kg.
Carga Esfuerzo Lect. Lect. | Prom. Lect. Deform. Unit.
(kgi (kg/cm?) lzq. Der. Lec. | Correg. (x10) cm
0 0.00 0.00 0.00 0.00 0.00 0.00
2000 11.30 0.20 0.30 0.25 0.25 0.25
4000 22.61 0.30 0.40 0.35 0.35 0.35
6000 33.91 0.40 0.50 0.45 0.45 0.45
8000 4521 0.50 0.60 0.55 0.55 0.55
10000 ‘ 56.51 0.60 0.80 0.70 0.70 0.70
12000 67.82 1.00 1.20 1.10 1.10 1.10
14000 7912 1.30 1.40 1.35 1.35 1.35
16000 90.42 1.60 1.80 1.70 1.70 1.70
18000 101.72 2.10 2.40 2.25 2.25 2.25
20000 113.03 2.70 2.90 2.80 2.80 2.80
22000 124.33 3.50 3.50 3.50 3.50 3.50
24000 135.63 410 4.00 4.05 4.05 4.05
26000 146.93 4.50 4.40 4.45 4.45 4.45
28000 158.24 5.30 500 | 5.15 5.15 5.15
30000 169.54 6.10 5.70 5.90 5.90 5.90
32000 179.37 7.00 6.50 8.75 6.75 6.75
34000 190.58 7.70 7.30 7.50 7.50 7.50
36000 201.79 8.70 8.30 8.50 8.50 8.50
38000 213.00 9.80 9.10 0.45 9.45 9.45
40000 224,22 10.80 | 10.10 | 10.45 10.45 10.45
42000 - 235.43 12.00 | 11.00 | 11.50 11.50 11.50
44000 246.64 13.20 | 12.80 | 13.00 13.00 13.00
46000 257.85 1470 | 14.90 | 14.80 14.80 14.80
48000 269.06 16.30 | 16.40 | 16.35 16.35 16.35
50000 280.27 19.00 | 19.10 | 19.05 19.05 19.05
52000 291.48 20.50 | 20.70 | 20.60 20.60 20.60
54000 302.69 2250 | 22.80 | 22.65 22.65 22.65

ROTURA=  Cmax/Area= 308.56 kglcm?

E1 = 40%ROTURA = 123.42 kg/cm?
Eo = 39.56 kglem?
D1 = 3.44 x10*-4cm
Do = 0.50 x10*-4cm
M.E. = (E1-Eo) : M.E. = 2.853 x10"5 Kglem?

(D1 - Do )x10"-4

Tesis: "Estudio del comportamlento del concreto de medlana a baja resistencia, con la incorporacién
de Fibras de Acero y CPT I ‘Andino" '
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2.- RELACION AGUA/CEMENTO 0.65

PESO : 13.7 kg.
DIAMETRO : 14.91 cm.
AREA : 174.6 cm2
CARGA MAX: 48000 kg.
Carga Esfuerzo Lect. ] Lect. | Prom. Lect. Deform. Unit.
(kg) (kg/cm®) Izg. | Der. | Lec. | Correg. (x10%) cm
0 0.0 0.00 | 010 | 005 0.00 0.00
2000 11.45 0.20 0.20 0.20 0.15 0.15
4000 22.91 0.30 0.30 0.30 0.25 0.25
6000 34.36 0.40 0.50 0.45 0.40 0.40
8000 45.82 0.60 0.70 0.65 0.60 0.60
10000 57.27 0.70 1.00 0.85 0.80 0.80
12000 68.73 0.90 1.50 1.20 1.15 1.15
14000 80.18 1.20 2.00 1.60 1.55 1.55
16000 91.64 1.40 2.70 2.05 2.00 2.00
18000 103.09 2.20 3.40 2.80 2.75 2.75
20000 114.55 2.40 3.90 3.15 3.10 3.10
22000 126.00 2.50 4.80 3.65 3.60 3.60
24000 137.46 2.60 5.70 415 410 410
26000 148.91 3.00 6.50 475 470 470
28000 160.37 3.30 7.50 5.40 5.35 535
30000 171.82 3.80 8.50 6.15 6.10 6.10
32000 183.28 410 9.50 6.80 6.75 6.75
34000 194.73 - 440 10.50 7.45 7.40 7.40
36000 206.18 490 11.50 8.20 8.15 8.15
38000 217.64 540 13.00 9.20 9.15 9.15
40000 229.09 6.00 1450 | 10.25 10.20 10.20
42000 240.55 6.50 16.50 | 11.50 11.45 11.45
44000 252.00 7.00 19.30 | 13.15 13.10 13.10
46000 263.46 7.50 20.00 | 13.75 13.70 13.70

ROTURA= Cmax/Area= 274.91 kg/cm?

E1 =40% ROTURA = 109.97 kglem?
Eo = 40.00 kglem?
D1=" 3.09 x10%-4cm
Do = 0.50 x10*-4cm
ME.= (E1-Eo) M.E. = 2.701 x1075 kglcm?

(D1-Do x10*4

Tesis: "Estudio del comportamiento del concreta de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT | Andino"
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3.- RELACION AGUA/CEMENTO 0.70

PESO : 13.70 kg.
DIAMETRO : 14.92 cm. ,
AREA : 174.84 cm2
CARGA MAX : 41400 kg.
Carga Esfuerzo Lect. { Lect. | Prom. Lect. Deform. Unit.
(kg) (kglcm?) lzq. Der. | Lec. | Correg. (x10™*) cm
0 - Q.0 0.10 0.00 0.05 0.00 0.00
2000 11.44 | 0.30 0.40 0.35 0.30 0.30
4000 22.88 0.60 0.50 0.55 0.50 0.50
6000 34.32 0.80 0.70 0.75 0.70 0.70
8000 45.76 1.00 1.20 1.10 1.05 1.05
10000 57.20 1.40 1.60 1.50 1.45 1.45
12000 68.64 210 2.00 2.05 2.00 2.00
14000 80.08 2.40 2.50 2.45 2.40 2.40
16000 91.51 3.40 3.00 3.20 3.15 3.15
18000 102.95 4.00 4.00 4.00 3.95 3.95
20000 114.39 4.80 7.50 6.15 6.10 ' 6.10
22000 125.83 5.50 9.00 7.25 7.20 7.20
24000 137.27 6.40 | 1050 | 8.45 8.40 8.40
26000 148.71 ' 7.00 | 12.00 | 9.50 9.45 9.45
28000 160.15 790 | 1350 | 10.70 10.65 10.65
30000 171.59 890 | 1550 | 12.20 12.15 12.15
32000 183.03 990 | 17.50 | 13.70 13.65 13.65
34000 194.47 11.40 | 20.00 | 15.70 15.65 15.65
36000 205.91 1270 | 23.00 | 17.85 17.80 17.80
38000 217.35 14.50 | 27.50 | 21.00 20.95 20.95
40000 + 228.79 17.00 | 30.00 | 23.50 23.45 23.45

ROTURA= Cmax/Area= 236.79 kglcm?

kglem?®
E1 =40%ROTURA = 94.7 kglem?
Eo = 22.9 kg/lcm2
D1 = 3.3 x10"-4cm
Do = 0.5 x10"4cm
M.E. = (E1-Eo) M.E. = 2.566 x10"5 kglem?

(D1 -Do )x10~4

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorpo‘rabic’m
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Il. ENSAYO EN EL ESTADO ENDURECIDO DEL CONCRETO CON FIBRA
MODULO DE ELASTICIDAD ESTATICO
1.- RELACION AGUA/CEMENTO 0.60

DOSIFICACION DE LA FIBRA 35 Kg/m® DE CONCRETO

PESO : 13.02 kg.
DIAMETRO : 15.00 cm.
AREA : 176.72 cm2
CARGA MAX: 51800 kg.
Carga Esfuerzo Lect. | Lect. | Prom. Lect. Deform. Unit.
L (kg) (kglem®) | 1zq. ]| Der. | Lec. | Correg. | (x10%) cm
0.00 0.00 0.10 0.15 0.13 0.00 0.00
2000 11.32 0.40 0.60 0.50 0.38 0.38
4000 22.64 0.70 1.00 0.85 0.73 0.73
6000 33.95 1.10 1.50 1.30 1.18 1.18
8000 45.27 1.50 2.00 1.75 1.63 1.63
10000 56.59 1.90 2.50 2.20 2.08 2.08
12000 67.91 2.30 3.10 2.70 2.58 2.58
14000 79.22 2.70 3.60 3.15 3.03 3.03
16000 90.54 3.10 4.00 3.55 3.43 3.43
18000 101.86 3.50 450 | 400 3.88 3.88
20000 113.18 3.90 4.90 4.40 4.28 4.28
22000 124.49 4.00 5.60 4.80 4.68 -~ 4.68
24000 135.81 4.80 6.70 575 5.63 5.63
26000 147.13 5.30 7.00 6.15 6.03 6.03
28000 158.45 5.90 8.00 6.95 6.83 6.83
30000 169.76 6.50 8.60 755 1.43 7.43
32000 179.37 7.00 9.40 8.20 8.08 8.08
34000 190.58 7.70 10.50 9.10 8.98 8.98
36000 201.79 8.50 1210 | 10.30 10.18 10.18
38000 213.00 9.00 12.80 | 10.90 10.78 10.78
40000 224.22 10.90 | 13.50 | 12.20 12.08 12.08
42000 235.43 11.00 | 16.20 | 13.60 13.48 13.48
44000 246.64 13.70 | 17.70 | 15.70 15.58 15.58
46000 257.85 15.50 | 19.80 | 17.65 17.53 17.53
48000 269.06 18.00 { 23.00 | 20.50 20.38 20.38
50000 280.27 24.00 | 24.00 | 24.00 23.88 23.88

ROTURA=  Cmax/Area= 293.13 kg/cm?

E1 = 40%ROTURA = 117.3 kglcm?®
Eo = "~ 15.2 kglem?
D1 = 4.42 x107-4cm
Do = 0.5 x10*-4cm
M.E. = (E1-Eo) . ‘M.E. = 2.603 x10%5 kglem?

(D1 - Do )x10"-4

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
de Fibras de Acero y CPT | Andino"
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DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO

PESO : 13.08 kg.
DIAMETRO : 14.86 cm.
AREA 173.43 em2
CARGA MAX: 50500 kg.
Carga Esfuerzo Lect. | Lect. | Prom. Lect. Deform. Unit.
(kg) (kg/cm?) lzg. | Der. | Lec. | Correg. (x10*) cm
0 0.0 0.00 0.00 0.00 0.00 0.00
2000 11.53 0.60 0.30 0.45 0.45 0.45
4000 23.06 1.10 0.70 0.80 0.90 0.90
6000 34.60 1.40 1.30 1.35 1.35 1.35
8000 46.13 1.80 1.70 1.75 1.75 1.75
10000 57.66 2.30 2.30 2.30 2.30 2.30
12000 69.19 2.60 2.70 2.65 2.65 2.65
14000 80.72 3.00 3.10 3.05 3.05 3.05
16000 92.26 3.50 3.40 3.45 3.45 3.45
18000 103.79 4.00 400 | 4.00 4.00 4.00
20000 115.32 4.50 460 455 4.55 4.55
22000 126.85 5.50 5.70 5.60 5.60 5.60
24000 138.38 6.00 6.60 6.30 6.30 6.30
26000 149.91 6.60 7.30 6.95 6.95 6.95
28000 161.45 7.30 8.10 7.70 7.70 7.70
30000 172.98 7.90 8.90 8.40 8.40 8.40
32000 184.51 8.50 9.60 9.05 9.05 9.05
34000 196.04 9.00 10.50 | 9.75 9.75 9.75
36000 207.57 9.90 11.40 | 10.65 10.65 10.65
38000 219.11 10.70 | 12.30 | 11.50 11.50 11.50
40000 230.64 11.60 | 13.40 | 12.50 12.50 12.50
42000 24217 12.50 | 14.50 | 13.50 13.50 13.50
44000 253.70 13.60 | 1580 | 1470 | 1470 14.70
46000 265.23 15.30 | 17.60 | 16.45 16.45 16.45
48000 276.77 17.00 | 19.50 | 18.25 18.25 18.25
~ 50000 288.30 19.50 | 2210 | 20.80 20.80 20.80
52000 299.83 2350 | 24.00 | 23.75 23.75 23.75

ROTURA= Cmax/Area= 291.18 kglcm?

E1 =40% ROTURA = 116.47 kglcm?
Eo = 12.62 kglcm®
D1 = 4.65 x10"4cm
Do = 0.50 x10"4cm
M.E. = (E1-Eo) M.E. = 2.502 x10%5 kglem?

(D1 - Do x10~4

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
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DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO

PESO : 13.18 kg.
DIAMETRO : 15.10 cm.
AREA : 179.08 cm2
CARGA MAX : 48600 kg.
Carga Esfuerzo Lect. | Lect. | Prom. | Lect. Deform. Unit.
{kg) (kg/cm?) Izq. Der. Lec. | Correg. (x10*) cm
0 0.0 --0.10 0.00 -0.05 0.00 0.00
2000 11.17 0.40 0.20 0.30 0.35 0.35
4000 22.34 0.80 0.60 0.70 0.75 0.75
6000 33.50 1.30 0.90 1.10 1.15 1.15
8000 44 .67 1.80 1.30 1.55 1.60 1.60
10000 55.84 2.30 1.80 2.05 2.10 210
12000 67.01 2.70 2.30 2.50 2.55 2.55
14000 78.18 3.20 2.70 2.95 3.00 3.00
16000 89.35 3.70 3.20 3.45 3.50 3.50
18000 10051 | 4.30 3.70 4.00 4.05 4.05
20000 111.68 5.00 4.50 475 4.80 . 4.80
22000 122.85 5.50 5.50 5.50 5.55 5.55
24000 134.02 5.90 5.80 5.85 5.90 590
26000 145.19 6.60 6.20 6.40 6.45 6.45
28000 156.36 7.30 6.50 6.90 6.95 6.95
30000 167.52 8.00 7.20 '7.60 7.65 7.65
32000 178.69 8.70 8.50 | 8.60 8.65 8.65
34000 189.86 9.90 9.10 9.50 9.55 9.55
36000 201.03 10.50 9.60 | 10.05 10.10 10.10
38000 212.20 11.50 | 10.30 | 10.90 10.95 10.95
40000 223.37 12.70 | 11.30 | 12.00 12.05 12.05
42000 234.53 14.00 | 12.30 | 13.15 13.20 13.20
44000 245.70 1570 | 13.20 | 14.45 14.50 14.50
46000 256.87 17.70 | 1510 | 16.40 16.45 16.45
48000 268.04 2220 | 17.90 | 20.05 20.10 20.10
50000 279.21 25.00 | 23.00 | 24.00 24.05 24.05

ROTURA= Cmax/Area= 271.39 kgicm?

kaglcm?
E1 = 40%ROTURA = 108.6 kglem?
Eo = 15.9 kg/cm2
D1 = 4.5 x10°-4cm
Do = 0.5 x10*-4cm
M.E. = (E1-Eo) M.E. = 2.317 x10"5 kglem2

(D1 - Do x10"4

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
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2.- RELACION AGUA/CEMENTO 0.65

DOSIFICACION DE LA FIBRA 35 Kgim® DE CONCRETO

PESO : 13.09 kg.
DIAMETRO : 14.97 cm.
AREA : - 176.0 cm2
CARGA MAX: 40600 kg.
Carga Esfuerzo | Lect. | Lect. | Prom. Lect. Deform. Unit.
(kg) (kglcm®) Izq. Der. | Lec. | Correg. (x10%) cm
0.00 0.00 0.20 0.00 0.10 0.00 0.00
2000 11.36 0.60 0.30 0.45 0.35 0.35
4000 22.73 1.00 0.70 0.85 0.75 0.75
6000 -34.09 1.40 1.30 1.35 1.25 1.25
8000 45.45 1.80 1.70 1.75 1.65 1.65
10000 56.82 2.20 2.30 2.25 215 215
12000 68.18 2.50 2.60 2.55 2.45 2.45
14000 79.54 2.80 2.90 2.85 2.75 2.75
16000 90.90 3.50 3.40 3.45 3.35 3.35
18000 102.27 4.60 4.60 4.60 4.50 4.50
20000 113.63 5.20 5.30 5.25 5.15 5.15
22000 124.99 5.90 6.00 5.95 5.85 5.85
24000 136.36 6.60 6.90 6.75 6.65 6.65
26000 147.72 7.30 7.70 7.50 7.40 7.40
28000 159.08 8.10 8.70 8.40 8.30 8.30
30000 170.45 8.90 9.90 9.40 9.30 9.30
32000 179.37 9.90 10.20 { 10.05 9.95 0.95
34000 190.58 11.00 | 12.90 | 11.95 11.85 11.85
36000 201.79 12.60 | 1510 | 13.85 13.75 13.75
38000 213.00 14.50 | 18.10 | 16.30 16.20 16.20
40000 224 .22 '18.00 | 22.40 | 20.20 20.10 20.10

ROTURA= Cmax/Area= 230.67 kglem?

E1 =40%ROTURA = 92.27 kglem?
Eo = 14.77 kglcm?
D1 = 3.60 x10*-4cm
Do = 0.50 x10*-4cm
M.E. = (E1-Eo) - ME. = 2.500 x1075 kglem?

(D1-Do x104

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
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DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO

PESO : 13.7 kg.
DIAMETRO : 14.98 cm.
AREA : 176.2 cm2
CARGA MAX: 43000 kg.
Carga Esfuerzo Lect. | Lect. | Prom. Lect. | Deform. Unit.
(kg) (kg/cm?) izq. | Der. | Lec. | Correg. (x10%*) cm
0 0.0 0.00 | 0.00 | 0.00 0.00 0.00
2000 11.35 050 | 0.30 | 040 0.40 0.40
4000 2270 100 | 070 | 085 0.85 0.85
6000 34.04 140 | 1.10 | 1.25 1.25 1.25
8000 4539 200 | 150 | 175 1.75 175
10000 56.74 250 | 190 | 2.20 2.20 2.20
12000 68.09 300 | 240 | 270 270 2.70
14000 79.44 360 | 290 | 325 325 3.25
16000 90.78 410 | 3.40 | 3.75 3.75 3.75
18000 102.13 470 | 390 | 430 4.30 4.30
20000 113.48 530 | 450 | 490 490 4.90
22000 124.83 68.00 | 500 | 550 5.50 5.50
24000 136.17 670 | 570 | 6.20 6.20 6.20
26000 147.52 750 | 640 | 695 6.95 6.95
28000 | 158.87 830 | 720 | 7.75 7.75 7.75
30000 170.22 920 | 8.00 | 860 8.60 8.60
32000 181.57 1050 | 910 | 9.80 9.80 9.80
34000 192.91 1170 | 1020 | 1095 | 10.95 10.95
36000 _ 204.26 13.00 | 11.50 | 12.25 | 12.25 12.25
38000 215.61 1470 | 1320 | 1395 | 13.95 13.95
40000 226.96 17.00 | 1550 | 1625 | 16.25 16.25
42000 238.31 21.00 | 1890 | 19.95 | 19.95 19.95

ROTURA=  CmaxiArea= 243.98 kglcm®

E1 =40% ROTURA = 97.59 kg/cm?
Eo = 14.00 kglcm?
D1= 4.10 x10"4cm
Do = 0.50 x10*4cm
M.E. = (E1-Eo) ME = . 2322 x105 kglcm2

(D1-Do x10"4

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
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DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO

PESO : 13.170 kg.
DIAMETRO : 14.910 cm.
AREA 174.601 cm2
CARGA MAX : 44800 kg.
Carga Esfuerzo Lect. | Lect. | Prom. Lect. Deform. Unit.
(kg) (kg/cm?) Izq. Der. Lec. | Correg. (x10?%) cm
0 0.0 0.00 0.00 0.00 0.00 0.00
2000 11.45 0.30 0.30 0.30 0.30 0.30
4000 22.91 0.60 0.60 0.60 0.60 0.60
6000 34.36 1.00 1.10 1.05 1.05 1.05
8000 45,82 1.50 1.70 1.60 1.60 1.60
10000 57.27 2.00 2.30 2.15 2.15 215
12000 68.73 2.40 2.90 2.65 2.65 2.65
14000 80.18 2.80 3.40 3.10 3.10 3.10
16000 91.64 3.80 4.00 3.90 3.90 3.90
18000 103.09 420 4.80 4.50 1 4.50 4.50
20000 114.55 530 530 5.30 5.30 5.30
22000 126.00 5.80 7.10 6.45 6.45 6.45
24000 137.46 6.20 7.90 7.05 7.05 7.05
26000 148.91 6.70 8.60 7.65 7.65 7.65
28000 160.37 7.50 260 | B.55 8.55 8.55
30000 171.82 8.20 10.80 | 9.50 9.50 9.50
32000 183.28 9.00 1220 | 10.60 10.60 10.60
34000 194.73 10.00 | 13.70 | 11.85 11.85 11.85
36000 206.18 11.00 | 15.60 | 13.30 13.30 13.30
38000 217.64 12.20 | 18.10 | 15.15 15.15 15.15
40000 229.09 14.00 | 22.90 | 18.45 18.45 18.45

ROTURA = Cmax/Area= 256.59 kglcm?

E1 = 40%ROTURA = 102.63 kglem?
Eo = 19.10 kglem?
D1 = 4.35 x10"-4cm
Do = 0.50 x10*4cm
M.E. = (E1-Eo) M.E. = 2.170 x10%5 kglcm?2

(D1 -Do }x10"4
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3.- RELACION AGUA/CEMENTO 0.70

DOSIFICACION DE LA FIBRA 35 Kg/m® DE CONCRETO

PESO : 13.7 kg.
DIAMETRO : 15 cm.
AREA : 176.7 cm2
CARGA MAX: 38000 kg.
Carga Esfuerzo Lect. | Lect. | Prom. Lect. Deform. Unit.
{kg) (kg/cm?) Izq. Der. Lec. | Correg. (x10%) cm
0.00 0.00 0.00 0.00 0.00 0.00 0.00
2000 11.32 0.40 0.30 0.35 0.35 0.35
4000 22.64 0.90 0.90 0.90 0.90 0.90
6000 33.95 1.30 1.40 1.35. 1.35 1.35
8000 4527 1.80 1.90 1.85 1.85 1.85
10000 56.59 2.30 2.40 2.35 2.35 2.35
12000 67.91 2.70 3.00 2.85 2.85 2.85
14000 79.22 3.20 3.40 3.30 3.30 3.30
16000 90.54 3.70 3.90 3.80 3.80 3.80
18000 101.86 4.50 4.80 465 465 465
20000 113.18 5.00 5.50 5.25 5.25 5.25
22000 124.49 5.60 6.20 5.90 5.90 5.80
24000 135.81 6.50 7.10 6.80 6.80 6.80
26000 147.13 7.40 | 7.90 7.65 7.65 7.65
28000 158.45 8.40 8.90 8.65 8.65 8.65
30000 169.76 950 | 1010 | 9.80 9.80 9.80
32000 179.37 11.20 | 11.50 | 11.35 11.35 11.35
34000 190.58 13.50 | 13.30 | 13.40 13.40 13.40
36000 201.79 16.50 | 1520 | 15.85 15.85 15.85
38000 213.00 2200 | 1870 | 20.35 20.35 20.35

ROTURA = Cmax/Area = 215.04 kg/em®

E1 = 40%ROTURA = 86.01 kglem?
Eo = 14.40 kglom®
D1= 3.50 x107-4cm
Do = 0.50 x10*4cm
M.E. = (E1-Eo) M.E. = 2.387 x10°5 kglem?

(D1 - Do x10*-4
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DOSIFICACION DE LA FIBRA 45 Kg/m® DE CONCRETO

PESO : 13.07 kg.
DIAMETRO : 14,96 cm.
AREA "~ : 175.8 cm2
CARGA MAX: 41000 kg.
Carga Esfuerzo Lect. | Lect. | Prom. Lect. Deform. Unit.
(kg) (kglem®) | 1zq. | Der. | Lec. | Correg. | (x10%)cm
0.00 0.0 0.10 0.10 0.10 0.00 0.00
2000 11.38 0.30 0.30 0.30 0.20 0.20
4000 22.76 0.60 1.10 0.85 0.75 0.75
6000 34.13 1.30 1.80 1.55 1.45 1.45
8000 . 4551 1.70 2.40 2.05 1.95 1.95
10000 56.89 2.50 3.20 2.85 2.75 2.75
12000 68.27 3.00 3.50 3.25 3.15 3.15
14000 79.65 3.40 3.80 3.60 3.50 3.50
16000 91.03 3.80 4,10 3.95 3.85 3.85
18000 102.40 5.00 5.80 5.40 5.30 5.30
20000 113.78 6.00 6.80 6.40 6.30 6.30
22000 125.16 7.00 7.80 7.40 7.30 7.30
24000 136.54 8.00 8.70 8.35 8.25 8.25
26000 147.92 9.00 9.80 9.40 9.30 9.30
28000 159.30 10.00 | 10.90 | 10.45 10.35 10.35
30000 170.67 12.00 | 12.30 | 12.15 12.05 12.05
32000 182.05 15.00 } 13.80 | 14.40 14.30 14.30
34000 193.43 18.00 { 15.60 | 16.80 186.70 16.70
36000 204.81 20.00 | 18.20 | 19.10 19.00 19.00
38000 216.19 22.00 | 2010 | 21.05 20.95 20.95
40000 227.57 26.00 | 25.00 | 25.50 25.40 25.40

ROTURA= Cmax/Area= 233.25 kglcm’

E1 =40% ROTURA = 93.30 kglcm®
Eo = ‘ 17.58 kglcm?
D1 = 4.00 x10M4cm
Do = 0.50 x10*4cm
M.E. = (E1-Eo) M.E. = 2.163 x10"5 kglcm2

(D1 - Do )x10"-4
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DOSIFICACION DE LA FIBRA 55 Kg/m® DE CONCRETO

PESO : 13.0 kg.
DIAMETRO : 14.9 cm.
AREA : 174.6 cm2
CARGA MAX : 38200 kg.
Carga Esfuerzo Lect. | Lect. | Prom. Lect. Deform. Unit.
(kg) (kglcm®) Izg. | Der. | Lec. | Correg. (x10*) ecm
0 0.0 0.00 0.10 0.05 | 0.00 0.00
2000 11.45 0.30 0.30 0.30 0.25 0.25
4000 22.91 0.60 0.80 0.70 0.65 0.65
6000 34.36 1.10 1.30 1.20 1.15 1.15
8000 45,82 1.60 1.90 1.75 1.70 1.70
10000 57.27 2.10 2.40 2.25 2.20 2.20
12000 68.73 2.70 3.00 2.85 2.80 2.80
14000 80.18 3.20 3.70 3.45 3.40 3.40
16000 91.64 3.60 420 3.90 3.85 3.85
18000 103.09 4.30 5.10 4.70 4.65 4.65
20000 114.55 4.80 5.90 5.35 5.30 5.30
22000 126.00 5.50 6.80 6.15 6.10 6.10
24000 137.46 6.40 7.70 7.05 7.00 7.00
26000 148.91 7.00 8.90 7.95 7.90 7.90
28000 160.37 7.70 1010 | 890 8.85 8.85
30000 171.82 840 | 11.50 | 9.95 9.90 9.90
32000 183.28 9.50 13.70 | 11.60 11.55 11.55
34000 194.73 1060 | 16.30 | 13.45 13.40 13.40
36000 206.18 12.00 | 20.40 | 16.20 16.15 16.15
38000 217.64 14.50 | 28.40 | 21.45 21.40 21.40

ROTURA= Cmax/Area= 218.78 kglem?

E1 = 40%ROTURA = 87.5 kg/cm®
Eo = 18.6 kg/cm?
D1 = 3.8 x10"-4cm
Do = © 0.5 x10*4cm
M.E. = (E1-Eo) M.E. = 2.088 x10"5 kglem?

(D1 -Do x10"4

Tesis: "Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
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GENERALIDADES
En el presente anexo se presenta el analisis de costos para 1 m® de concreto, de

los insumos empleados en la elaboracién del concreto Patrén (sin fibra) y adicionando
dosificaciones de Fibra de Acero Insonex de 35, 45, 55 kg/m3 de concreto para las
relaciones de agua/cemento: 0.60, 0.65, 0.70 respectivamente.

1. RELACION AGUAICEMENTO: 0.60

1.1 CONCRETO PATRON

Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo | " bls 8.43 17.50 147.53
Arena Gruesa m° 0.345 20.00 6.90
Piedra Chancada de 3/4" m’ 0.315 40.00 12.60
Agua Its 2255 0.005 1.13
Costo Total (S/.) ’ 168.15
1.2 DOSIFICACION DE FIBRA: 35 kg/m® DE CONCRETO
Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo | bls. 8.43 17.50 147.53
Arena Gruesa m’ 0.345 20.00 6.90
Piedra Chancada de 3/4" m° 0.315 40.00 12.60
[Agua lts 225.5 0.005 1.13
Fibra de Acero Insonex kg 35.00 5.60 196.00
Costo Total (S/.) 364.15
% Respecto al Patrén 216.56 %
1.3 DOSIFICACION DE FIBRA: 45 kg/m® DE CONCRETO
Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo | bls 8.43 17.50 147 .53
Arena Gruesa m’ 0.345 20.00 6.90
Piedra Chancada de 3/4" m® - 0.315 40.00 12.60
Agua Its 225.5 0.005 1.13
Fibra de Acero Insonex kg 45.00 560 252.00
Costo Total (S/.) 420.15
% Respecto al Patrén 249.86 %

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacién
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1.4 DOSIFICACION DE FIBRA: 55 kg/rﬁa DE CONCRETO

Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo | bis 8.43 17.50 147.53
Arena Gruesa m’ 0.345 20.00 6.90
Piedra Chancada de 3/4" m’ 0.315 40.00 12.60
[Agua , Its 2255 0.005 1.13
Fibra de Acero Insone kg 55.00 5.60 308.00
Costo Total (S/.) 476.15
% Respecto al Patrén 283.17 %

2. RELACION AGUA/CEMENTO: 0.65
2.1 CONCRETO PATRON

Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo | bis 7.75 17.50 135.63
Arena Gruesa ’ m’ 0.351 20.00 7.02
Piedra Chancada de 3/4" m® 0.320 40.00 12.80
[Agua Its 224.6 0.005 1.12
Costo Total (8/.) 156.57

2.2 DOSIFICACION DE FIBRA: 35 kglm3 DE CONCRETO

Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo | bls 7.75 17.50 135.63
Arena Gruesa m> 0.351 20.00 7.02-
Piedra Chancada de 3/4" m’ 0.320 40.00 12.80
[Agua Its 224.6 0.005 1.12
Fibra de Acero Insonex kg 35.00 5.60 196.00
Costo Total (S/.) 352.57
% Respecto al Patron 22519 %
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2.3 DOSIFICACION DE FIBRA: 45 kg/m® DE CONCRETO

Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo | bls 7.75 17.50 135.63
Arena Gruesa m’ 0.351 20.00 7.02
Piedra Chancada de 3/4" m° 0.320 40.00 12.80
[Agua its 2246 0.005 1.12
Fibra de Acero Insonex kg 45.00 5.60 252.00
Costo Total (S/.) 408.57
% Respecto al Patron 260.95 %

2.4 DOSIFICACION DE FIBRA: 55 kg/m3 DE CONCRETO

Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo | bls 7.75 17.50 135.63
Arena Gruesa m’ 0.351 20.00 7.02
Piedra Chancada de 3/4" m’ 0.320 40.00 12.80
[Agua its 2246 0.005 1.12
Fibra de Acero Insonex kg 55.00 5.60 308.00
Costo Total (S/.) 464.57

. 1% Respecto al Patrén 296.72 %
3. RELACION AGUA/CEMENTO: 0.70
3.1 CONCRETO PATRON

Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo | bis 7.16 17.50 125.30
Arena Gruesa m’ 0.356 20.00 7.12
Piedra Chancada de 3/4" m’ 0.324 40.00 12.96
[Agua Its 223.8 0.005 1.12

146.50

Costo Total (8/.)
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3.2 DOSIFICACION DE FIBRA: 35 kg/m® DE CONCRETO

Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo I - bls 7.16 17.50 125.30
Arena Gruesa m’ 0.356 20.00 7.12
Piedra Chancada de 3/4" m’ 0.324 40.00 12.96
[Agua lts 223.8. 0.005 1.12
Fibra de Acero Insonex kg 35.00 5.60 196.00
Costo Total (S/.) 342.50
% Respecto al Patrén 233.79 %

3.3 DOSIFICACION DE FIBRA: 45 kg/m3 DE CONCRETO

Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo | bis 7.16 17.50 125.30
Arena Gruesa m° 0.356 20.00 7.12
Piedra Chancada de 3/4" m® 0.324 40.00 12.96
Agua Iits 223.8 0.005 1.12
Fibra de Acero Insonex kg 45.00 560 252.00
Costo Total (S/.) 398.50
% Respecto al Patron 272.01 %

3.4 DOSIFICACION DE FIBRA: 55 kg/m3 DE CONCRETO

Materiales Und Cantidad P.U. Parcial
Cemento Andino tipo | bis 7.16 17.50 125.30
Arena Gruesa m’ 0.356 20.00 712
Piedra Chancada de 3/4" m® 0.324 40.00 12.96
Agua Its 223.8 0.005 1.12
[Fibra de Acero Insonex kg 55.00 5.60 308.00
Costo Total (8/.) 454.50
% Respecto al Patrén 31024 %

Tesis: “Estudio del comportamiento del concreto de mediana a baja resistencia, con la incorporacion
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FOTO N° 01 MEZCLADORA UTILIZADA

FOTO N° 02 ENSAYO DE FLUIDEZ



FOTO N° 03 VIBRADO DEL CONCRETO

e g

#

FOTO N° 04 ENSAYO DE TIEMPO DE FRAGUADO



FOTO N° 05 ENSAYO DE CONTENIDO DE AIRE

FOTO N° 06 ENSAYO DE PESO UNITARIO COMPACTADO



FOTO N° 07 PROBETAS ENSAYADAS
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FOTO N° 08 ENSAYO DE COMPRESION DIAMETRAL



FOTO N° 09 ENSAYO DE FLEXION EN VIGAS

FOTO N° 10 VIGA CON FIBRA DE ACERO



FOTO N° 11 VIGA SIN FIBRA DE ACERO

FOTO N° 12 CORTE DE LA VIGA



FOTO N° 13 ENSAYO DE IMPACTO EN DISCOS

FOTO N° 14 FALLA DEL DISCO
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Standard Specification for
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R 1916 Race Si, Pniaceipha, Pa. 19103
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Steel Fibers for Fiber Reinforced Concrete’

This suandard is issued under the fixed designation A §20; the number immedistely following the designation indicates the year of
original adoption or, in the cass of revision, the vear of last sevision. A number in pareatheses indicaies the year of last reapproval. A
superseript epsilon (¢} indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification covers minimum standards for stesl
fibers intended for use in fiber reinforced concrete. Steel
fibers for this purpose are defined as pieces of smooth or
deformed cold drawn wire; smooth or deformed cut sheet;
melt-extracted fibers; or other steel fibers that are sufficiently
small 10 be dispersed at rendom in a2 concrete mixture.

1.2 This specification provides for measurement of di-
mensions, tolerances from specified dimensions, and re-
guired minimum physical properiies, and prescribes testing

cedures to establish conformance 1o these requirements.

1.3 The values stzted in inch-pound units are to0 be
regarded as the standard.

2. Referenced Documents

2.1 The following documents of the issue in effect on the
date of matenal purchase form a part of this specification to
ihe exient referenced herein,

2.2 ASTM Standards:

A 370 Methods and Dei‘mnons for Mcchamml Testing of
Steel Products?

C 94 Specification for Rcadv-Mmea Concrctc

2.3 ACI Standard:

544.1 R-82 State-of-the-Art chort on Fiber Reinforced
Concrete*

3. Terminology

3.1 Symbols—The following symbols usA in this s*pcaﬁ-
cation are defined as:

.11 A—cross-sectional arez, in.? (mm’).

1.2 d—diameter, in. (mm).
1.3 f,—ultimate tensile strength, psi (MPa).
1.4 l—length, in. (mm). -
1.5 A—l/d = aspect ratio.

3.1.6 The suvbscript “n” on dimensional units indicates
“nominal” and the subscript “e” indicates “equivalent™
“Nominal™ and “equivalent” dimensions are calculated from
other measurable dimensions or average weights.

}.,Jblbl

4. Classification ) .
4.1 Four general types of steel fibers are identified in this

' This specification is under the jurisdiction of ASTM Commitiee A-1 on Steel,
Suinless Steel, and Related Alloys and is the direct responsibility of Subcommines
A01.05 oa Sicel Reinforcement

Current edition approved Apr 21, 1990 Published June 1990, Originally

nublished as A 820 - 85, Last previous cdition A 820 - §5.

* Annual Book of ASTM Siendards, Vol 01.04.

> Annuel Book of ASTAS Siandards, Vol 04.02.

* Avzilable from Amencan Concreie Institute, P.O. Box 19150, Redford
Sation, Detroit, M1 48219, ~

specification basad upon the product used as a source of the
stesl fiber material,

4.1.1 Type ], cold drawn wire.

4.1.2 Type 1], cut sheet.

4.1.3 Type II1, melt-cxtracted.

4.1.4 Type 1V, other fibers,

4.2 Fibers may be straight or deformed.

5. Ordering Information

5.1 Orders for material under this specification shouid
include the following: .

5.1.1 ASTM designation and year of issue,

5.1.2 Quantity in pounds or tons,

5 1.3 Type or types permissible (4.1),

5.1.4 Diameter or equivalent dizmeter (8.1), or rangc of
equivalent diameters (8.1.5),

5.1.5 Length or nominal length (8.1),

5.1.6 Deformations, if required, and

5.1.7 Whether certification by the producer or supplier is
required including whether a repor? is 10 be furnished (15.1).

Notz 1—For information on sztisfaciory sizes and aspect ratios, se¢ |

ACl 544.1R-82, and contact producer regarding availability.

6. Material and Manufacture
6.1 The materials 2nd manufacturing methods used shzll

- be such that the fibers produced conform to the require-

meants in this specification.

7. Responsibility for Quality Assurance
1.1 Responsibility for Inspection—Unless otherwise spec-

" ified in the contract or purchzse order, the producer is

resporsible for the performance of 2l inspeciion and 1est
requirements specified herein. Except as otherwise specified
in the contract or order, the producer may use his own or
any other suitable facility for the performance of the
inspection and test requirements specified herein unless
disapproved by the purchaser, The purchaser shall have the
right to pcrform any of the 1nspect10ns and tests set forth in
this specification where such inspections are deemed neces-
sary to assure that material conforms to prescribed require-
ments,

8. Dimensions and Tolerances

8.1 Dimensions:

8.1.1 Strzight cold-drawn wire fibers are specified by
diameter (d) or equivalent (d,) and length (), that establish a
specified aspect ratio (I/d) or ({/d.).

8.1.2 Deformed cold-drawn wire fibers arc specified by
the diameter (d) or equivalent diameter (d.) and length
(out-to-out) after bending (/). Nominal aspect ratio () is
established as (/,/d) or (I./d.). See Fig. 1.
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- 8.1.3 Cut sheet fibers are-specified by thickness (1), width

), and length (/). Nominal aspect ratio {A,) can be
computed as //VaAfx = l/d.,, where A = w and d, =
ecuivalent diameter. See Fig. 2

8.1.4 Deformed cut sheet fibers are specified by thickness
(1), width (w), and out-to-out length aftier deformation (/,).
Nominal aspect ratio (A,) can be computed as / Vdd/x =
1,/d.. See Fig. 3.

8.1.5 Melt-extracied or other fibers are specified by 2
range of equivalent diameters, (4,), and length (/). Equivalent
diameter is computed from measured average length and the
we:ght of a known quantity of ﬁbcrs, based upon 0.2836
15/1n.% (7850 kg/m>). See Fig. 4

8.2 Tolerarces: :

S.2.1 The length shall not vary from its specified value

more than =10 %.

S 2.2 The diameter or equivalent diameter shall not vary

am its specified value more than =10 %.

Q .2.3 The aspect ratio shall not vary from its specified
vzlue more than =15 %.

. Tensile Requirements

5.1 The average tensile strength, f;, shall not be less than
5G 000 psi (345 MPa).

1G. Bending Requirements
10.1 Fibers shall withstand bending around a 0.125-in.

(3.18-mm) inside diameter to an angle of 90° at temperatures -

not less than 60°F (16°C) without breaking.

NOTE 2—The bending requirements of this specification provide 2
genzrzl indication of fiber ductility, 2 may be imporizant in resisting
breakage during handling 2nd mixing operations. Ductility measures of

finer reinforced concrele are outside the scope of this specification; see

AT 544.1R-82,

13. Surface Condition

1.1 Seams and surface irregularities shall not be cause for
reiection provided that tensile properties are not less than
reguirements of this specification and mmng performance
in concrete is not adversely affected.

11.2 Rust, mill scale, or other coatings shall not be cause
r rcjcction provided that the individual fibers separzate
when mixed in concrete in accordance with Specification
C 94, and tensile and bending properties are not less than the
requirements of this specification.

. Measurement of Dimensions -

12 1. Measurement of dimensions shall be pcrformcd on
not less than 10 randomly selected specimens for each test to
establish the average for conformance to specified tolerances.
At least 90 % of the specimens in each test shall meet the
specified tolerances for length, diameter or equivalent diam-
«icr, and aspect ratio. -

12.2 At least one test shall be performed for each 5 tons

Ml

FIG. 1 Deformed Cold-Drawn Fibers

5 tons (4.5 Mg). Atleast 30

FIG. 2 Cut Sheet Fibers

(4.5 Mg) of material or each shipment if less than 5 tons (4
Mg). ,

13. Tests

13.1 At least one tensile test, consisting of 10 random
selected finished fibers, shall be performed for each 5 to
(4.5 Mg) of material or each shipment if less than 5 tons (4
Mg). The average value of f in these tests must not be
thzn 50 000 psi (345 MPa). The tensile strength of any one
the tzn specimens shall not be less than 45 000 psi (3
MPa) Where the parent source matenzl consists of sheet
wire, tensile tests by the producer may be performed -
laiger samples of source material. One sample of ez
different source material used shall then be tested for-eact
tons (4.5 Mg) of material or each shipment if less than 5 tc
(4.5 Mg). The tensile strength of 2 single s2mple of sows
material shall not be less than 50 000 psi (345 MPa).

13.1.1 The cross-sectional area ussd 1o compute 1
tensile strength shall be carried out to five decimal places,
units of square inches, and shall be: (1} for drawn wire fibe
the area calculated from the actual diameter =f the pare
source materizl or finished fibers; (2} for cut skeel fibers,
area czlculated from the actual thickness and width of t
parent source specimen, or if fibers are tested, the zarea
each individual fTber calculated from the measured leng
and weight of the fiber, weighed to the nearest 0.0001
based on a density of 0.2836 Ib/in.? (7850 kg/m*); and (3).
melt-extraction fibers or other fibers specified by eguival
diameter, the area calculated from the equivalent diameter
the fibers. See 8.1.5. The breaking load in pounds-force
individual fibers shall be measured to at least three sign
cant figures. Testing shall be in accordance with Mcmc
and Definitions A 370, where apphmblc. .

13.2 Ten randomly selected specimens of finished fib
shall be bent 90° around a 0.125-in. (3.18-mm) ins
dizameter without breaking. The test may be done by ha
At lzast one test consisting of 10 specimens shall be made
each § tons (4.5 Mg) of matenal or each shipment if less th
% of the specimens must pass !
test.

14. Rejection and Retest

14.1 Ifany test fails to conform to the requirements of t
specification, it shall be cause for rejection of the mater
represented by the test. When any test fails to meet @
requirements of tension, bending, or dimensional toleranc
a retest will be allowed. This retest shall be performed
twice the number of randomly selected specimens origing
tested. The retest shall meet the requirements of the spec
cation or the lot shall be rejected.

14.2 Also, material in which defects are discovered dur
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FIG. 3 Deformed Cut Sheet Fibers
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FIG. 4 Melt-Extracted and Other Fibars

subsequent manufacturing operation may be rejected. If
rejected, the producer or supplier shall be responsible only
for replacement of material to the purchaser. As much as
possible of the rejected materal shall be returned to the
producer or supplier.

14.3 Rejection shall be rcponcd to the producer or
supplier promptly and in wrtng. In case of dissatisfaciion
with the results of the test, the producer or supplier may
make claim for 2 rehearing.

15. Certification

15.1 The producer or supplier shall on request furnish to
the purchaser a certificate stat.'ng that each lot hzs been
=mplod tested, and inspacted in accordance with this spcc1-
icztion’and has met the requirements. When specified in the

burc’nasc order or contract, a report of the test results shall be
furnished.
16. Packaging and Marking

16.] The material shall be packaged to provide adequaie

protection during normal handling 2nd transportztion and

each package shall contain only one type and size of materizl

. unless otherwise agreed upon. The type of packaging and

gross weight of containers shall, unless otherwise agreed
upon, be at the producer's or supplier’s discretion provided
that they are such as to ensure acceptance by common oOf
other carriers for safe transportation at the lowest rate to the
oeh\cry pomt. ]

16.2 Each shipping container shall be marked with Lhc pur-
chase order number, material, size, tvpe, specification desig-
nation, net weight, and the producer's name or trademark.

The Amearican Society for Testing and Malerisls 1ekes no pasiion raspecting the validity of any palent rights esserted in connsction
with any kem mentioned in this standard, Users of this siandard are expressly acvised that dslermination ol the vs!»d:ry ol any such
patent rights, and the risk of inlringament ol such rights, ere entitely their own responasidility.

This standard Is subject 10 revision at any lime by the rasponsiie lechnical commities and must be reviewed every five years and
¥ ol revised, sithas reappeoved or wihdrawn. Your comments are kviled ekher for ravision of this standard or for additiona! standerds
and showid ba addressed to ASTM Headquarters. Your commarts will recaive carefud consideration &t & mesting of Ihe responsivle

" technical committee, which you may altend. if you feel that your commends have ncl received & fubwmgywshouldma.kayw
views known 1o the ASTH Commites on Standards, 1916 Race SL, Phisdelphis, PA 19103,
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Fiber-Reinforced Concrete and Shotcrete’

This standard is issued under the {ixed designation € 1115; the number |
original adoption or, in the case of revision, the year of last revision. A aumide

ety (anw"'g he dasignadon indicatss the yeas of
a parzathesss indicaies the year of last rapproval. A :

sapersciipt epsilon (¢) indicates 2n editodial change since the izst rovision or rzapproval,
1. Scope C 109 Test Mz 1od for Comprassive Strength of Hydraulic
1.1 This specification covers 2!l forms of fiber-rzinf Cement Morass (Using 2-/in. or 50-/mm Cube Spe-

oncreiz nat are deixvered 10 2 purchaser with the
:‘nta uniformly mixed, and that can be sampied and tesiad at
tnz point of d:nvery. {t doss not cover the placems
consolication, curing, or protcc"on 0:' ihe fiber-reinf
concreie after dalivery 10 the purchz

1.2 Cerizin saciions of this specification are 2lso a;:-pli-
cable to fiker-reinforced concrete intendad for shotereting by
the ¢ry-mix process whan saA.Aplmg and testing of concreie is
possible only at the point of placement. In this cass, the
sections dealing with batching plani, mixing equipmeant,
mixing and delivery, and measurement of uork=b ility and
a2ir content, are not apphcaolﬂ

1.3 This specification doss not cove Lhm-sec;ion glass
fizer-reinfcreed concrete mam.factu.-d by the sprzy-up
process that is under the jurisdiction of ASTM Subcom-
mines C27.40. .

1.4 The vaiues stated in inc’n-pound units are 10 be
reg 3'dea as the stancard. .

.5 The following precautionary siatement perizins oaly
to Lhe 1est method portion, Sections 16 znd 19, of this
specification: This standerd may involve hazerdous mate-
ricls, operations, end eguipment. This standard does not
ourport 10 address all of the safety problems asscciated with
its use. It is che responsibility of the user of this stcndard to
establisk appropriatz safety and health prectices and deter-
mine the appiicedility of regulctory fimitations prior to use.
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2. Reierenced Documents

2.1 ASTM Standerds:

A 820 Specification for Steel Fibers for Fiber-Reinforced
Concrete®

C 31 Practice of Making 2nd Curing Concrete Test Speci-
mens in the Field®

C 33 Specification for Concrete Aggregates’

C 39 Test Method for Sirength of CVItndncal Concrete
Specimens’

C 42 Metheds of Obtaining and Testing Drilled Cores and

Sawed Beams of Concrete?

Ci ,5 Test Method for Flexural Streagth of Concrete
(Using Simple Beam with Third-Point Loac‘.mf')3

C 94 Specification for Ready-Mixed Concrete?

' This specification is under the jurisdicion of ASTM Commins: C-§ on
Cancreie 2nd Congrete Aggresates and is the dirset respoasibility of Suoc*r“cu(‘“
CC09.03.0% on Fiber Reinforced Concreie,

C. =5t edition approved Junc 18, 1939, Publisned July 1939, °

*Anmual 300k of ASTM Stendords, Vel 01.04.

3 Aarusi 3oo0k of ASTM Stancards, Yol 01.02.

C 133 Tast Mzathed for Unit 'Ve‘.z’nt, Yield, and Air
ontznt (Gravimetrie) of Conerate?

C 143 Tast Meathod for Slum l'?onland Cemzat Con-
cret?

C130 Specu'cauon for Poriland Cement®

C 172 Method of Sz'.'-w.plmc Freshly Mixed Concratz?

C 173 Test Meathod for Air Contznt of Fresaly Mixed
Concrate by the Volumeric Method?

C 191 Test Me thoo for Time of Seuting of Hydra
Cement by Vicat Nezsdle®

C 192 Practce of Meaking and Cunng Coacreie Tes
Sgecimens in the Lzboraony?

C 231 Test Mzthod for Air Content of Freshly
Corcrets by the Pressure Method?

C 280 Specification for Alr-Entreining Admixmures for
Concrete?

C 330 Specification for Lightwelzht Aggregates for Siruc-
turel Concrete’

C 387 Spectiication for Packaged, Dy,
rizls for Mortar 2nd Concrstz®

C 494 Specification for Chemical Admixiures for Con-
crete?
C 367 Test Method for Unit Weight of S
weicht Coacrete?

C 595 Specification for Bleaded Hydraulic Cements?®

C 518 Specification for Fly Ash and Raw or Czlcined
Naturzl Pozzolans for Use as a Mineral Admixture in
Pordend Cement Coacrete?

C 637 Specification for Aggregates for Radiation-Shiclding
Concrete®

C 486 Test Method for Resista
Freezicg and Thawing?

884 Method of Making, Accelerated Curing, and Test-

of Concrete Compression Test Specimens®
Specification for Concrete Madc by Volumetric

ching and Continuous Mixicg

Specification for Packagzd, Dry, Combined Mate
als for Surface Bonding Morar

9: Test Method for Time of Flow of Fiber-Reinforced
Concrete Through Inverted Slump Cone?

C 1017 Specification for Chemical Admixtures for Use 1n
Producing Flowing Concrete’

C 1018 Test Meathod for Flexural Toughness and Firs:-
Crack Sireagih of Fiber-Reinforced Concrete (Using

t
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Combined Mate-
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ace of Concrete t¢ Rapid

0
O
o0

@)
3
ga

o
g’oﬁ'

@]
o0
(2]
g oo

@]
\01

. 3004 of AST.M Stzncerss, Vol 0401,
¥ tmnuz Bock of ASTM Siznczrcs, Vol 8208,



Bezm with Third-Point Loading)’
C 1077 Pracice {or Laborziones Tzsi
Concraiz Aggregatas jor Use in C
teria for Laboratony Evaluation
D 312 Test M=thods for Chlorice lor-
D 316 Tes: Methods for Sulfz:z lon in \\':-.zer

2.2 AC] Sizndards end Reporis:

2i1.1 Stzndzrd Precuice for Seieciing Proponiio
Nemmzl and Heavvweight Con

211.2 Swendard
Struciural Lich

214 Recomme

? Sp:c'.ﬁ

306 R. Guide for S‘xmcret'rg

5443K G ude for Specifving, Mixing, Pizcing 2nd Fin-
ishing Steel Fiber- R°mr rced Concrate?

23, .SHlOSl ndaréd

ent of Wash Waiar?

<ArrA.

nagra:

3. Terminology
3.1 Descripiicrns of Terms Specific i0 Tnis Sizv
3.1 foers—s!c der and elongated filaments in the form
ofounc es, networks, or sirands of anv natural or manufzc-
ured metenzl that can be distribuied throughout freshaly
mixed ¢ ncr:‘e.
3.1.2 menufacturer—the contracior, subconiracior, sup-
plier, or procucer who furnishes the fiber-reinforced con-
crete.

3.1.3 purckaser—ihe owner or representative thereof.

4. Classification

41 This specificztion clessifies fiver-reinforcad concrete
ot shoicreie by ihe matenal wpe of the fiber incorporated.
THc pcnorr\aﬂc‘ of a fiber-reinforced concrete or shotcrete

epends sirongly upon the suscepubility of the fibers to
physical demags during the mixing or shotcreting procass,
their -..ucal compaunxhtv with the normally alkaline
cnviron..‘..m within cement paste, and their resistznce 10
service conditions encountered within uncracked concrete or
as a consequence of cracking, involving, for example, carbon
dioxide, chlonides or suiphates in solution with water and
oxvgen or uitraviolet light in the atmosphere. The mzgnitude
of improvements in the mechaniczl properties of the con-

crete or shetcrete imparied by fibers also reflects the materal
charactenstics of the fiber 1ype with fibers having a high

modulus of elasiicity 2nd tznsile sirength being more effec-
iive on an equivalent volume basis than fibers of low

modulus and sirengih.

211 Type [ Sieel Fider-Reinforced Cencre:e or Shoi-
crece—Coniains sizinless steel, alloy siesl, or carben steel
noers, (se2

Note 1).

icen C:m"'xc iasticie, PO Bow 15150, Detroit. ML

amefizan Assdciatizn of Siaie Highway 1n¢ Trasponaton

ng

j—Steel fizers are not ecasily damagsd by the mixing or
chemizally compatibic with the normally
cment pasie, Carﬂo. sizzl
U cause rusing of conventionzl sie
car-surizee peruon of concrets subjesi 10 ¢arbo

412 Tpﬂ Il Giass Fiber-Reinjorced Corcrel’ or Sho:-
creie—Conztzins aikali-resisizat glass fibers, (see Note 2).

in coacrele or shotcrete subjeciad 10 welling.
ist ground have the potential to
t pasie theredy weakening the
e viraton producs
g the intersdizial spaces betwssn
sechanisms cause raduciions in
x"x,,act rasisizncs with 228, The a_kau-.':s.s.am
ieveioped for use with cement zrs mors
the E-glass znd other tvpes not :.—.a:k:z:d
and sdouid be used in cosjuncion with
uguss for suppressing the aikzl-silica reaction. for
of a low-alkali cement or 2 mineral admixiure, or both.
the use of AR-glaes [ cv:.-s doss not pr-\c-.. dc‘cnOF.lc'x
einforeed concrete cxpcs. 10 moisiure for 2 long period

e 0

PPN
U

ums, tut only siows the rzie 2t which it ocours.
Glzss {ibers can be damazgsd by conventional concrete mixing

2,
1) [
.(.

Processes

zind in ¢

emploving coarse aggregate, but have been used in shoterete
ther cementitious matices such 25 meachanically mixed ma-
© monaer (sse Specification C 887) znd thin-seciion gless fiber-
T rced coacreis prepered by the spray-up process (under the
junsdiction of ASTM Subcommirtes C27.40).

4.1.3 Type Il Synthetic Fiber-Reinforced Concreie or
Shoicrete—Contains virgin bomopolvmcr polvpropylene fi-
bers or other synthetic fibers for which documentary evi-

iznce can be produced confirming their long-term resistanc
10 Cdeterioration when in contact with the moisture nc‘

zikzlies present in cement paste or the substances present in

air-eniraining and chemical admixtures, (see Note 3 and
4.2).

NoTE 3—Vi—;in homopoivmer polypropylene fibers are not attacked
by t=e copstirvents of cement or the subsiznces encountered in most
air-ecir2ining 2nd chemicel admixtures. Fibers made with some other
solvmers mey d:'.'ricra:: when in conlzet with moisiure, aikalies. the

iztergents pressat in some zir-snlreining admixtures, or some of the
ingredisnts of chemical zdmixturss.

2.2 When the purchae‘ chooses 10 permit the use of
fibers odvr than those complving with the classifications in
4.1, for example: natural fibers, metallic fibers other than
stezl, carbon fibers, etc., the producer shall show evidence
satisfactory 1o the purchaser that the tvpe of fiber proposed
for use does not react adverssly with the concrete ot
shotcrete matnix, including the constituents of any admix-
tures preseat, or with the sx.r'ou:ding environment in ihe
cracked matnx, cav..smg deterioration in mechanical proper

ties with 2z2 undsr the exposure conditions anticipated in the
appiiczuon.

5. Basis of Purchase

3.1 The besis of purchase for conventicnzlly mixed fiber
inforced coneraiz shall be the cubic vard or cubic metre o
{rasily mixzd and unhardened maieral as discharged from

3.2 The volume of freshly mixed and unhardened mate
izl d given baich shail be determined from the 1otz
wzight ofh e bateh divided by the un;t '*'eighl in pounds pe
tor Kilograms per cubic metre. The total weight ¢
h sl':z.il be caleulated 2ither2s .h' sum of the weight



of all matenials, inciuding water, ente ring the baich. or 25 1he
net weight ox‘tn: concretz in the salch a5 delivered. The ur.::
weight shall be determinzd in accordance with Meih
C 138 or C 367 for the averzge of zt lsast threz measure-
ments, each on a differznt semple. Sampiing shall bz in
accordance with Practice C 172,

8

NOTE 4—11 should be undesmsiood that the vo!u:.-.: { hardenzgd
concrete may be, Or may appear to be, less _hz zxpecizd dus 1o wasis
and spillage, over-zxcavatioa, spreading forms, som
air, or setilement of wel mixturss, none of which arz
the manuiasiurer.
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shotcreis, ’.he »oh.ne sA.c.l
celivered znd the unit weig
volume shzll be calculated 2
materials mixad and their r=s,,-v. ve specific gravities, A1 ke
option of the purchaser, wherz the suriace 10 be shotcrzied is
plane and 2 uniform finishad thickness of shotersiz is
specified, the basis of purchase shail be the sguare vard or
sguare metrs

6. Ordering Information

6.1 The purchaser shall speciiy the

6.1.1 Type of cemant a1 the
the cement shall be Type |
Specification C 150;

6.1.2 Types of fine and cearse aggrezzie at the pl_rc'-as"'s
opuon otherwise the aggregates shall be nmermal weigh
meeting the requirements of Specification C 33;

6.1.3 Slump or time of flow required at the point of
delivery, or when approoriate the point of placement, subiec
10 the tolerances hereinafier specified;

6.1.5.1 Slump shall be spzcified when it is a'n.cxpc' 4 10
be 2 in. (50 1"1"’1) or more, and ume of flow shall be specified
when slump is anticipaied 10 be less than 2 in. (30 =m).
Slump or ume of flow shall not be specified for shotcrete
placed by the dry process.

) NOTE 5—The time of flow of Ier-reinforced concrete through 21
inverted stump cone, determined in accordance with Mzthod C 958, is2
berter indicator than slump (Method C 143) of the appropriais lavel of
workability for fiber-reinforced concreis placed by vibration because
such concrete can exhibit very iow slump due to the preseace of fibers
2nd sull be casily consolidated. Mixiures with 2 ime of flow of 810 15 s
2re readily consolidated by ‘vibrziion. Consolidation becomes more
difficult with increase in Ume of flow, and is extremely difficult eve
whea LSK!‘.g internal vibration if the time of flow exceeds 30 5. Mix
with 2 time of flow less than § s should be evaluated in terms of slem
because the time of Nlow is 100 shor 10 determine with sai
precision, or may not be determinzble becauss the fiber
concrete flows {reely through the inveried cone.

following:
purchaser’s option, otherwise

. $ - N
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6.1.4 Air content when air-entrainment is required, be:
on the 2ir conizat of samples tz2ken 2t the point O(dIS\,hc.
or when approprizie the point of placement, subject 1o
iocierances n°'°'r.a_' er speciiied;

5.1.4.1 Alr-entrainment shall not be specified for sh
crete placed by the dry process.

Notes 6—In selzciing the specified 2ir conteat, the purchaser sh
consider the :xpos..- re conditons 10 which the concrels will be sub;-.
Alr conteals less than shows in Tabdle 1 may not produce adeg
=sistange 10 {reering znd thawinz. Adr contenis higher thaa the is
s;.cun ) reduce swreagth without costributing further 1o freezz-u

6.1.5 Wh:n siructural lighiweight congcreie is spec
the purcm er shall specify ihe uzit weight as wet uc:;:
zir-drv , OT oven-dry weight

Cweight o."; o -g:uu:iah’ concraiz,

St determizabie 21 3¢ time of elivery, is 2iv
1he 2ir-dry or oven-gry . D=finitions of, and ¢
iermining or J.!Nuamg ._lr-..ry 2nd oven-dry weights of i

weighl concrete are covered in Method C 567.

6.1.6 One of the following Alternatives, 1, 2, or 3, shz!
vsed as the basis for determining the proporiions of
fiver-reinforced concrete or fiber-reinforced shoterete of
guality required.

6.2 Aliernctive Number 1:

6.2.1 When the purchaser 2ssumes responsibility for =
wure proporuoning, the following parameters, shall aisc
specified by the purchasern:

6.2.1.1 The cement content in pounds per cubic yard
Klograms per cubic metre),

6.2.1.2 If mineral admixtures are required, the type,
amounts to be used in pounds per cubic vard (or kilogn
per cubic metre), or in percentages by weight of cement.

6.2.1.3 The maxirmum allowable amount of mixing w
in gallons per cubic yard or litres per cubic metre, incluc
sun'ac.. moisture on the aggregates, but excluding w

zbsorbed by the aggregate,

6.2.1.4 If air-entraining admixtures are required, the ©
zame, and dosage range 10 be used 10 achieve the spec!
zir content, (see 6.1.4),

6.2.1.5 If chemical admixtures are required, the :
zzme, and dosage range 10 be used, and:

6....1.6 The type of fibers 10 be used and the amour
pounds per cubic yard (or kilograms per cubic metre),
Clessification Section).

NoTE 8—The dosage of air-entraining, water-reducing (incl:
Righ-range), acesierating, 2nd rearding 2dmixnires necded to sauist
material performaance requirements venes, Therefore, dosage =
stould be specificd 10 ersure that the matesial performancs =<
ents czn be met

TASLE 1 Recommended Total Air Coatent for Air-Entrained Concrete4?
Towl Air Content, X
Nomine Maximem Sizes of Aggregate, . (mm)
Expesure Coadition©
2 {8.5) ‘a (12.5) v (13.3) 1{25.0) 1% (37.5) 2 {50.0) 3(75.0
Miig 4.5 2.0 3.0 2.5 2.0 1.5
Mocerats 6.0 R 4.5 45 4.0 a5
Severe 7.5 7.0 €.0 55 5.0 4.5

4 For arenirained congrete, when soesled.

¥ Uruess exICsure SONGIIONS 22318 CINerwiSe, aif SOALeNtS reLommencas aDove may be fecutec Ty uD 10 1 % lor concretes with speched compressve suent

of ‘{JOG 281248 MPaY or 2oe
€ For cesenzucn 3! exp..s..'e

conzusns, celer 10 ACH 2111, Vaxe £ 3.3 wilh anerson 12 ascomzanyng fdoinctes.



NoTe 9—The purcheser, in seiecting requirsments for which he
assumes responsibility shouid give consideraiion to reguirements for
warkabitity, placzability, durability, surface texture, and density. The
purchaser is refemed 10 ACI Prac 211.2 for seizcung
_'opo..xons that will result in conc

etz suitzdls for vanous wpes of

smuciures 2nd conditions of sxposurs, 2nd 10 ACI Repant 344.3R for
seizcting concrete 2nd fiber parameters s"'..=.: for fiber-reinfcree

concrete. For guidance on selecting proporions for fider- r:‘.rl'or ed

shoterete, the purchaser is .’:::'T-d 10 ACI Reporis $06.1R and 306.R
z5d ACI Specificaton 508,

ror 0 the a:::al é

5.2.2 At the request of th
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3 :al to the purchz gi' g 1hz sourcss, spiEciil
gozvities, sieve analyses. 2 ‘c saturaied suriace-cry weights of
:’.na nd coarse ageregaies, and the emount of mixing waiar
nar 1 ¥

ubic vard or cubic metre thei will be used in ik
wufzcture of each clzss of concrziz ordered oy
CE‘ ser. " '
.3 Alternctive Number 2
3 When the px_rchas:r r:c_uires

48 My
[44

2
™
jo ]

i

)
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1 e manufacturer (o
e full responsibility fo p‘opomom g (see
ote 9) the purchase r shall 2ls0 spacify the following:
6.3.1.1 chuxre'ﬂ-uts for flexural toughness, or firsi-crack
eih, or both, determined in accordance with Method
18, or, at the opticn of the purchaser, for flexural
neth determined in accordance with Method C 78, using
=miples obtam\,o at the point of discharge, or when 2ppro-
: the point of placement. At the option of the
“‘JTCh%Ex, compr essive strengih (Method C39) shzll be
specified when ihe flexural “.quxrcme'ns are considered
inadeguate for ensuring the quality of the mairix of the
fiber-reinforced concreie. Unless accelerated curing and
testing in accordance with the warm water or boiling water
procedures of Method C 684 is spzcified, tests shzll be
performed afier standard moist curing in accordance with
Practices C 31 or C 192 21 28 cavs, or such other ages as are
p—‘cmed by the purcheaser,
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10—The level c{ oughness achisved in zay mixiure is

fzncion of the tvps, lengih, 2nd 2mount of {ibers employved,

s r2zammended t hat, when specifyving requirements for flexurel

toughness, the requirements be siated in terms of one of the four levels

05’,.-..'0'...2-.:: identified in the Performanse Reguirements sscien of
wnis Spectiicatien. :

NoTz 11—While first-crack swength is affecied by the tpe and
zmount of fibers, it is mere depeadsat oa the c..z:a:::'is:ics of the
MOnmEr or concrele maiix. so it is recommended ihat the purchaser,

when specifying firsi-crack sirsngth, consider factors known to influsnce
the streagth of normal concrets such as, waler-cement rauo, 2ggregate
maximum size, 2nd the preseace of chemical or mineral admixiures.

6.3.2 At the reguest cf the purcheser, the manufaciurer
shall, prior to the acival delivery of coacrete, furnish a
sizizment 10 the purchaser giving the sources, specific
gravities, sieve analyvsas, 2nd saturatad surface-drv weights of
fine and coarss aggrzgates, the d—v weights of cement and
mineral admixiures, the type, dimensiens, and weight of
fibers. the quazntities. types and names of chemical and
air-eniraining admixiures (if any). and the amount of mixing
water per cubic vard or cubic metre that will be usad in the
manufaciure of each class of co-xcre'.e ordered by the
purchaser. Th .'"..::‘u'e werer shail also furnish evidence
saiisiazion 10 ihe purchaser that the ma!:rxais 10 be used and

: 2lecied will produce fiber-reinforced con-

LoV g ame oA

[T TR 1S

Alternztive Number 3:

1 Whan the p"rc'r._vr requires the manufacturer to
sume rtesponsibility for mixture proporioning with the
! 3 ‘lowas:“ ‘cement content specifizd (s2e Noie 9.
er shall 2iso specify the following:

1.1 Reguirements for flexural toughness, or first-crack
Wh, or oom G:::rmme m accord..nce with Method

1ed 2t poml of msﬁhan., or when aapro—
ointof plac ement. Alib2 bpuon of ihe purchaser,
e strengtn (Meathod C 39) shell be specwic whan

the fiaxurzl requiremen:is are considersd inadesguztz for
: ity of the matrix of the fiber-reinforced
uring znd tesiing in accordar nce
boihng wzter proczduras of Metho

Cc-\- i5 spxmex., 1esis shzll be p:uo:med afier siandard

)

the waTn wWaisr
.

(J 0.

rmoist cuning in accordance with Practices C 31 or C 182 at
28 days, or such oiler ages as are specified by the purchaser

(see Notes 10 and 11).
6.4.1.2 Minimum cement content in pou'xds per cubic
yard (o ( r kilograms per cubic metre).

4.1.3 If admixtures are required, the type, name, and
dosa'-:e 10 be used. The cement content shall not be raduced
zdmixtures are used.

NoT= 12—Ahemzdve Number 3 can be disdnctuve znd useful only i
the dasiznated minimium cement content is at about the same level tha
wouid erdinzqily be required for 1he mechanical propent l‘S. age.czzv
size, 22d workebility specified. It must be 2n amount that will b
suiTicient to exsure durability under expecied service ccnc‘idons. 2s wall
2s sziisfactory surface texture and density. For additional information
refer 10 ACI Practices 211.1 and 211.2.

6.4.2 At the request of the purchaser, the manufacturer
shall, prior 1o the actual delivery of the concrete, furnish 2
statemant t6. the purchaser giving the sources, - SpCCHh.
gravitzs, sieve znalyses and saturated surface-dry weighis ol
fine 2od coarse 2ggregates, the dry weights of cement 2nd
minsrel edmixiures, the 1ype, dimensions, and weight of
noe-s the quaniities, .ivpes and names of chemical and

r-"’—am.:\g admixtures (if 2ny), and the amount of mixing

wzier per cubic vard or cubic metre that will be used in tha
menufzacture of each class of concrete ordered by the
purchaser. The manufacturer sheall also furnish evidence
satisfactory to the purchaser that the matenials 10 be used and
the propertions selected will produce fiber-reinforced con-
crete or shoicrete of the quality specified.

.5 The proportions amrived at by Altemnatives 1, 2, or 2
for e2ch class of fiber-reinforced concrete or shetcrett
approved for use {n a project shall be 2ssigned a designaticr
1o {zcllitzte identification of each mixture delivered 1o th:
project. A cerified copy of the propomons of all mixtures 2
esizblished in Alternatives 1, 2, and 3 shall be kept on file by
the manuizcturer,

on

7. Matertals and Manufacture
7.1 In the absence of designated applicable specification
coverning requirzments for quality of materials. the followin
aticns sh 11 govern:
7.1.1 Cemeni—Cement shall conform 10 Specificatio
C 15 or C 2935,
.12 dggregotes—Aggregates shall

conform 1o Specifics



tions C 33, C 330, or C437 consisiant with the tvpe of
concrate requirad.

.15 Wazer'

7.1.3.1 The mixing water shall t2 clear 2nd apparandy
clean. If it contains quantitiz sofs ubstances that discolor it ot
make it smell or tastz unusual or objectionabls or cause
suspicion, it shall not be L.sed unlass service rzcorcds of
concretz made with it or other information indicates that it is
not injurious 1o the quality of the concrete, Water of
queastionadle quality shall be subjact to the acceplance
critaria of Table 2.

7.1.3.2 Wash water from

mixar washout cperations may
be usad as mixing waier provided tesis of wash watzr comply
wiin the pnm:cal tests of Tabie 2. Wash wataer shall be tasied
21 @ weakly interval for approximatzly & weeks, and there-
afizr at 2 moathly in i providzd that no single test
exceads the appmacle Ii Optiornzl chemical requiraments

in accordance with Tabie 3 may De spacifiad bv the pur-
chaser whan appropriate {or th2 consiruction. The st
frequ-:ncv for chemical limizs shall
otherwise specified by th~ purchaser.

Norz 13—Whea recveled wash water is used, attention should be
given to effects on the dosags ratz
eairaining and other chemicai admixiures, 2ad 2 uniform amount
should be used in consscutive taiches.

7.1.4 Zdmixtures—Admixtures for conventionally mixed
fiber-reinivrced concrete shall conform 1o Specifications
C 260, C 618, C 494, or C 1017 whichever is zpplicable.

7.1.5 Fibers—Fivers shall be capable of producing fiver-
rainforcad cencrete meeting the requirsmaats of this specifi-

ation. Steel fibers shall conform to Specification A 820.

8. Measuring Materials

8.1 Except as otherwisz speciiically permittad by 1t
purchaser, cement, pozzolans, fine and coarse aggre
mixing water, and ad"nx"'r=s shall be measured in accord-

ance with the applicable rzguiremeats of Specification C 94
or C 685.
8.2 Fibers shall be meaurcd by \xe:gnt. When approved

by the purchaser, fibers may te measurad in bags, boxss, ot
‘Like coniainers. Such bags, boxzs, or containers shall be

2led by the fiber manufacturer 2ad shall have the weight
com..med therein clearly rmarkad. \o iraction of aa unseale
bag, box or like container deliversd unsealed, or left over
from previous work, shall be used unless weighed.

8.3 Prepackaged, drv, combined matarals, including fi-
bers, shall comply with the packaging and marking require-
ments of Specification C 387 and shall be aceepted for use
provided that after addition of water, the resulting f{iber-
reinforced concrete or shotcrziz mests the performance
equirements of this specification.

TABLE 2 Acceptance Criteria for Cuestionabie Water Suppliers

Umruts Test Matnod
Ceomgressive swrength, min % SonTst S0 c1e94
at7 cays
Tume-of set cevialon from contfd, from 1.£0 sany to c 1914
un 1.30 fater

* Camoansens snal o2
tast aalet comzared 12 o

sases on fx2C 2rICCruOAs and ine same velume of
2Ol Tex USLG TNy waler or Zistllec water.

a2nd batching segusznce of air- .

~
1115
TASLE 3 Chemical Limitaticns for Wash Water Used as Mixing
YWater
! Lruts Test Metmoz-
Cremcal raquiraments, maximum concantaLon )
nomixing wates, of !
Crizrnce as CU ppmu D312
Frasressed concrele o in badge cacks 530°
Cmer reinforsad concrete in most 1000°
snvironments ¢ contairing aluminem
emzecments o¢ Cissimilar metals of with v
siay-in-siase galvaruzad met) lomms
2s SO, pom 35CQ D313
»e5 25 (N2,0 = 0.233 X,0), s 530
3 saics. com $3 ¢ AASHTO TIi
4 Ctner test melnoss M2l nave Se2n car‘.cns Dyl comparase c2s.

m2y o2 used.

Wrasn waler reused 25 mixing waler in congrsiz may excees n2 ks
sreantraions of cnicrge and sulfate if it can e snown that the concentrz:
22182 10 (Ne total muxing walef, inciuding mixing waler on the aggregates =
r sources goc et axceed Lhe suated Imits.

For corcitons alicwing use of Calh, accelerzior zs an admixiure,
crigaze imataticn may D2 waived Dy U Duranaser.

9. Batching Plant

] lant used for the preparation of ta::
mixed fiber-reinforced concrete shall comply with the ap
czbie requirements of Specification C ¢4

NoTz 14—A vibrzung screen or other device for separating fix-

may D¢ r:\.__'..':i 10 avoid clumping of some types of finers pries
::-':;':-g with cocersia.

10. Mixing Equipment

10.1 Mixers or agitators for batch-mixed fiber-reinforc:
ccocrete shall comply with the applicable requirements
Sgecification C G4, .

10.2 Mixers for continuously mixed fiber-reinforced cc

crate shall comply with the applicable provisions of Spec:
czuon C 685.

11. Mixing and Delivery

L Eaacr ed fib er-rclnforced concrete, whetper o
rarad on sii2 or at 2 locaton ramote from the site, s,.-w-’
mixad znd delivered to the point des.gn..seo by the purch
iz accordznce with the apphcable requiremeants of Spcc‘..-:
itoa C 94,

11.2 Cortdnuously mixed fiver-reinforced concrs
whather prepared on site or 2t 2 location remote from
sizz, shall be mixed and deliversd to the point designated
152 purchaser in accordance with the applicable requi
mzats of Specification C 635.

11.3 Ficer-reinforced concrets shall be free
whza delivered,

of fiber b:

12. Batch Ticket Information

.} The maaufacturer of the fiber-reinforced concer
il furnish to the purchaser a deliverv ucket or statemen:
iculars on which is printed, stamped, or written, iaf
cn in one of the following two alternative formats:
.1 Batch- Mixing Formai—The details identified
licable rzquiremeats of Specification C 94, and
ihe type. trand, 2nd amount of fibers used.

12.1.2 Co ntiruous \fzxmg Formet—The details idenuf
- 2

ﬁ—-

icatiz requirements of Specification C 683, =
ivye, brand, and amount of fibers usad.
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13. Inspection of Materials, Production, 2nd Delivery

153.1 The manu fa wrer shall
rzzsonable ‘access, without charge, for making n
checks of the production facilities and for s=cu—mg necessary
samples 10 d-:m'mme if the materials vsed in the fiber-
reinforced concrete or shoterete comply with the require-
ments of this specificztion, Inspection, sampling, 2nd testing

zfford the 1'15;)

saall not interfers unnacessaniiy with the manufaciuring and -

dzlivery operations

14, Sampling
4.1 The €oniracio
zbie accsss, without ¢r
of fresaly mixed fiber-re!
ime ox'pia::m’n' 10 di‘.:....l..
ments of this spacificazion.
14.2 Samples of bzaich-mi
sndl be ookamcd in z ordanc= with Metho
Lzt wet-sieving shall not be
mity tests shal] be in zccordance
14.3 Samples of cor.:nno sty m

fiber-reinforced concrete

d C 172, except
am “ng for u-ufor-

-T2 mon.ed con-
the apphcaol’
X :pt that wet-sieving

da
requirements of Specification C 685
or uniformity tests shall be

shzll not be permitied. Sempling

D

in accordanc: wiith Spacification C 685.

15. Workability and Air Content Tests

15.1 Make tests for workability and 2ir content 2t the time
of plecement at the option of the inspecior s ofien s
necesszry fer cont '01 checks znd accepiance purposes, aad
zlwzys when spec for tzsts on hardened concrete are
made. When \xatsr is 2d¢dzad in accordznce with the require-
ments of this specificaiicn (sez Tolerances in Workability
Section), repeat ail tasts, 2nd usz the resulis of the second set
of tesis to establish whether or not the reguirernents of this
sue..k.xc don met.

3.3 If the measured slump, tme of flow, or air content
:’_ll outside the limits permited by this specificztion, make 2
check test immediately on another portion of the same
sampte. Ii the resulis 2zz2in fzll outside the permitied limits
the mztens] represenied by the sampie fails 10 mest the
requirements of this specification.

men

are

16. Tolerances in Workability .

16.1 Unless other tolerances are inciuded in the.project
specifications, the foliowing shall zpply to 2l forms of
fiber-reinforced concreie except dry-mix shotereate.

16.1.1 When the project specificadons for slump are
writien 2s 2 “maximum™ or “'not o exceed” requirement:
Specified Slu&.p
13 i (75 mm) or less I more than 3 in. {75 mm)
Plus Teleranze 0 . 0
Minus Toierance W2 in. (20 mm) 34 in. (€5 mm)

When the project specifications for time of flow are wrinten
2s 2 “miaimum” or “‘not less than™ requirement
Specified Time of Fiew
{185 orless If more than 18 s
Plus Toierancs
NMinvs Teierance

10 ¢
Os

These tolerances appiv only if onz adlition of water is

‘acceplznce, make

nermited on the job provided such addition does not
increase watzr-c2ment ratio zbove the meXimum per-
mitied by the project specifications.

T
| 9352

{ 2 fiber-reinforced concreie is 1288 than the
slurap of 22 otharaise ideatical concrete without fibess. The magniiude
of the diffzrance depends srosgly on the amount and e of fibers. so it
is recommeanded that wizl mixtures representing the amouat and type of
fibers 10 b2 used in the work be prepared 2nd 1est=d 10 ensure that the
specified slump requir This recommendation is also
z2ppropriziz when work2sility is specified in tzrms of drze of fiow,

Note 1S—Thestemp o

-
L.

16.1.2 Wi n"\ the p J ¢t specificztions for slump are not
writien 2s 2 “maximum" or “not 1o exceed” requirement:
Teisrzaces for Nomina! Siezps

Far Specified Slump of

2z (50 mm) and less =¥:in. (
2ic iz (S0t N ==y . =lia (2
merr san 4 in. (100 =) .. =14

me of flow are not
not lzss than™ reguirement

When e projec
writien 2s 2 “minimum” or

specifications for s
Toieraness for Time of Fiow
For Specified Time of Flew of
8115 . =3s
morz than 1S s
'be' reinforced concrete shell be zvailable within
ible rangs of slurap or dme of flow for 2 peried of
30 min s‘._r’_ng gither on amrivel at the jOb site or after the
perminted stump adjustment, whichever is later. Tae first and
last % yd® or Y« m?® discharged are exempt from this
requirement. If the user is unprepared for cischarge of the
material 2t the job site, the manufacturer shall not be
respousidble for fzilure 10 meet slump or ume of flow .
equirements afier 30 min have elapsed beyond either the
actual rival tme at the job site or the requested delivery
time, whichever is later.

—n—-\ a
gaen

17. Tolerance in Air Content

17.] Whena zir-entrainment is specified, the total zir
content mezsured using Method C 173 or Method C 231
shall be within a iolerence of =1.5 of the specified value in
percent.

18. Acceptance Testing of Hardened Fiber-Reinforced Con-
crete or Shotcrete

18.1 Obzazin materiel for the preparztion of test specimens
in accordzace with the sampling section of this specification.

18.2 When flexural toughness parameters, or first-crack
strength, or both, are used as the basis for acceptance of
fiber-reinforced concrete or shoterete, make, condition, and
test seis of test specimens In accordance with Method
C 1018.

18.3 When flexura! strength is used as the basis for
sets of at least three test specimens in
accordance with the requirements for sampling and condi-
toning given in Meithod C 1018, and test in accordance with
the applica®ble requirements of Methods C 42 or C78. Test
specirzens represanting thin sections, as defined in Method
C 1018, cr specimens representing fiber-reinforced shotcrete
of any thickness, shall be tested as cast or placed without
being wrned on iheir sides before placement on the suppont
Svsieas shall not be based on flexural strength

Yomea
2nce

. Acce
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alone when toughness is imporiant.

Notz 16—Mzthod C 1018 provides for the determination of fizxural
sirzngih when reguired Sy the purchaser. For
combinations, the fiexural strength is not sig
nrst-crack streagth.

H inat
m:'.v l'-':t-’ oount

18.4 \When comprassive strength is used as part of th
basts for acczptance of fiber-reinforced concrzte, make sets of
at least two test specimens in accordance with the applicable
rhq_-zre'n-ﬂts of Mathods C 31 and C 192 and condition and
lest in accordance with Methods C 39 or C 42, Accepiance
snall not be basad on comprassive sirzngzih 2lona.

18.5 The Lesu..a iaboratory periorming accepiance 125
shail comply with the requirsments ol Praciice C 1077

19. Frequency of Tests

19.1 The frequancy of 1esis on hardened {iber-reinforced
concratz or showrzie shall be in accordzncs with the
followin g reguiremenis: ’

19.1.1 Baci-Mixin rz—Tess shall be made with a {re-
c_u-:rcv of‘ not less than one test for each 130 vd® (115 m®).
Each tast shzall be made from a separate baich. On each day
fiber- =m!orc=d concrate is mixed, at least one test shall be
mada for each class of material.

19. l 1 Cor:!muous Mixing—Tzests shall be mads for each

23 vd® (19 m?) or fraction thereof, or whenever significant

cha anges nave been made in the proonioning controls. On
each day fiber-reinforced concrete is mixad, at least one ies
shall be made for each class of mazenal.

19.1.3 Shoterete—Tests shall be made for each 30 yd® (38
m?) placed using specimens sawed or cored irom the
structure or from corresponding test panels. On each day
fiver-reinforced shotcretz is preparsd, at least one test shall
be made for each class of matenal.

19.2 The representative of the purchasar shall ascertzin

record the daliverv-ticket number or equivalent informa-
tion and the exact location in the work at which the matzrial
represented by each test is dzpositad.

20. Calculation of Test Results

20.1 A test result shall be based on the mean of the
propenty values fora set of hardened concrate test specimens
constituting a test unit as defined herein or in the apphcable

25t method.

20.2 Any individual test specimen in a set constituting 2
test untit, as defined herein or in the applicable test meihod,
shall be deemed defzctive and discarded if it shows definite
evidance of improper sampling, molding, handling, curing,
or tesiing, and the mean of the properiy values for tha
remaining test specimens shall be considered the test rasult.
If more than onz specimen in the set is deemed defective on
this basis, the test rasult shall be rejecied.

21. Performance Requirements

21.1 Unless spe\.n.callv excluded by the purchaser when
ordering material in accordzncs with Alternatives Number 2
or 3. fider-reinforced concrete or shotcrete prepared in
accordance with this specification shall mest the following
requirements: -

21.2 Feordexural toughness parameters defined in
ance with Merthod C 1018, the test resulis shall 2
axcz23 the specifiad \:v.lucs at the 2ppiicabie test ags

PPy #1219}

>
NOT:z 17—For the purchaser u':""'\i!ia.—'wi:h the ievels of peris
ance assaciatzd with various types 2nd amounts of ficers, the iollow
is 2 guide on how and at what level periormance shouid be specified
varigus types of fiven

Perior- Toughness Index, /g Touganzss Indze. /
mance Specifiad Test Spetiiied Tzst
svel Valee Rasult Value

1 2.7 3.0 S5

H 3.8 42 7.2

mnt L5 bR} 50

v 5.4 5.0 i0.3

Duz to varialion in matarals, mixing operaiions

2nd tesing prac:dur:s. tha averazs valuss of the oug

ClCﬂ {‘S‘\ resuit I‘A‘:S’ "C BT

'mor.s..., ze:

is aa_s.d cn
~—-—~'-d:d p—:-—.,-. 214

(2T 4

wezn ihe speciiie

w2 ratonale caserit

10 52 of st resuln {28l below spect
caefficients of veniation of 12 % and 12 % for
£ in the Precision azd Bias secton of .\5:"*

Tormance Level & is achievasie c:ly
sizel finers having deformed surfacss orend 2n ': rag
resistancs to pullout frem the cementiticus matix, Su
av be difficult ta disperse unifomnly in concraie using conv
ing procedurss uniess a high-rzage water-rzducing admixius
.pioy:d. Psrformance Leveis 2 22d 5 can &e achieved by a vasie:
fibess in moderate :cn:::uz'.:ors rzadily 2menabie to convent
rmixing. Thess performance levels may also be achieved using glass &
ars mors 2menzble to shoicreting than conventional mi
because of damage o the fioers by qost conveztional mixing procs
Peformance Levels 3 and 4 zrs not normzly attzinabie using
mzximum amounts of polypropylene fibers which can be unifer
dispersed in concreis using conveantional mixing procedures.

which

NeTE 18—A toughness raguiremmeat should not be specified +
ners 2r¢ used ozly to coatiol plasic shrinkage cracking.

-
tey)

21.3 When first-crack strengin, flexural sirength, or ¢
orassive streagth are performance requirements, the
resulis shall cqz.al or excesd the specified values a:
a;p’lic=bl‘- test age,

21.4 When the ficer-reinforced concreie is 10 be exp
10 cycles of freezing and thawing, 2ad the purchaser req-_
evidence of satisfaciory durzbility, such evidence snall
orovided by the maanufzcturer, A proven record of satis
tory frezza-thaw durability for concrete with or wiir
1bers, made using the same air content, aggregates,
mixiure proportions as the fiber-reinforced concrete st
fizd for the .ork, shall be considersed acceptable evid:
whzn the concratz has been in place for at least two win
[n the absence of such a record, sausfactory durability s
te demonstrated for the fiber-reinforced concrete prope
{for the work by the attainment of 2n averagz durability =
{2t least 80 % for 2 set of three specimens testad accon
to Procedurs A of Method C 686.

22, Failure to Meet Requirements

22.1 When fiber-reinforcad concrate or shoterete fail

the r°qui::m¢ms of this specification, the manufact
e purchaser shail confer 1o determine whether a¢
2n be reached as 1o what adjustment. it any sha!
e, If agreement on a mutually satisfactory adjustn
not be reached by the manafaciurer and the purchas.

on saall be made by 2 panel of three qualified ¢
n22rs, ong of whom shall be designatad by the pur:nasw.
oy the manuiaciursr,

2
e
can

a4
u;‘:

and thz third chos2n

u'_\ thess
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~embers of the panel. The question of respoasibility for the decision shall be binding, except as modified by a coun
cost of such arbitration shall be determined by the panel. It's  dacision.

The American Society lor Testing ang Matsrigls 1akes no pssiticn respecting the velidity of eay catent rights esserisd in connection
with any item mentioned in this staacard. Ussrs of this standerd erg exoressly acvised thal deerminetion of the velidity of any sueh
patent rights, and the risk ol inlringement ¢! such righis, are entirely their owa rasponsibility.

This standard is Sudjedt to revision a! mny lime by the respeasibla techaical commities and must be reviewed every five years and
il nst revised, eithet reapproved of whhcrawa. Your comments ere invited sZher ics ravision of this s:ancard or for addiional siancarcs
aad should be addressed to ASTM Headguanars. Your comments will receive careful consideration at 8 mesting of the responsitie
lechnizal commitiee, whick you may atend, I you feel tha! ysur comments nave nol received & lair hearing you saould make your
views knowa 1o the ASTM Commizes on Siandarcs, 1816 Race St., Prilacelshia, PA 161€3.

NV, BEKAERT S.A.

) ¢ o~y -

Corpercie il 'Ln.-r'.', E l;.".?;)‘
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qgn‘) Designation: C 1018 — 89¢"

- Standard Test Method for

' Flexural Toughness and First-Crack Strength of

" Fiber-Reinforced Concrete (Using Beam With

Third-Point Loading) ..

. This standard is issued under the (ixed designation C 1018; the number immediately following the designation indicates the yzar of
onginai adoption or, in the case of revision, the year of 1ast revision. A number in parcntheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision o rapproval,

! NoTe—Fig. | was corrected editorially in May 1990,

1. Scope

1.1 This test method evaluates the flexural toughness of
fiber-reinforced concrete in terms of areas under the load -
deflection curve obtained by testing a _stmply supponcd
beam under third-point loading.

Note 1| —Toughness determined in terms of arcas under the load -
deflection curve is an indication of the energy absomption ¢apability of
the particular test specimen, and, consequently, its magnitude depends
directly on the geometrical characteristics of the test specimen and the
loading system.

1.2 This test method provides for the determination of a
number of ratios that serve as toughness indices which
identify the pattern of material behavior up to the selected
deflection criteria. These indices are determined by dividing
the area under the load -deflection curve up to a specified
deflection criterion, by the area up to the deflection at which
first crack is deemed to have occurred.

NoTE 2—Iindex values may be increased by preferential alignment of
fibers parallel 10 the longitudinal axis of the beam caused by fiber

contact with the mold surfaces or by external vibration. However, index.

values appear to be independent of geometrical specimen and testing
variables, such as span length, Wthh do not directly affect fiber
alignment.

1.3 This test method provides for the determination of the
first~crack flexural strength using the load corresponding to
the point on the load-deflection curve defined in 3.1.1 as first
crack, and the formula for modulus of rupture given in Tcst
Method C78.

1.4 Values of flexural toughness and firstcrack flexural
strength stated in inch-pound units are to be regarded as the
standard. Values of toughnesS indices are the same in all

. systems of units because the indices are ratios (see 1.2).

1.5 This standard may involve hazardous materials, oper-
ations, and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safery and health practices and deter-
mine the applicability of regulatory limitations prior to use.

! This 1est method B under the jurisdiction of ASTM Committee C-9 on
Concrete 2ad Concrete Aggregates and is the direct responsibility of Subcommittes
C09.03.04 oa Fiber-Reinforced Concrete.

Current edition approved April 14, 1989, Published July 1989. Originally
published 23 C 1018 - 84. Last previous edivion C 1018 - 85,

2. Referenced Documents

2.1 ASTM Standards:

C 31 Practice for Making and Curing Concrete Test
Specimens in the Field?

C 42 Method of Obtaining and Testing Drlled Cores and
Sawed Beams of Concrete?

C78 Test Method for Flexural Strength of Concrc‘c
(Using Simple Beam with Third-Point Loading)’

C 172 Method of Sampling Freshly Mixed Concrete?

C 192 Practice for Making and Curing Concrete Test
Specimens in the Laboratory?

C 670 Practice for Preparing Precision and Bias State-
ments for Test Methods for Construction Materials®

C 823 Practice for Examination and Sampling of Hard-
ened Concrete in Constructions®

E 4 Practices for Load Verification of Testing Machines®

3. Terminology

3.1 Descriptions of Terms Specific to This Standard:

3.1.1 first crack—the point on the load - deflection cunvz
at which the form of the curve first becomes nonlinear
(approximates the onset of cracking in the concrete matrix).

3.1.2 first-crack deflection—the deflection value on the
load - deflection curve at first crack

3.1.3 first-crack strength—ithe stress obtained when the
Joad corresponding to first crack is inserted in the formuia
for modulus of rupture given in Test Method C 78.

3.1.4 firstcrack toughness—the energy equivalent to the
arca under the load -deflection curve up 1o the firstcrack
deflection.

3.1.5 toughness—the energy equivalent to the area under
the load-deflection curve up to a specified deflection. ]

3.1.6 toughness indices—the numbers obtained by di
viding the area up to a specified deflection by the area up 10
first crack

NoTe—Values of 5.0, 10.0, and 20.0 for Iy, I,o, 2nd [y, respectively-
zs defined below, cormespond 10 linear elastic matenial behavior up 19
first crack and perfectly plastic behavior thereafier (ses Appendix X1)-

3.1.6.1 toughness index I—the number obtained by d-
viding the area up to a deflection of 3.0 times the first-crack
deflection by the arca up to first crack

3.1.62 toughness index I,;—the number-obtained bY

2 Anrual Book of ASTM Standards, Vol 04.02,
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dividing the area up to 2 deflection of 5.5 tmes the
i rack deflection by the area up to first crack.

3.1.6.3 toughness index Iyy—the number obtained by
dividing the area up to a deflection of 10.5 times the
first-crack deflection by the area up to first crack.

3.1.6.4 residual strength factor R, ,,—the number ob-
uined by calculating the value of 20 ([, — /).

3.1.6.5 residual strength factor R, .o—the number ob-
tzined by calculating the value of 10 (f.g — I,o).

4. Summary of Test Method

4.1 Molded or sawn beams of fiber-reinforced concrete
are tested in flexure using the third-point loading arrange-
ment specified in Test Method C78. Load and beam
deflection are monitored either continuously by means of an
X-Y plotter, or incrementally by means of dial gages read at
sufficiently frequent intervals 10 ensure accurate reproduc-
don of the load-deflection curve. A point termed first crack
which corresponds approximately to the onset of cracking in
the concrete matrix is identified on the load deflection curve.
The first-crack load and deflection are used to determine the
fr  wrack flexural strength and to establish end-poiat deflec-
tious for toughness calculations. Computations of toughness
and toughness indices are based on areas under the load-
deflection curve up to the first~crack deflection and up to the
specified end-point deflection.

5. Significance and Use

5.1 The firstcrack strength characterizes the behavior of

the fiber-reinforced concrete up to the onset of cracking in
the matrix, whi'» the toughness indices characterize the
toughness thereatter up to specified end-point deflections.
Residual strength factors, which are derived directly from
toughness indices, characterize the level of strength retained
after first crack simply by expressing the average post<crack
load over a specific deflection interval as a percentage of the
load at first crack. The importance of each depends on the
nature of the proposed application and the level of service-
ability required in‘terms of cracking and deflection. Tough-
oess and firstcrack strength are influenced in different ways
by the amount and type of fiber in the concrete matrix. In
some cases, fibers may greatly increase the toughness, tough-
t indices, and residual strength factors determined by this
est method while producing a firstcrack strength only
slightly greater than the flexural strength of the plain con-
crete matrix. In other cases, fibers may significantly increase
the first-crack strength with only relatively small increases in
loughness, toughness indices, and residual strength factors.
. 3.2 The toughness indices determined by this test method
reflect the behavior of fiber-reinforced concrete under static
flexural loading. The absolute values ‘of toughness deter-
mined to computc the toughness indices are of little practical
sgnificance since they are directly dcpcndcnt upoa geomet-
rical variables associated with the spccxmcn and thc loadm;g
irrangcmcnt.

= 'Note 3~In 2pplications where the encrgy absorption ‘capability o[x
Zructural conerete element is importaat, it may be possible to obtzin

applicaton, the level of serviceability required in term
cracking and deflection shall be considered, and an ir
appropriate to the service coanditions shall be selectec. .
accordance with the rationale described in 9.6 and
Appendix X1. )

5.4 Values of toughness indices, residual strength fac
and firstcrack strength may be used for comparing
performance of various fiber-reinforced concretes during
mixture proportioning process or in research and deve
ment work. They may also be used to monitor cong
quality, to verify compliance with construction speci

_dons, or to evaluate the quality of concrete already in ser

wme indication of its performance by testing 2 specimen equivalent to -

the element in terms of size, span, and mode of loading.

3.3 In determining which toughncss index is most appro-
Priate as a measure of material performance for a specific

5.5 Values of toughness indices, residual strength fac
and first-crack strength obtained using the 14 by 4 by
(350 by 100 by 100 mm) preferred standard size of mo
specimen may not necessarily corr&pond with the pcm
ance of larger or smaller molded specimens, concrete in |
structural units, or specimens sawn {rom such units, bec
of differences in the degree of preferential fiber alignr
parailel to the longitudinal axis of the specimen.

5.5.1 Preferential fiber alignment is likely to occu
molded specimens when fibers in the vicinity of the 1
surfaces tend to align in the plane of the surface, and is
pronounced in specimens of small cross-section contai
long fibers. )

5.5.2 In thin concrete sections, such as overlays
shotcrete linings, fibers tend to align in the plane ot
section, so in-place performance is best evaluated 1
either molded or sawn specimens of depth equal tc
thickness of the section. Consequently, toughness inc
residual strength values, and first-crack strengths for
sections may differ from those for standard molded s
mens of nominally idenucal concrete.

5.5.3 External vibration promotes preferential aligni
of fibers parallel to the vibrating surface of the forr
screeding device used, while internal vibration does not
this effect. Consequently, toughness indices, residual stre
values, and firstcrack strengths for identical concrete s
mens prepared using the two kKiads of vibration may di

5.5.4 Prefercntial fiber alignment is negligible in
concrete because the aligning effect of mold surfac
absent and because internal vibration is often usz
toughness indices, residual surength values, and first-
strengths for standard molded specimens may differ
those for sawn specimens of nominally identical concn

6. Apparatus

6.1 Testing Machine—The testing machine shall
accordance with Test Method C 78 and shall, in additic
capable of operating in 2 manner which produces a
trolled and ‘constant rate of increase of deflecton ¢
specimen. A testing machine capable only of produc
constant rate of increase of load is not suitable for
lishing the load-deflection curve aﬁcr the maximum loz
been reached.” - v -

6.2 Deﬂecnon-Memrmg Equmenl—Dcvxccs sut
clectronic transducers or mechanical dial gages.sh:
located cither at both loading points, or at the mid-sp:
accurately determine the net deflection of the test spet
under load exclusive of any effects due to seating or tw
of the specimen on its supports. Determination of ay

- e ore e
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{eflection at the loading points is preferable if the energy
absorption capability of the test specimen is to be accurately

6.3 X-Y Plouer—An X-Y plotier coupled directly to
electronic outputs of load and deflection is the preferred
means of expediently and accurately obtaining the load-
deflection curve., When deflection is measured at the two
loading points, the average deflection shall be plotted. If an
X-Y plotier is not available, incremental tabulations of load
" and deflection may be used to manually plot the curve. -

NoTE 4—Accurate determination of the areas under the load-
deflection curve subsequently needed for computation of toughness
indices is only possible when the scales inidally chosen for load and
deflection are reasonably large. A load scale on which | in. (25 mm)
comesponds to 2 flexural stress of the order of 150 psi (1 MPa) is
recommended. For the preferred 14 by 4 by 4 in. (350 by 100 by 100
mm) specimen size, a deflection scale on which | ia. (25 mm)
comresponds 10 a2 deflection of the order of 0.004 in. (0.1 mm) is
recommended for testing up 10 the /4 deflection eriterion. When testing
is continued to a higher end-point deflection. the scale may have 10 be
reduced to avoid excessively large load-deflection plots. With some
plotting equipment it is possible to use a reladvely large scale up to the
',o cTiterion and switch to 2 smaller scale at higher deflections without
interTupting the test. ‘This keeps the size of the plot reasonable without
adversely affecting the ability to accurately determine the area up to first
crack and the areas up to the /g and /,o deflection criteria,

7. Sampling, Test Specimens, and Test Units

7.1 General Requiremenis—The nominal maximum size
ol aggregate and cross-sectional dimensions of test specimens
shall be in accordance with Practice C 31 or Practice C 192
when using molded specimens, or in accordance with
Method C 42 when using .-..»m specimens, except when the
following specific requirements are contravened:

7.1.1 The length of test specimens shall be at least 2 in.
(50 mm) greater than three times the depth. and in any case
not less than 14 in. (350 mm). .

7.1.2 The width of test specimens shall be at least three
times the maximum fiber length.

7.1.3 The depth and size of test specimens shall conform
to cither of the following two sets of requirements:

7.1.3.1 Thick Sections—The depth of test specimens shall
be at least three times the maximum fiber lengthL Subject to
meeting this requirement and the requirements of 7.1, 7.1.1,
and 7.1.2, the preferred specimen size is 14 by 4 by 4 in. (350
by 100 by 100 mm). When the preferred size is not large
cnough to meet all of these requirements, specimens of
square cross-section large enough to meet the requirements
shall be tested.

1.1.3.2 Thin Sections—When the requirements of 7.1 and
7.1.3.1 are not met in the application in which the concrete is
10 be used, as for example in overlays or shotcrete linings,
specimens of depth equal to the section thickness actually
used shall be tested. B . .

NaTE 5—When testing freshly mixed fiber-reinforeed conerete, it
may be desirable to prepare additional specimens of the preferred
standard size in order to make proper comparisons of their performance
with results obtained on other jobs or reported in the literature.

7.2 Freshly Mixed Concrete—Samples of freshly mixed
fiber-reinforced concrete for the preparation of test speci-
mens shall be obtained in accordance with Method C 172.

.7.2.1 Specimens shall be molded in accordance with
Pracdce C 31 or Practice C 192, except that compaction shall
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be by external vibration, 2s internal vibration or roddjp
may produce nonuniform fiber distribution. Make sure
the time of vibration is sufficient to ensure adequate consg).
idation, as fiber-reinforced concrete requires a longer vip,
tion time than concrele not’containing fibers, especiayy
when the fiber concentration is relatively high. Take care 1y
avoid placing the concrete in a manner which produces lacy
of fiber continuity between successive placements by using 5
wide shovel or scoop and placing each lift of concree
uniformly along the length of the mold. Use a single layer for
specimens of depth 3 in. (75 mm) or less and two layers for
specimens of depth greater than 3 in. (75 mm). )

7.2.2 In placing the final layer, attempt to add an amoug
of concrete that will exactly fill the mold after compaction,
When trowelling the top surface, continue vibration in order
to ensure that fibers do not protrude from the finished
surface.

7.2.3 Curing shall be in accordance with Practice C 31 or
Practce C 192, o

7.3 Hardened Concrete—Samples of hardened fiber-reip.
forced concrete from structures shall be selected in accorg-
ance with Practice C 823.

7.3.1 Sawn specimens shall be prepared and cured in
accordance with Method C 42.

7.4 Test Unit—At least three specimens from each sample
of fresh or hardened concrete shall be prepared for testing.

8. Conditioning

8.1 From the time test specimens are removed from their
curing environment until testing is completed, drying shall
be minimized by applying a curing compound or by other
appropriate techniques.

9. Procedure

9.1 Molded or sawn specimens representing thick sec-
tions, as defined in 7.1.3.1, shall be turmed on their side with
respect 1o the position as cast before placing on the suppont
system. Molded or sawn specimens representing thin sec-
tions, zs defined in 7.1.3.2, shall be tested as cast without
turming. Specimens representing shoterete panels of aoy
thickness shall be tested as placed without turning.

9.2 Arrange the specimen and the loading system so that
the specimen is loaded at the third points in accordance with
Test Method C 78. The span length shall be three times the
specimen depth or 12 in. (300 mm), whichever is greater. If
before loading, full contact is not obtained between the
specimen, the load-applying devices, and the supports, grind
or cap the contact surfaces of the specimen, or shim with
strips of leather in accordance with Test Method C 78.

9.3 Operate the testing machine so that the deflection of
the specimen at the mid-span increases at a constant rat¢
within the range 0.002 to 0.004 in./min (0.05 to 0.10
mm/min) until the specified end-point deflection is reached
Use 0.87 times these limits when deflection is measured 2t
the loading points, )

NoTE 6—Testing machines capable of automatically controlling ‘!’:
rate of movement of the loading heads are well suited but not essentidl
to this procedure,

9.4 Exercise care to ensure that the measured deflection
are the net values exclusive of any extrancous effects duc 1€
scating or twisting of the specimen on its supports ©
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FIG. 1 Important Characteristics of the Load-Deflection Curve

deformation of the support system. An upwards concavity in
the initial portion of the load-deflection curve ts indicative of
these extraneous effects, and shall be corrected as shown in
10.1, which is based on the assumption that the initial
portion of the curve is linear.

Note 7—Location of deflection-measunng devices at the mid-width
of the specimen minimizes the effect of twisting and reduces the number
of devices needed 1o determine the average net deflection at the loading
points or the mid-span. Location of additional dcﬂcciion-mczsuring
devices at the supports counters the effects of seating of the spcamcu on
fs supports and deformation of the support system, but increases the
number of devices needed, and makes the processing of the data'wo
obtain average net deflection more complex. Nomiinal deflections based
only on measurements at the mid-span may be considerably larger than
the corresponding net mid-span deflections obtained by subtracting the
average of the deflections measured at the two supports from the
corresponding nominal deflection at the mid-span. Toughness indices

" based on nominal mid-span deflections may be less than the equivalents

calculated using net mid-spen deflections. The magnitude ot’ the
difference may depend on the stiffness of the support system.

9.5 Unless otherwise specified by the purchaser, terminate
the test at a deflection large enough to ensure that the area up
1o the end-point deflection of 5.5 times the first-crack
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deflection specified for the [,q index can be determined.

NOTE 8—For 14 by 4 by 4 in. (350 by 100 by 100 mm) specimer
the first crack deflection is usually in the range 0.004 10 0.006 in. (0.
to 0.15 mm) when based on mid-span measurement oaly. The cor
spording net mid-span deflection at first crack, that is the measun
mid-span deflection minus the average deflecticn measured at t
supports, xs usually m the range 0.0015 to 0.0025 in. (0.038 to 0.0¢
mm).

9.6 Wh;n Lhc Icvcl of -scrvic:zbility appmpriatc to tk

_particular application in terms of permissible deflection ac

cracking indicates that the specified cnd-pomt deflectic
should be higher, further testing to an appropnatc deflectic
criterion shall be specified at ‘the option of the purchase
Rationale for selection of cnd-pomt deflection is gwcn i
X1.3 of Appendix X1, - = - -

9.7 Make two mcasurcmcnts of thc spcamcn dcpth ar
width ad)accm to the fracture (one at each face) to tt
nearest 0.05 in. (1 0 mrn) to dctcrmmc thc avcragc depth ar
width.

9.8 Determine thc position of tbc ﬁ-acturc by measurir
the distance along the middle of the tension face from tt
fracture to the nearest end of the specimen. ..
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NOTE 12—These levels of precision are based on dat from 2 small -

gumber of investigations®™ conducted by expericnced operators using

. but not necessarily the best possible equipment. The levels of
‘,(ccision achievable probably dep~nd on the nature of the equipment
wed 10 produce the loaddeflection curve, and the care exercised in
computing the areas under this curve. As more sophisticated deflection-

3 Johnston, C. D.. “Precision of Flexural Strength and Toughness Parameters
foc Stecl Fiber Reinforced Concrete,.® Cement. Concrete. and Aggregates,

. CCAGDP, Vol 4, No. 2, Winter 1982, pp 61-67.

“ Unpublished dawz supplied by C. H. Herager,

measuring and plotting devices become available. it may be possible 1o
achieve 1S % values lower than those indicated.

12.2 No data are vet available to indicate whether the
levels of precision for conocretes containing other types of
fibers, such as glass or polypropylene, differ from those

quoted in 12.1.
12.3 Multilaboratory Prgcision—No'claxa suitable for the
evaluation of multilaboratory precision are yet available.
12.4 Bias—This test method has no bias since the prop-
erties determined can only be defined in terms of this test
method.

APPENDIX . "

(Nonmandatory Information)

X1. RATIONALE FOR THE METHOD

- X1.1 Absolute values of toughness up to the first-crack or

other specified deflections depend entirely on geometrical
variables associated with the specimen and the testing
arrangemient, and bear no direct relationship 1o the energy
absorption capability of a structural element made with a
fibrous concrete identical to that used to prepare specimens
for testing according to this test method.

X1.2 Toughness indices Is, [)4, and [»q enable actual
performance to be compared with a readily understood
reference level of performance. In this regard, values of 5.0,
10.0 and 20.0 for Jy, I, and Iy correspond to linear elastic
material behavior up to first crack and perfectly plastic
behavior thereafter® (Fig. X1.1). Such behavior is desirable
for many applications requiring high toughness, and can be
reached or exceeded only by careful selection of fiber type,

3 Johnston, C. D., “Definition and Measurement of Toughness Parameters for
Fiber-Reinforced Concrete.™ Cement, Concrete, and Aggregetes, CCAGDP, Vol 4.
No. 2. Winter 1982, pp 53-40.

505

fiber concentration, and concrete matrix parameters. The
indices have the same meaning regardless of the cross-
sectional size and span of the test specimen.

X 1.3 When the condituons of serviceability or the pur-
chaser's needs require a specified end-point deflection higher
than that identified in 9.5, it is recommended that the
end-point deflection be specified as a multiple of the
first-crack deflection and that it be consistent with the
rationale in X1.2. For example, an end-point deflection of
10.5 times the first-crack deflection permits calculation of
the [ index. .

X1.4 The residual strength factors Rs 0 and Ryq 29 repre-
sent the average level of strength retained after first crack as a
percentage of the firstcrack strength for the deflection
intervals CE and EG respectively in Fig. 1 (a). Values of 100
correspond to perfectly plastic behavior (Fig. X1.1). Lower
values indicate inferior performmance. Plain concrete has
residual strength factocs of zero.



l}. ("'L o~ 1 /~)\~~<-~-L \ Sv_g_ “w fuee G

;:\

1

S a i’ IR SUEANN

MT\M (J %

-

s A
:)‘- \ < by L\\VJLLL-

¢ c 1018 J_,éuaxm Camex )

9.9 When the fracture occurs outsiée the middle third of
ae span by more than 5 % of the span lengih, discard the
results. ’

10. Calculation

10.1 If the load-deflection curve is siighdy concave up-
wards throughout i1s inital pordon, determmine first crack by
placing 2 straightedge coincident with that poruon of the
joad-deflection curve which is essendally linear, and idenu-
fving the point at which the curvature first increases sharply
2nd the slope of the curve exhibits 2 definite change, as a2t
ooint 4 in Fig. 1(2). To correct for the exiraneous effects
u_-‘.zm_o in 9.4, exiend the sirzight line, 47, representing
1he lincar porion of the load-defiection curve from the
point, T, at which it depars from the expanmental curve 10
2 new ongin at point O, 2s shown in Fig. 1(2). The line
O'T4 in Fig. 1(a) is used in subsequent area compuiauons
rziher ihan the curve OT.4.

If the load-deflecion curve is shghily convex upwarcds
.hroughout its initial poriion, that is like the stress-strzin
curve for plain concrele in tlension or compression, {irst
crack is the point at which the curvature first increases
sharply 2nd the slope of the curve exhibits 2 definite change,
2521 A in Fig. | (b). The straight line O’A in Fig. 1(b) is used
in subsequent area computztions rzther than the O‘A
portion of the curve,

10.2 Calculaie- the first-crack sirength using ihe lozd
corresponding 10 first crack on the load-deflection curve zn
he formula for modulus of rupture given in Test Muaod
C178.

NotE 9—When the flexural strength is required, it may be deter-
mined using the maximum Jozd znzined on the Joad-defiection curve
2nd 1hz formula for modulus of rupture given in Tast Method C 78. The
vzlue thus obtzined may differ from the flexural sirengih obiained using
the constant-rate-of-loading procedure specificd in Test Method C 78.

10.3 Determine the firstcrack deflection as the deflection
corresponding 1o the length O°2 in Fig. 1.

10.4 Determine the arez under the load-deflection cunve
up 10 the firsi<crack defleciion. This is the tiangular area
cerrespending 10 O'.48 in Fig. 1. If required, calculzie the
corresponding firsi-crack 1oughness in inch-pound or Sl
units.

10.5 Deiermine the arez under the Joad-deflection curve
up 10 a deflection of 3.0 times the first<rack deflection. This
corresponds 10 the area O’ 4CD in Fig. 1 where 0’D equals
3.0 umes the firsi-crack deflecion. Divide this area by the
area up 1o first crack, obtained in accordance with 10.4, and
report the number rounded” 10 the necarest 0.1 25 the
toughness index J.. )

Note 10—Decicrmination of the irregulasly shaped arcas necded to
implement the instructions of this and subseguent sections 10.6 w0 10.9
requires a planimeter, or 2pp hcz.xon of an"s:m s n_lc, or .hc countin
ol' squarss or other
.1on scals P

e s2me pic. T s T
: L ownt when cci -

Sa3 Theasure-

mans te 10:.{.....

10.6 Determine the zrea under the load-defiection curve
up 10 a deflection of 5.5 1imes the firstcrack defleciion (area
O’AEF in Fig. 1). Divide it by the area up 10 first crack, 2nd
report the number rounded to the nearest 0.! as the
toughness index Jyo.
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10.7 When required, determine the area under the Joag.
dellecion curve up 1o a deflection of 10.5 limes 1,
firsi<rack deflection (areasO’4AGH in Fig. 1). Divide it by 1,
area up 1o {irst crack, and report the number rounded 10 14,
nearest 0.1 as the toughness index /o

10.8 Determine the residual strengih factor Re 0 28 0(/

— 1), 2nd, when required, the residual sirength faclor Rm‘:=>

2s 10{/50 — /1) n‘u/,‘_ -5 (rjo" "

NoTE 1 1—While the forcgomg calculations presurne that the leag
defleciion curve is determined in grephical form. it is not inconceivabis
that clecironic equipment capzble of diginally recording load and deflec.
ion may be developed, 2nd thal the recorded data may be an2lyzed by
ccmpuier 1o delemmine reievant 2Tezs 2nd 10ughiness indicss,

. Report

11.1 The report shall include the following:

11.1.} Type of specimen (molded or sawn) and specime
1éent ': cauon aumbers or symbols,

11.1.2 Average width of specimen 10 the ne2rest 0.05 in,
(1.0 mm), -

11.1.3 Average dcplh of specimen 1o the nearest 0.05 in,
(1.0 mm)

11.1.4 Span lcnth 10 the nearest 0.1 in. (2.0 mm),

11.1.5 Firsicrack Joad and, when required, the maximum

lozd, Tof(N),

11.1.6 First-crack dcﬂ:ction. in. (mm) 10 the nearest
0.0001 in. (0.002 mm). 2nd ihe locauon where deflecion
was measured (rmd span or loading poinis),

11.1.7 Firsicrack sirength and, when reguired,
rzazth 10 the ncarest 3 psi (0.05 \iPa)

11.1.8 Firsicrack tovughnsss, 1bf-in. (N~ .“), 10 the nearest
0.1 Ibf+in. (0.0} N-m), when required,

11.1.9 Toughness indices /s and I,o. and
sorengih facior Re o

11.1.10 Toughn'ss index J.o and the residual surengh
faclor R q.n0 When required,

11.1.11 Age of specimens zt 1est,

11.1.12 Curing history znd moisture condition of spec-

TICNS at 185y,
~11.1.13 Whether specimen wes capped, ground, of
shimmed, and

11.1.14 Defects in specimen prior 10 test and 2bnormaii-
ties in specimen behavior during test

flexura!

. Precision and Bias

12.1 Within-Leboratory Precision—Single-operator values
of the one-sigma limit in percent (1S %), defined in accord-
ancs with Practce C 670, have been determined for con-
creics containing steel fibers as follows:

Paramaer Within-Batch 1S % Overall 1S %7
Fim-crack sirength s 7
Fus-cack toughness 10 12
Toughness index /g 12 13
Toughness index /.o 14 16
Toughness tbdex /o 16 20
Ficxural ssoagth SwE” 810 10%

4 Indusive of batch-1o-batch variability. but not variability due 10 chanpo 18
$peCimMED peometY, et span, and mode of loading.

2 Upper Bmit appears applicable 1o relatively high fiber concentrations. 200
154 (120 ke/m?) or more of simight uniform fibers. of 70 1b/yd? (42 kpym™) &
more of deformed fiberx.

~
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Vaives of Toughness indices
Area Basis* Index Designation Defiecson Criterion . Elastic-Plastic Observed Range for
Przin Concrete Material Fibrous Concrete
OACD s 3 1.0 5.0 106
OAEF ho . ) 5.5 1.0 10.0 1to 12
OAGH Iao 10.5 1.0 20.0 © 11025

“ Indices calcutated by dividing this area by the area to the frst crack OAB.

FIG. X1.1 Definition of Toughness Indices in Terms of Multiples of First-Crack Deflection and Elastic-Plastic Material Behavior

The American Society for Testing and Materials takes no position respecting the validity of any patent rights asseried in connection
with any iterm madtioned in this stancard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of inlringement of such rignts, are entirely thair own resf+w.sibilky. .

This standard is subject to revision &l any time by the responsidie tecanical committee and must be reviewed every live years and
# not revised, enner ceepproved or withdrawn. Your comments are invited eithar for revision of this standard o for additional standards
and should 56 aagressed to ASTM Headquarters. Your comments will receive careful consideration at & mesting o the respoasibie
technical committee, which you may attend. if you lesl Inel your commanits have not received a lair hearing you should make your
views known {9 the ASTM Committea on Stancards, 1916 Race St., Phiiadelphia, PA 19103,
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BERGTEXKNIXK /7 ROCK AND MINERAL ENGINEERING

DATE: - 1992-03-02 - 4TELEFAX NO: 095-32-56-766785/767950

TO:  Mr Kris Vervaeke . , j

ADDRESS: NV BEKAERT INTERNATIONAL TRADE SA
8550 ZWEVEGEM
BELGIUM

FROM:  Alf Thidemann, SINTEF Rock and Mineral Eng.

ADDRESS: N-7034 TRONDHEIM
NORWAY.

TELEFAX: +47-7-594778 TELEPHONE: +47-7-594861

TELEX: 55620 sintf n

THIS MESSAGE CONTAINS 1 PAGES (including this page)

. Dear Mr. Vervaeke,

The Foundation for Scientific and Industrial Research at the Norwegian Institute of Techno-
logy (SINTEF) is a research organization with approx. 2000 employees, and covers a range of
disciplinary areas within technology. The reporis are mostly restricted, including those for
clients producing steel fibres.

A short state-of-the-art review will be: :

D About 330 km of accessible Norwegian hydro tunnels (from a total of 3500 km) are
inspected in a project on long term stability All damages and defects on support
installations are reported. No corrosion problems on steel fibres in shotcrete lining
are observed, only corrosion on the free fibre ends in the water siream. However,
the most important stability problems are related to faults containing swelling clay in
connection with the use of any kind of shotcrete, including 25 cm mesh reinforced .
shotcrete at zones with extreme swelling pressure. -

2) Undersea road tunnels in Norway are investigated. No corrosion of steel fibres
inside the shotcrete has been identified in spite of a relatively high chloride content.
(A general paper from SINTEF in "Tunnels & Tunnelling®, September 1988).

3) Special analyses of steel fibres in shotcrete are carried out. In this review we may say
that the results are positive for the clients.

SINTEF Rock and Mineral Engineering will be pleased to be 2t your service.

Yours sincerely

? Whporrarsry

idemann
Research Manager
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Uﬁdem@a tunnels i N@EW&}T
a state-of-the-art review

B_]GI‘H Nilsen, Magne ’\Iaaoe, Tore S Dahlg, Tor Arne Hammer and Sverre Smeplass
SINTEF (The Founa’anon for Scientific and Industrial Research at the Norwegian Institute of

Technology), Trondheim, Norway

Porial of the Ellingssy urndersea rocd
tunnel (No. 7 in Fig 1 and 7.2 in Fig 2).

[T)tete precamysian [&55) Permian

Cembro-silunian

Fig l. Compleied subsca iunncels in Narnvay
(1-7). thasc under consiruciion (8-10) end
1hose plevncd (11-18).

The shore line of Norway is
characterised by a large number
of fjords and straits and the
majority of the population lives
on the coast. Rock conditions in
Scandinavia are generally good,
and it is therefore logical that
rock tunnels across fjords and
straits have become increas-
ingly popular for communi-
cation and industrial purposes.

en mejor tnder sea tock iunnels
: E have been completed in Norway

since 1974. A boom in subsez
tunnelling, especially road tunnels, has
been triggered by the. successiul com-
pletion of thess prejecis. Some of thess
tunnels have previously been discussed in
Tunnels & Tunnelling*™,

Experience gezined [rom completed
projects forms a2n imporiant basis for the
plznning of new subsea tunnel projecis. A
research projeet was carried out zt
SINTEF during 1987 to summarisc 2nd
evaluate the experience gzined {rom
Norwegian subsea tunnels, The research
programme will be briefly presented here
and some of the main 'cs.:!.s will be
discussed.

Summary of tunnels

The stazte-of-the-art review has con-
sidered 2ll the ten major subsea tunnels
completed in Norway so far. The
majority of these wunnels are related 10
fjord and sirait crossings on the west
coast, or are road 1unnels or tunnels for
oil and gas pipelines (Fig | and Table 1).

The total subsea length construcied to
date is about 20km, and the greziest
depih below sea level is about 250m.
Longitudinzl seciions along the respec-
tive junnels 2re shown in Fig 2.

Ferthe mos: recent ail and zag px:\.l.—)'
:r.oels the cross-sectional arez is zbout
25m*. Foriwo-lzne road lunn:ls the arca
is about 50m’. and for three-lane road
tunnels about 70mi. -

The Norwegian undersea tunncis are
sitluated in a varecy of geological
structures ranging fromtypical hard rock
such as Prccambrian gneiss 1o less
competent phyllite and poor guality

Wb o

schists and shales. All runnels cross
significant 20nes of wezkness under the
sea.

Three more undersez tunaelsare under
construction al present in Norwzy, and
more than 30 are being planned or are

under considerztion. The majority of
these are iwo- and rozd

wennels. Fig | indicates ithe locztions of |

some of the new projecis which zre most
likely 1o be construcied in the near future

Research programme

The stale-of-the-271 ssudy has concen-)
trzied in the main on the fellowing topics:
O Preinvestigations
O Junnelling results
0 Behaviour of rock support materials

Among other points, the studyincludes
discussions on ihe usefuiness of the
preinvestigations in predicting 1unneliing
conditions and 2 study into the effect of
szline eavironments on ihe condition of
rock support maleriais.

Owners, contraciors and consuliants
for the tunnels which azre documented
have actively contributed to the stucy so
that a broad overview has been possible.
A 1otz} of 1en technical reports have been
published. These reports (in Norwegian)
may be ordered {rom SINTEF.

Preinvestigations
The following preinvestigations are

normelly used in Norwzy for subsea
tunnels:

1. Review of existing information.
Geological enginecring field mzpping.
Acoustic prof'lino

Refraction seismic profiling.

Drilling.
Since most of a subsea tunnel route is
normelly covered by sea, 1he planning of
such projecisis 1o a greatextent based on
data f{rom scismic investigations and
drilling (Stages 3-5). The planning and
performance of such investigations are
discussed in detail by Beiines & Blind-
heim!, and Paulsson’.

The iotal profile length of zcoustic .

surveying is norrmally beiween 20 z2nd 20
times the subsea lengith of the wancl,
whilethe total length of refraction seismic
profiles is normally beiween 1.5 and 3.5
times the subsea length. Core drilling is
most commonly carried out as inclined
holes from the shore and under the sca,
and with a drilled tength of 30-40%¢ of 1he
subsea length.

Tunnels & Tunnelling, Seplember, 1983
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Table 1. Norwegian rock tunnels beneath the sea floor.completed prior to 1938.

Project - - . " Year Bedrock .. . Cross-  Towl  Subsea  Lowest
- - compleied section  length  length level
1. Vollsfjord. water supply tuanel 1977 Precambrian gneiss ' 16m? 9.4km  0.6km - 80m
2, Frierfjord, gas pipe tunnel 1977 Precambrian gnciss/Cambro-Silurian 16m’ J6km  Slkm - 252m
sediments

kR Varde, road tunacl 1681 Late Precambrian s*nds'onc/sh:l: 53m* 2.6km 1.7%km - 88m
4 SRV — Slemmestad, sswer tunnel 1982 Cambro-Silusian shale/limestone 10m?* 0.9%xm 0.7km - 95m
S. Karmey — Kirsto, gas pipe 1unnel

5.1 Karmsundet 1583 Caledonian greenstone and phyilite/ 1m* 4.8km 2.ikm -i80m

: Precambrian gneiss -

5.2 Ferdesfjord 1983 - Precambrian gneiss . 2imt 32km 1.6km -170m

5.3 Ferlandsijord 1983 Precambrizn gaciss/Czledonian f)h_\'llil: 2%m? 3.5km 1.0km -160m
6. Hizrioy. oil pipe tunael 1986 Precambrian gneiss 28m* 2.3km 1.8km -105m
7. Alesund. road 1uanel ’

7.1 Eilingsoy 1687 Precambriza gneiss 63m- 3.Skm L.ikm -140m

Valderay 1987 Precambrian gneiss 68m° 2.2km 2.2km -13Tm

Though Stages 1 to 4 of the pre- hensive geo-investigations zre vital for zil
investigations have been carried out for  subsea projects, 2nd the importance of ’
all these tunnels, core drilling has not  thorough processing of ail investigation 100
&

been performed for three of them (Nos. 2,
7.1 2n0d 7.2). The total cos:i of pre-
invesiigations is between Nkr 2400-5400
persubsea metre of the tunnel (1987 price
Jevels) (£218-490).

Predictions of rock quality arz based
on zn overall interpretation of results
from the various steps of preinvestig-
atiens. A major problem during this
interpretation is the transformation of
seismic data into geological descriptions.
For severzl of the completed projects,

_such problems have caused considerable

discrepancies between prediction and the
actual conditions encountered during
tunnelling. )

One result from the research pro-

gramme which illustrates. this point is
shown in Fig 3. Here, the relative lengths
of major weakness zones which were
estimated from the preinvestigations zre
plotted against the length of concrete
lining in the zctval tunnels. The com-
parisonisbased on the generally accepted
assumption that concrete lining is neces-
sary when a major weakngss zone is
crossed.

The majority of dxscr-pancms in Fig 3
have geological explanations. For in-
stance, for Tunnel 5.2 {Ferdesfjorden) the
total zone length was underestimated
because of crushed zones running paraliel
1o the tunnel axis, These zones were not
identified due to the omission of ssismic
cross profiles. For Project 7.1 (Elling-

seyfjorden) the major reason for “dis-

crepancy was that 2 combi
systematic rock bolting and sizel fibre
reinforced shoterete was used 2s an
alternative 1o concrete lining.

The estimated costs of rock support
and grouting for thesc: tunnels were
cxceeded by 20-110%. Although part of
thisdiscrepancy may have been caused by
other factors, geological features are
believed to be mainly responsible, A
major conclusion from the state-of-the-
art reviews is therefore that compre-

result shouid not be unde restimated.

Tunnelling

All projects todate have Seen tunnelled
by using normal drill+blast techniques,
The average tunnelled length/wk has
varied between 17 2nd 40m/face (approx-
imately 110 working hours/wk) (see
Table 2).

As oreviously lndlCd‘G the rock
conditions zlong the tunpel alignment
will generate unceriainties even when
comprenensive preinvestigations have
besn carried out. Continuous probe
drilling is therefore necessary during
subsea tunnelling to identify changing’
rock conditions 2nd theredby increass the
level of szfety. This type of drilling may
be regarded as a delayed part of the
preinvestigations, Percussive probe dril-
ling is done on a routine basis along the
subsea part of the wnnel; typically the
length drilled 3-5 tmgs the tunnel
length. Some core drilling is also usual,
but only to 2 lesser extent.

The major problems during tunnelling
have occurred during the crossing of
significant weakness zones. In many cases

-1 Volistjorcan
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. Fig 2. Longitudinal scctiors along the respective tunnels in Fig 1. Solid lines below waier
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Fig 4. Relative costs of rock support and
grouting as a funciion of average seismic
“yelocity.

these zones contain very active swelling
clay. Swelling pressures of up 10 2.4MPa
have been experienced. In most cases with
major weakness zones concrete lining at
the working face has been used as rock
'support.

Because of their high clay content,
most weakness zones are practically
impermezble. In some cases, however,
even zones which are rich in clay may be
walerbearing. Such zones represent the
most difficult problems. Nevertheless,
large, concentrated leakages have not

Fig 5. Chloride peneiraiion profiles in cast concrele. Examples from the Vards Tunrel.

been a major problem so far.

The grouting criterion which is most
commonly used is based on measuring
the volume of leakage water from the
probe drill holes, 2nd grouting is then

required if the leakags exceeds a certain -

limit (normally 5-10 litre/min in 2 given
borehole). The grout consumption per
tunnelled meire varies {rom 2kg/m
(Tunnel 5.3) 1o 98kg/m (Tunnel 7.1).
Water leakages and grouting are dis-
cussed in more detail by Nilsen®.

Primary and permanent shotcrete

Some key datz concerning tunnzlling
rate, rock support and grouting are
summarised in Table 2.

In Fig 4 the relative costs of rock
support and grouting are plotted against
the average seismic velocity recorded by
refraction seismic profiling. As can be
seen, the costs of rock support and
grouting in many cases represent the
mazjor part of the total wanelling cost.
When the average scismic. velocity
decreases, there is a distinct tendency for
the relative rock support and grouting
costs to increase.

Rock support materials
The major 1vpes of rock support
materials in the reported subsea tunnels

Table 2. Average tunnelling rates and some major data concerning rock support
and grouting as recorded on the ten completed undersea tunnels in Norway.

Supported length 2s percentage of

Average Rock total length
Tunnel tunnzlled bolis Shetere:s Groutirg

length

) (m) {(aumbzr/m) (0 )

1. Volisford 26 >0.52) 62 20 1)
2. Frierfjord 23 0.74) 40 6 1)
X Vardo 17 6.9 N 2 7
4, SRV 1) 1) 62 5 8
5.1. Karmsundet 34 1.5 65 15 9
5.2. Fordesfjord 26 2.3 35 33 6
5.3, Forlandsfjord 35 25 28 17 4
6. Hjarnoy 40 1.6 3 12 10
2.1 Ellingsoy 28 6.4 20 3 22
7.2 Valderoy 33 5.0 58 5 6

1) No data available. 2) Uncertain data,

are rock bolts, shotcrete (unreinforced
and steel fibre rzinforced). cast concrete,
grout, insulated aluminium sheets and
ethafoam (PE-foam). Some kev data
about the guantities of rock support are
summarised in Table 2.

Grouted pipe bolts arz most commonly
used for rock boliing on the working face.
Behind the working face, grouted rebar
bolts are usual. All rock bolts 2re hot dip
galvanised. The stipulated requirements
for-rock bolt types and work specifi-
cations have. remained unaliered since
1975. .

- Shotcreting with and without steel

- fibre reinforcement has.been usad exten-

sively and in most cases more than
planned. Most of the shotcreting has beer
applied on the working face as combined
working and permanent support. but
considerable volumes have also been
applied behind the working face as
permanent support. There has been a
considerzble development in materal
quality. Due 10 higher load capacity and
casier performance compared to mesh
reinforced shotereting, the use of steel
fibre reinforcement has increased drama-
tically. The stipulated material require-
ment today for shoterete in subsea
tunnelsis normally grade C450ra water-
cement rztio lower than 0.45.

Castin-situ concrete linings have been
used mainly in poor quality rock
situations on the working face. Concrete
quality requirements have increased
during the period in question, mzinly due
10 environmental loads. For cast in-situ
concrete linings, the stipulated require-
ment 1oday is grade C<5 or a water-
cement raiio lower than 0.45,

Cemeni-based materials have been
used mainly for grouting. Chemical
grouts have been used only in 2 few cases.
All cement grouting has been carried out
on the working face. The stipulated
requirements for grouting materials have
not been increased since 1975.

Sheet vauliing has been used occasion-
allv, In the Varde Tunnel double
aluminium sheets with insuldtion have

Tunneis & Tunnelllng, Seplember, 1988
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been uvd for water and frost proteciion.
Inthe Alesund ennels PE-foam has bezn
used as proleciion 2gainsl waier and

frost.

Inspection of rock support
Due to the aggressive characier of the
Jeakage- weter in subsea tunneis. ihe
environmental loads on suppornt maler-
jalsare very high. Durirg ihe siate-of-the-
art review the in-situ condition of
supporting materials was evzluaied by
studyving the oldest accessible tunnels. i.c.
the Varde and Kzrmaey-Kérsie tunnels,
completed in 1981 and 1983 respectively.
Visual inspections have revealed no
notable corrosion of rock bolts. In the
subsea section of the Varde Tunnel,
several test-bolts were placed freely in
crillholes. After six vears of exposure 10
sezwzter ihese bolts zre in very good
condition. Some permznent rock dolis
have been iensioned up 10 vielding Jozd
without 2ny resuliznt deformaztion in the
boits or the grovt.
In the Varde Tunnel, shoicreiing of
sirength grade C 25 has delerioraied
considerably due 10 penetraiion by
ez2water. The quaiity of thisconcrete wes
notdocumented and it wzsonlyused asa
working support. The situation is much
better in higher qualities (grade C 33),
where no delzriorztion has been cb-
served. However. on the exposed surface
. of the conerete, chemical analyses in-
dicaie zn iniizl attack where seawater is
2eping quite {reely on the concreie
uriace. It is possible that this is only 2
surizce problem since shotereie normaily
has a low surfzce quality due 10 poor
curing. No corrosion of steel fibres inside
the shotcrete nas been identified in spite
of a relztively high chloride content.
Cazst in-situ concrete is generzlly in 2
better condition than shotcrete when
concretes of the same strength grede are
compared. In secuons with seeping
scawzler on the concrete surface, initizl
deterioration Gue 1o magnesium hasbeen
observed on the exposed surface of the
concrete. In the same sections, the
chloride content has been found 1o be
higher on the exposed surface than ihe
generzlly accepied limit for a high risk off
rebar corrosion (Fig 5). N
Grout materials based on cement may
be attacked 25 a result of 2 Jow pH-level,
sulphates and magnesium in seawater.
Thebeginning of an attack mayresultina
tighter grout. However, if there is a
process of deterioration, this may be
observed by increased water inflow or by
chzngesin the composition of the leakage
water. Visual inspections-have revealed
no increased leakage over time. The
chemical composition of Jeakage water is

"

©~

mainly identical with the composition of

ordinary scawater, Thisindicatesthat the
deterioration of cement-based grouting
matcrials has been negligible.

The aluminium plates in the Varde
Tunnel do not show zny gencral cor-

rosion. Al camact poinis deiween rails
znd popneils. however, some cerrosion
products can be observed. and where
there IS coniact with concrete there is
Jacal corrosion Gue toihe zikzliniiy of the
concrete znd the aggressiveness of
seawzter on zluminium. This problem
may be avoided by preventing elecirical
contact between concrete znd zlumina
plates.

Plans for {urther research
This siate-of-the-2r@ review provides 2
sound feundation for a further pro-

gramme of research which is nlamcd 10

include.the following 1opics:

3 A further evaluziion of pessibilities
for i'nprov‘no znd rzuconzlising exisi-
ing pr:'n\cm_...)c'l procedures.

O A comprehensive siudy of cases of
roof-ins:abiil : r rockfzlls.

S A review of criteria for opiimising the
rock cover.

= Aclosersivéyvoeiihe g

bolis 2nd grouts.

The prepzration oi re¢

for rock support znd ¢h

(9]
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CHAPTER 1—INTRODUCTION
Steel fiber reinforced concrete (SFRC) and mortar
mads with hydraulic cements and containing fine or
fine and coarse aggregates along with discontinuous
discrete steel fibers are considered in this report. These
materials are routinely used in only a few types of ap-
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plications at present (1988), but ACI Committee 544
believes that many other applications will be developed
once engineers become aware of the beneficial proper-
ties of the material and have access to appropriate de-
sign procedures. The contents of this report reflect the
experience of the committee with design procedures
now in use.

The concrete used in the mixture is of a usual type,
although the proportions should be varied to obtain
good workability and take full advantage of the fibers.
This may require limiting the aggregate size, optimizing
the gradation, increasing the cement content, and per-
haps adding fly ash or other admixtures to improve
workability. The fibers may take many shapes. Their
cross sections include circular, rectangular, half-round,
and irregular or varying cross sections. They may be
straight or bent, and come in various lengths. A con-
venient numerical parameter called the aspect ratio is
used to describe the geometry. This ratio is the fiber
length divided by the diameter. If the cross section is
not round, then the diameter of a circular section with
the same area is used. . .

The designer may best view fiber reinforced concrete
as a concrete with increased strain capacity, impact re-
sistance, energy absorption, and tensile strength. How-
ever, the increase in these properties will vary from
substantial to nil depending on the quantity and type of
fibers used; in addition, the properties will not increase
at the same rate as fibers are added.

Several approaches 1o designing members with steel
fiber reinforced concrete (SFRC) are available that are
based on conventional design methods supplemented by
special procedures for the fiber contribution. These
methods generally modify the internal forces in the
member to account for the additional tension from the
fibers. When supported by full-scale test data, these
approaches can provide satisfactory designs. The ma-
jor differences in the proposed methods are in the de-
termination of the magnitude of the tensile stress in-
crease due to the fibers and in the manner in which the
total force i3\ calculated. Other approaches that have
been used are often empirical, and they may apply only
in certain cases where limited supporting test data have
been obtained. They should be used with caution in
new applications, only after adequate investigation.

Generally, for structural applications, steel fibers
should be used in a role supplementary to reinforcing
bars. Steel fibers can reliably inhibit cracking and im-
prove resistance to material deterioration as a result of
fatigue, impact, and shrinkage, or thermal stresses. A
conservative but justifiable approach in structural
members where flexural or tensile loads occur, such as
in beams, columns, or elevated slabs (i.e., roofs, floors,
or slabs not on grade), is that reinforcing bars must be
used to support the total tensile load. This is because
the variability of fiber distribution may be such that
low fiber content in critical areas could lead to unac-
ceptable reduction in strength.

In applications where the presence of conatinuous re-
inforcement is not essential to the safety and integrity
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of the structure, e.g., floors on grade, pavements,
overlays, and shotcrete linings, the improvements in
flexural strength, impact resistance, and fatigue perfor-
mance associated with the fibers can be used to reduce
section thickness, improve performance, or both.

ACI 318 does not pravide for use of the additional
tensile strength of the concrete in building design and,
therefore, the design of reinforcement must follow the
usual procedure. Other applications provide more free-
dom to take full advantage of the improved properties
of SFRC.

There are some applications where steel fibers have
been used without bars to carry flexural loads. These
have been short-span elevated slabs, e.g., a parking ga-
rage at Heathrow Airport with slabs 3 ft-6 in. (1.07 m)
square by 2% in. (10 cm) thick, supported on four sides
(Anonymous 1971). In such cases, the reliability of the
members should be demonstrated by full-scale load
tests, and the fabrication should employ rigid quality
control.

Some. full-scale tests have shown that steel fibers are
effective in supplementing or replacing the stirrups in
beams (Williamson 1978; Craig 1983; Sharma 1986).
Although it is not an accepted practice at present, other
full-scale tests have shown that steel fibers in combina-
tion with reinforcing bars can increase the moment ca-
pacity of-reinforced concrete beams (Henager and
Doherty 1976; Henager 1977a).

Steel fibers can also provide an adequate internal re-
-.:aining mechanism when shrinkage-compensating ce-
ments are used, so that the concrete system will per-
form its crack control function even when restraint
from conventional reinforcement is not provided. Fi-
bers and shrinkage-compensating cements are not only
compatible, but complement each other when used in
combination (Paul et al. 1981). Guidance concerning
shrirkage-compensating cement is available in ACI
223.1R.

ASTM A 820 covers steel fibers for use in fiber rein-
forced concrete. The design procedures discussed in this
report are based on fibers meeting that specification.

Additional sources of information on design are
available in a selected bibliography prepared by Hoff
(1976-1982), in ACI publications SP-44 (1974) and SP-
81 (1984), in proceedings of the 1985 U.S.-Sweden joint
seminar edited by Shah and Skarendahl (1986), and the
recent ACI publication SP-105 edited by Shah and Bat-
son (1987).

For guidance regarding proportioning, mixing, plac-
ing, finishing, and testing for workability of steel fiber
reinforced concrete, the designer should refer to ACI

44.3R.

CHAPTER 2—MECHANICAL PROPERTIES USED
IN DESIGN
2.1—General '
The mechanical properties of steel fiber reinforced
concrete are influenced by the type of fiber; length-to-
diameter ratio (aspect ratio); the amount of fiber; the
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strength of the matrix; the size, shape, and method of
preparation of the specimen; and the size of the aggre-
gate. For this reason, mixtwures proposed for use in de-
sign should be tested, preferably in specimens repre-
senting the end use, to verify the property values as-
sumed for design.

SFRC mixtures that can be mixed and placed with
conventional equipment and procedures use from 0.5 to
1.5 volume percent* fibers. However, higher percent-
ages of fibers {(from 2 to 10 volume percent) have been
used with special fiber addition techniques and place-

ment procedures (Lankard 1984). Most properties given

in this chapter are for the Jower fiber percentage range.
Some properties, however, are given for the higher fi-
ber percentage mixtures for information in applications
where the additional strength or toughness may justify
the special techniques required.

Fibers influence the mechanical properties of con-
crete and mortar in all failure modes (Gopalaratnam
and Shah 1987a), especially those that induce fatigue
and tensile stress, e.g., direct tension, bending, impact,
and shear. The strengthening mechanism of the fibers
involves transfer of stress from the matrix to the fiber
by interfacial shear, or by interlock between the fiber
and matrix if the fiber surface is deformed. Stress is
thus shared by the fiber and matrix in tension until the
matrix cracks, and then the total stress is progressively
transferred to the fibers.

Aside from the matrix itself, the most important var-
iables governing the properties of steel fiber reinforced
concrete are the fiber efficiency and the fiber content
{percentage of fiber by volume or weight and total
number of fibers). Fiber efficiency is controlled by the
resistance of the fibers to pullout, which in turn de-
pends on the bond strength at the fiber-matrix inter-
face. For fibers with uniform section, pullout resis-
tance increases with an increase in fiber length; the
longer the fiber the greater its effect in improving the
properties of the composite.

Also, since pullout resistance is proportional to in-
terfacial surface area, nonround fiber cross sections and
smaller diameter round fibers offer more pullout resis-
tance per unit volume than larger diameter round fi-
bers because they have more surface area per unit vol-
ume. Thus, the greater the interfacial surface area (or
the smaller the diameter), the more effectively the fi-
bers bond. Therefore, for a given fiber length, a high
ratio of length to diameter (aspect ratio) is associated
with high fiber efficiency. On this basis, it would ap-
pear that the fibers should have an aspect ratio high
enough to insure that their tensile strength is ap-
proached as the composite fails. .

Unfortunately, this is not practical. Many investiga-
tions have shown that use of fibers with an aspect ratio
greater than 100 usually causes inadequate workability
of the concrete mixture, non-uniform fiber distribu-
tion, or both if the conventional mixing techniques are
used (Lankard 1972). Most mixtures used in practice

* Percent by volume of the total concrete mixuure,
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Fig. 2.1—Stress-strain curves for steel fiber reinforced
concrele in compression, %i-in. (9.5-mm) aggregate
mixtures (Shah 1978)

employ fibers with an aspect ratio less than 100, and
failure of the composite, therefore, is due primarily to
fiber pullout. However, increased resistance to pullout
without increasing the aspect ratio is achieved in fibers
with deformed surfaces or end anchorage; failure may
involve fracture of some of the fibers, but it is still usu-
ally governed by pullout.

An advantage of the pullout type of failure is that it
is gradual and ductile compared with the more rapid
and possibly catastrophic failure that may occur if the
fibers break in tension. Generally, the more ductile the
steel fibers, the more ductile and gradual the failure of
the concrete. Shah and Rangan (1970) have shown that
the duectility provided by steel fibers in flexure was en-
hanced when the high-strength fibers were annealed (a
heating orocess that softens the metal, making it less
brittle).

An understanding of the mechanical properties of
SFRC and their variation with fiber type and amount is

~ an important aspect of successful design. These prop-

erties are discussed in the remaining sections of this
chapter.

2.2—Compression . .

The effect of steel fibers on the compressive strength
of concrete is variable. Documented increases for con-
crete (as opposed to mortar) range from negligible in
most cases to 23 percent for concrete containing 2 per-
cent by volume of fiber with £/d = 100, ¥4-in. (19-mm)
maximum-size aggregate, and tested with 6 x 12 in. (150
X 300 mm) cylinders (Williamson 1974). For mortar
mixtures, the reported increase in compressive strength
ranges from negligible (Williamson 1974) to slight (Fa-
nelila and Naaman [985).

Typical stress-strain curves for steel fiber reinforced
concrete in compression are shown in Fig. 2.1 (Shah et
al. 1978). Curves for steel fiber reinforced mortar are
shown in Fig. 2.2 and 2.3 (Fanella and Naaman 1985).
In these curves, a substantial increase in the strain at
the peak stress can be noted, and the slope of the de-
scending portion is less steep than that of control spec-
imeas without fibers. This is indicative of substantially
higher toughness, where toughness is a measure of
ability to absorb energy during deformation, and it can
be estimated from the area under the stress-strain
curves or load-deformation curves. The improved
toughness in compression imparted by fibers is useful in
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preventing sudden and explosive fé.ilure under static
loading, and in absorbing energy under dynamic load-
ing.

2.3—Direct tension

No standard test exists to determine the stress-strain
curve of fiber reinforced concrete in direct tension. The
observed curve depends on the size of the specimen,
method of testing, stiffness of the testing machine, gage

566

ength, and whether single or multiple cracking occurs
within the gage length used. Typical examples of stress-
strain curves (with strains measured from strain gages)
for steel fiber reinforced mortar are shown in Fig. 2.4
(Shah et al. 1978). The ascending part of the curve up
to first cracking is similar to that of unreinforced mor-
tzr. The descending part depends on the fiber reinfore-
ing parameters, notably fiber shape, fiber amount and
aspect ratio.
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An investigation of the descending, or post-cracking,
portion of the stress-strain curve has led to the data
shown in Fig. 2.5 and 2.6 and the prediction equation
shown in Fig. 2.6 (Visalvanich and Naaman 1983). If
only one crack forms in the tension specimen, as in the
tests in Fig. 2.5, deformation is concentrated at the
crack, and calculated strain depends on the gage length.
Thus, post-crack strain information must be inter-
preted with care in the post-crack region (Gopalarat-
nam and Shah 1987b).

The strength of steel fiber reinforced concrete in di-
rect tension is generally of the same order as that of
unreinforced concrete, i.e., 300 to 600 psi 2 to 4 MPa).
However, its toughness (as defined and measured ac-
cording to ASTM C 1018) can be one to two orders of
magnitude higher, primarily because of the large fric-
tional and fiber bending energy developed during fiber
pullout on either side of a crack, and because of defor-
mation at multiple cracks when they occur (Shah et al.
1978; Visalvanich and Naaman 1983; Gopalaratnam
and Shah 1987b).

2.4—Flexural strangth

The influence of steel fibers on flexural strength of
concrete and mortar is much greater than for direct
tension and compression. Two flexural strength values
are commonly reported. One, termed the first-crack
flexural strength, corresponds to the load at which the
load-deformation curve departs from linearity (Point A
on Fig. 2.7). The other corresponds to the maximum
load achieved, commonly called the ultimate flexural
strength or modulus of rupture (Point C on Fig. 2.7).
Strengths are calculated from the corresponding load
using the formula for modulus of rupture given in
ASTM C 78, although the linear stress and strain dis-
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tributions on which the formula is based no longer ap-
ply after the matrix has cracked.

Fig. 2.8 shows the range of flexural load-deflection
curves that can result when different amounts and types
of fibers are used in a similar matrix and emphasizes
the confusion that can occur in reporting of first—crack
and ultimate flexural strength. For larger amounts of
fibers the two loads are quite distinct (upper curve), but
for smaller fiber volumes the first<rack load may be
the maximum load as well (lower curves). The shape of
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1982b)

the post<racking curve is an important consideration in
design, and this will be discussed relative to the calcu-
lation of flexural toughness. It is important, however,
that the assumptions on which strength calculations are
based be clearly indicated.

Procedures for determining first<rack and ultimate
flexural strengths, as published in ACI 544.2R and
ASTM C 1018, are based on testing 4 x 4 x 14 in. (100
x 100 x 350 mm) beams under third-point loading for
quality control. Other sizes and shapes give higher or
lower strengths, depending on span length, width and
depth of cross section, and the ratio of fiber length to
the minimum cross-sectional dimension of the-test
specimen.

It is possible, however, to correlate the results ob-
tained in different testing configurations to values for
standard beams tested under third-point loading, even
when centerpaint loading is employed (Johnston
1982a). This is necessary when attempting to relate the
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performance of a particular design depth or thickness
of material, e.g., a2 sample obtained from a pavement
overlay or shotcrete lining, to the performance of stan-
dard 4 x 4 x 14 in. (100 x 100 x 350 mm) beams. The
requirements relating cross-sectional size to design
thickness of fiber reinforced concrete and to fiber
length in ASTM C 1018 state that, for normal thick-
ness of sections or mass concrete applications, the min-
imum cross-sectional dimension shall be at least three
times the fiber length and the nominal maximum ag-
grégate size.

Ultimate flexural strength generally increases in rela-
tion to the product of fiber volume concentration v and
aspect ratio £/d. Concentrations less than 0.5 volume
percent of low aspect ratio fibers (say less than 50) have
negligible effect on static strength properties. Prismatic
fibers, or hooked or enlarged end (better anchorage) fi-
bers, have produced flexural strength increases over
unreinforced matrices of as much as 100 percent

ACI Structural Journal / September-October 1988
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(Johnston 1980). Post-cracking load-deformation char-
acteristics depend greatly on the choice of fiber type

"and the volume percentage of the specific fiber type

used. The cost effectiveness of a particular fiber
type/amount combination should therefore be evalu-
ated by analysis or prototype testing. '

High flexural strengths are most easily achieved in
mortars. Typical values for mortars (w/c ratio = 0.45
to 0.55) are in the range of 1000 to 1500 psi (6.5 to 10
MPa) for 1.5 percent by volume of fibers depending on
the £/d and the type of fiber, and may approach 1500
psi (13 MPa) for 2.5 percent by volume of fibers
(Johnston 1980).

For fiber reinforced concretes, strengths decrease
with increases in the maximum size and proportion of
coarse aggregate present. In the field, workability con-
siderations associated with conventional placement
equipment and practices usually limit the product of fi-
ber concentration by volume percent and fiber aspect
ratio v{/d to about 100 for uniform straight fibers.
Twenty-eight day ultimate flexural strengths for con-
cretes containing 0.5 to 1.5 percent by volume of fibers
with % to % in. (8 to 19 mm) aggregate are typically in
the range of 800 to 1100 psi (5.5 to 7.5 MPa) depend-
ing on vé/d, fiber type, and water-cement ratio.

Crimped fibers, surface-deformed fibers, and fibers
with end anchorage produce strengths above those for
smooth fibers of the same volume concentration, or al-
low similar strengths to be achieved with lower fiber
concentrations. The use of a superplasticizing admix-
ture may increase strengths over .the value obtained
without the admixture if the w/c ratio is reduced (Ra-
makrishnan and Coyle 1983).

2.5—Flexural toughness

Toughness is an important characteristic for which
steel fiber reinforced concrete is noted. Under static
loading, flexural toughness may be defined as the area
under the load-deflection curve in flexure, which is the

total energy absorbed prior to complete separation of .

the specimen (ACI 544.1R). Typical load-deflection
curves for concrete with different types and amounts of
fiber are shown in Fig. 2.8 (Johnston 1982b). Flexural
toughness indexes may be calculated as the ratio of the
area under the load-deflection curve for the steel fiber
concrete to a specified endpoint, to the area up to first

- crack, as shown in ASTM C 1018, or to the area ob-

tained for the matrix without fibers.

Some examples of index values computed using a
fixed deflection of 0.075 in. (1.9 mm) to define the test
endpoint fora 4 x4 x 14 in. (100 x 100 x 350 mm) beam
are shown in Fig. 2.8. Examples of index values I, /o,
and Iy, which can be computed for any size or shape of
specimen, are also shown in Fig. 2.8.

These indexes, defined in ASTM C 1018, are ob-
tained by dividing the area under the load-deflection
curve, determined at a deflection that is a multiple of
the firstcrack deflection, by the area under the curve
up to the first crack. /, is determined at a deflection 3
times the first—crack deflection, /,, is determined at 5.5,
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and I, at 15.5 times the first-crack deflection.. For ex-
ample, for the second highest curve of Fig. 2.8, the
first-crack deflection is 0.0055 in. (0.014 mm). I, is
therefore determined at a deflection of 0.0165 in. (0.042
mm). The other values ate computed similarly. ASTM
C 1018 recommends that the end-point deflection and
the corresponding index be selected to reflect the level
of serviceability required in terms of cracking and de-
flection.

Yalues of the ASTM C 1018 toughness indexes de-
pend primarily on the type, concentration, and aspect
ratio of the fibers, and are essentially independent of:
whether the matrix is mortar or concrete {Johnston and
Gray 1986). Thus, the indexes reflect the toughening
effect of the fibers as distinct from any strengthening
effect that may occur, such as an increase in first-crack
strength.

Strengthening effects of this nature depend primarily
on matrix characteristics such as water-cement ratio. In
general, crimped fibers, surface-deformed fibers, and
fibers with end anchorage produce toughness indexes
greater than those for smooth straight fibers at the
same volume concentration, or allow similar index val-
ues to be achieved with lower fiber concentrations. For
concrete containing the types of fiber with improved
anchorage such as surface deformations, hooked ends,
enlarged ends, or full-length crimping, index values of
5.0 for I and 10.0 for [, are readily achieved at fiber
volumes of 1 percent or less. Such index values indicate
a composite with plastic behavior after first crack that
approximates the behavior of mild steel after reaching
its yield point (two upper curves in Fig. 2.8). Lower fi-
ber volumes or less effectively anchored fibers produce
correspondingly lower index values {two lower curves in
Fig. 2.8).

2.6—Shrinkage and creep

Tests have shown that steel fibers have little effect on
free shrinkage of SFRC (Hannant 1978). However,
when shrinkage is restrained, tests using ring-type con-
crete specimens cast around a restraining steel ring have
shown that steel fibers can substantially reduce the
amount of cracking and the mean crack width (Malm-
berg and Skarendah! 1978; Swamy and Stavrides 1979).
However, compression-creep tests carried out over a
loading period of 12 months showed that the addition
of steel fibers does not significantly reduce the creep
strains of the composite (Edgington 1973). This behav-
ior for shrinkage and creep is consistent with the low
volume concentration of fiber when compared with an
aggregate volume of approximately 70 percent.

2.7—Freeze-thaw resistance
Steel fibers do not significantly affect the freeze-thaw
resistance of concrete, although they may reduce the
severity of visible cracking and spalling as a result of
freezing in concretes with an inadequate air-void sys-
tem (Aufmuth et al. 1974), A proper air-void system
(ACI 201.2R) remains the most important criterion
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needed to insure satisfactory freeze-thaw resistance, just
as with plain concrete. :

2.8—Abrasion/cavitation/erosion resistance

Both laboratory tests and full-scale field trials have
shown that SFRC has high resistance to cavitation
forces resulting from high-velocity water flow and the
damage caused by the impact of large wateiborne de-
bris at high velocity (Schrader and Munch 1976a;
Houghton et al. 1978; ICOLD 1982). Even greater cav-
itation resistance is reported for steel fiber concrete im-
pregnated with a polymer (Houghton et al. 1978).

It is important to note the difference between ero-
sion caused by impact forces (such as from cavitation
or from rocks and debris impacting at high velocity)
and the type of erosion that occurs from the wearing
action of low velocity particles. Tests at the Waterways
Experiment Station indicate that steel fiber additions do
not improve the abrasion/erosion resistance of con-
crete caused by small particles at low water velocities.

This is because adjustments in the mixture proportions °

to accommodate the fiber requirements reduce coarse
aggregate content and increase paste content (Liu
1981).

2.9—Performance under dynamic loading

The dynamic strength of concrete reinforced with
various types of fibers and subjected to explosive
charges; dropped weights; and dynamic flexural, ten-
sile, and compressive loads is 3 to 10 times grezter than
that for plain concrete (Williamson 1965; Robins and
Calderwood 1978; Suaris and Shah 1984). The higher
energy required to pull the fibers out of the matrix pro-
vides the impact strength and the resistance to spalling
and fragmentation under rapid loading (Suaris and
Shah 1981; Gokoz and Naaman 1981).

An impact test has been devised for fibrous concrete
that uses a 10-1b (4.54-kg) hammer dropped onto a steel
ball resting on the test specimen. The equipment used
to compact asphalt concrete specimens according to
ASTM D 1559 can readily be adapted for this test; this
is described in ACI 544.2R. For fibrous concrete, the
number of blows to failure is typically several hundred
compared to 30 to 50 for plain concrete (Schrader
1981b).

Steel fiber reinforced beams have been subjected to
impact loading in instrumented drop-weight and
Charpy-type systems (Suaris and Shah 1983; Naaman
and Gopalaratnam 1983; Gopalaratnam, Shah, and
John 1984; Gopalaratnam and Shah 1986). It was ob-
served that the total energy absorbed (measured from
the load-deflection curves) by SFRC beams can be as
much as 40 to 100 times that for unreinforced beams. .

CHAPTER 3—DESIGN APPLICATIONS
3.1—Slabs
The greatest number of applications of steel fiber
reinforced concrete (SFRC) has been in the area of
stabs, bridge decks, airport pavements, parking areas,
and cavitation/erosion environments. These applica-
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tions have been summarized- by Hoff (1976-1982),
Schrader and Munch (1976b), Lankard (1975), John-
ston (1982¢), and Shah and Skarendahl (1986).

Wearing surfaces have been the most common appli-
cation in bridge decks. Bétween 1972 and 1982, fifteen
bridge deck surfaces were constructed with fiber con-
tents from 0.75 to 1.5 volume percent. All surfaces but
one were either fully or partially bonded to the existing
deck, and most of these developed some cracks. In
most cases, the cracks have remained tight and have not
adversely affected the riding quality of the deck. A 3 in.
75 mm) thick unbonded overlay on a wooden deck was
virtually crack-free after three years of traffic (ACI
Committee 544, 1978). Periodic examination of the 15
projects has shown that the SFRC overlays have per-
formed as designed in all but one case. Recently, latex-
modified fiber reinforced concrete has been used suc-
cessfully in seven bridge deck rehabilitation projects
(Morgan 1983).

3.1.1 Slabs on grade—SFRC projects that are slabs
on grade fall into two categories: overlays and new
slabs on prepared base.

Many of the bonded or partially bonded experimen-
tal overlays placed to date without proper transverse
control joints developed transverse cracks within 24 to
36 hours after placement. There are several causes for
this. One is that there is greater drying shrinkage and
heat release in the SFRC mixtures used because of the
higher cement contents [of the order 800 Ib/yd?® (480
kg/m?®)] and the increased water demand. Recent de- .
signs have used much lower cement contents, thus re-
ducing drying shrinkage.

[t has been suggested that restrained shrinkage oc-
curs in the overlay at a time when bond between the fi-
ber and matrix is inadequate to prevent crack forma-
tion. In these cases, a suggested remedy is to use high-
range water reducer technology and cooler placing -
temperatures. A study at the South Dakota School of
Mines showed that drying shrinkage is reduced when
the use of superplasticizers in SFRC results in a lower
water-cement ratio. SFRC mixtures with w/c ratios less
than 0.4 had lower shrinkage than conventional struc-
tural concrete mixtures (Ramakrishnan and Coyle
1983).

The most extensive and well monitored SFRC slab-
on-grade project to date was an experimental highway
overlay project in Green County, lowa, constructed in
September and October 1973 (Betterton and Knutson
1678). The project was 3.03 miles (4.85 km) long and
included thirty-three 400 x 20 ft (122 x 6.1 m) sections
of SFRC overlays 2 and 3 in. (50 and 75 mm) thick on
badly broken pavement. Many major mixture and de-
sign variables were studied under the same loading and
environmental conditions, and performance continues
to be monitored.

Ezarly observations on the Green County project in-
dicated that the use of debonding techniques has greatly
minimized the formation of transverse cracks. How-

‘ever, later examinations indicated that the bonded sec-

tions had outperformed the unbonded sections (Better-
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ton and Knutson 1978). The 3 in. (75 mm) thick over-
lays are performing significantly better than those that
are 2 in. (50 mm) thick. In the analysis of the Green
County project, it was concluded that fiber content was
the parameter that had the greatest impact on perfor-
mance, with the higher fiber contents performing the
best.

There are few well documented examples of the
comparison of SFRC with plain concrete in highway
slabs on grade. However, in those projects involving
SFRC slabs subjected to heavy bus traffic, there is evi-
dence that SFRC performed as well as plain concrete
without fibers at SFRC thicknesses of 60 to 75 percent
of the unreinforced slab thickness (Johnston 1984).

The loadings and design procedures for aircraft
pavements and warehouse floors are different from
those used for highway slabs. For nonhighway uses, the
design methods for SFRC are essentially the same as
those used for nonfiber concrete except that the im-
proved flexural properties of SFRC are taken into ac-
count (AWI c. 1978; Schrader 1984; Rice 1977; Parker
1974; Marvin 1974; BDC 1975).

Twenty-three airport uses (Schrader and Lankard
1983) of SFRC and four experimental test slabs for air-
craft-type loading have been reported. Most uses are
overlays, although a few have been new slabs cast on
prepared base. The airport overlays of SFRC have been
constructed considerably thinner (usually by 20 to 60
percent) than a comparable plain concrete overlay
would have been, and, in general, have performed well,
as reported by Schrader and Lankard (1983} in a study
on curling of SFRC. In those cases where comparison
with a plain concrete installation was possible, as in the
experimental sections, the SFRC performed signifi-
cantly better.

The majority of the SFRC placements have shown

varying amounts of curling at corners or edges
(Schrader and Lankard 1983). The curling is similar to
that evidenced by other concrete pavements of the same
thickness reinforced with bar or mesh. Depending upon
the amount of curling, a corner or edge crack may
eventually form because of repeated bending. Thinner
sections, less than S in. (125 mm), are more likely to
exhibit curling.

The design of SFRC slabs on grade involves four
considerations: (1) flexural stress and strength; (2) elas-
tic deflections; (3) foundation stresses and strength; and
(4) curl. The slab must be thick enough to accommo-
date the flexural stresses imposed by traffic and other
loading. Since traffic-induced stresses are repetitive, a
reasonable working stress must be established to insure
performance under repeated loading.

In comparison with conventional concrete slabs, a fi-
brous concrete slab is relatively flexible due to its re-
duced thickness. The magnitude of anticipated elastic
deflections must be assessed, because excessive elastic
deflections increase the danger of pumping in the
subgrade beneath the slab.

Stresses in the underlying layers are also increased
due to the reduced thickness, and these must be kept
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low enough to prevent introduction of permanent de- -
formation in the supporting materials.

Specific recommendations to minimize curl are avail-
able (Schrader and Lankard 1983). They include reduc-
ing the cement content, water content, and temperature
of the plastic concrete, and using Type II portland ce-
ment, water reducing admixtures, and set-retarding ad-
mixtures. Other recommendations cover curing and
construction practices and joint patterns.

The required slab thickness is most often based on a
limiting tensile stress in flexure, usually computed by
the Westergaard analysis of a slab on an elastic foun-
dation. Selection of an appropriate allowable stress for
the design is difficult without laboratory testing, be-
cause the reduction factor to account for fatigue and
variability of material properties may be different for
each mixture, aggregate, water-cement ratio, fiber type,
and fiber content.

Parker (1974) has developed pavement thickness de-
sign curves for SFRC similar to the design curves for
conventional concrete. For general SFRC, the ultimate
flexural strength (modulus of rupture) is of the order
1.5 times that of ordinary concrete. A working value of
80 percent of the modulus of rupture obtained from the
laboratory SFRC specimen has been conservatively
suggested as a design parameter for aircraft pavements
{Parker 1974). A value of two-thirds the modulus of
rupture has been suggested for highway slabs.

Typical material property values for SFRC that has
been used for pavements and overlays are: flexural

' strength = 900 to 1100 psi (6.2 to 7.6 MPa), compres-

sive strength = 6000 psi (41 MPa), Poisson’s ratio =
0.2, and modulus of elasticity = 4.0 x 10® psi (27,600
MPa). Typical mixtures that achieve properties in these

. ranges are shown in ACI 544.3R. Schrader (1984) has

developed additional guidance for adapting existing
pavement design charts for conventional concrete to the
design of fiber reinforced concretes.

Flexural fatigue is an important parameter affecting
the performance of pavements. The available data in-
dicate that steel fibers increase the fatigue resistance of

-the concrete significantly. Batson et al. (1972b) found

that a fatigue strength of 90 percent of the first—crack
strength at 2 x 10° cycles to 50 percent at 10 x 10° cycles
can be obtained with 2 to 3 percent fiber volume in
mortar mixtures for nonreversal type loading. Morse
and Williamson (1977), using 1.5 percent fiber volume,
obtained 2 x 10° cycles at 65 percent of the first-crack
stress without developing cracks, also for a nonreversal
loading. Zollo (1975) found a dynamic stress ratio {ra-
tio of first-crack stress that will permit 2 x 10° cycles to
the static (one cycle) first-crack stress] for overlays on
steel decks between 0.9 and 0.95 at 2 million cycles.
Generally, fatigue strengths are 65 to 95 percent at
one to two million cycles of nonreversed load, as com-
pared to typical values of 50 to 55 percent for beams
without fibers. Fatigue strengths are lower for fully re-
versed loading. For properly proportioned high-quality
SFRC, a fatigue value of 85 percent is often used in
pavement design. The designer should use fatigue
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strengths that have been established for the fiber type,
volume percent, approximate aggregate size, and ap-
proximate mortar content of the materials to be used.
Mortar mixtures can accept higher fiber contents and

do not necessarily behave the'same as concrete mix-

tures.

3.1.2 Structural floor slabs—For small slabs of steel
fiber reinforced concrete, Ghalib (1980) presents a de-
sign method based on yield line theory. This procedure

was confirmed and developed from tests on one-way

slabs % in. thick by 6 in. wide by 20 in. long (19 x 150
X 508 mm) on an 18-in. (457-mm) span line loaded near
the third points, and on two-way slabs 1.3 in. x 37.8 in.
square (33 x 960 mm square) on a 35.4-in. (900-mm)
span point loaded at the center. The design method ap-
plies to slabs of that approximate size only, and the de-
signer is cautioned not to attempt extrapolation to
larger slabs. Design examples given by Ghalib (1980)
are for slabs about 0.78 in. (20 mm) thick.

3.1.3 Bridge decks—Deterioration of concrete bridge
decks due to cracking, scaling, and spaliing is a critical
maintenance problem for the nation’s highway system.
One of the main causes of this deterioration is the in-

trusion of deicing salts into the concrete, causing rapid

corrosion of the reinforcing. As discussed in Section
3.1, SFRC overlays have been used on a number of
projects in an attempt to find a practical and effective
method of prevention and repair of bridge deck deteri-
oration. The ability of steel fibers to control the fre-
quency and severity of cracking, and the high flexural
and fatigue strength obtainable with SFRC can provide
significant benefit to this application.

However, the SFRC does not stop all cracks, nor
does it decrease the permeability of the concrete. As a
consequence, SFRC by itself does not solve the prob-
- lem of intrusion of deicing salts, although it may help
by limiting the size -and number of cracks. The corro-
sion of fibers is not a problem in sound concrete. They
will corrode in the presence of chlorides, but their small
size precludes their being a cause of spalling (Morse and
Williamson 1977; Schupack 1985). See ACI 544.1R for
additional data on steel fiber corrosion.

3.2—Flexure in beams

3.2.1 Static flexural strength prediction for beams
with fibers only—Several methods have been developed
to predict the flexural strength of small beams rein-
forced only with steel fibers (Schrader and Lankard
1983; Lankard 1972; Swamy et al. 1974). Some use em-
pirical data from laboratory experiments. Others use
the fiber bond area or the law of mixtures, plus a ran-
dom distribution factor, bond stress, and fiber stress.

Equations developed by Swamy et al. (1974) have a
form based on theoretical derivation with the coeffi-
cients obtained from a regression analysis of that data.
Although the coefficient of correlation for the regres-
sion analysis (of the laboratory data analyzed) was
0.98, the predictions may be as much as 50 percent high
for field-produced mixtures.
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Concrete and mortar, a wide range of mixture pro-
portions, fiber geometries, curing methods, and cement
of two types were represented in data from several au- .
thors. The first coefficient in each equation should the-
oretically be 1.0. The eguations are applicable only to
small [4 x 4 x 12 in. (100 x 100 x 305 mm)] beams, such
as those used in laboratory testing or as small minor
secondary members in a structure. The designer should
not attempt extrapolation to larger beams or to fiber
volumes outside the normal range of the data used in
the regression analysis. The equations are
first-crack composite strength, psi

o, = 0.843 £V, + 425 v, t/d, 3-1
ultimate composite flexural strength, psi

0, = 0971, V, + 494V, t/d, (3-2)
‘where
stress in the matrix (modulus of rupture of the
plain mortar or concrete), psi
V. = volume fraction of the matrix = | — V,

volume fraction of the fibers = 1 — V,

Yy
£/d, = ratio of the length to diameter of the fibers
(aspect ratio)

/e

These equations correlate well with laboratory work.
However, as previousiy noted, if they are used to pre-
dict strengths of field placements, the predictions will
generally be higher than the actual values by up to 50 °
percent.

3.2.2 Static flexural analysis of beams containing
bars and fibers—A method has been developed (Hena-
ger and Doherty 1976) for predicting the strength of
beams reinforced with both bars and fibers. This
method is similar to the ACI ultimate strength design
method. The tensile strength computed for the fibrous
concrete is added to that contributed by the reinforcing
bars to obtain the ultimate moment.

The basic design assumptions made by Henager and
Doherty (1976) are shown in Fig. 3.1, and the equation
for nominal moment M, of a singly reinforced steel fi-
brous concrete beam is

a

M, = A.J, <d - -2->
b(h — e (ﬁ + - ‘—’) (3-3)

+0,0( S+t373
e = [g, (fibers) + 0.003] ¢/0.003 34
where

o, = 1.12 ¢/d, p, F,, (inch/pound units, psi) or  (3-5)
g, = 0.00772 ¢/d; p, F,. (S] units, MPa) (3-6)
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Fig. 3.1—Design assumptions for analysis of singly reinforced concrete beams con-
taining steel fibers (Henager and Doherty 1976)

¢ = fiber length

d, = fiber diameter

p; = percent by volume of steel fibers

F,. = bond efficiency of the fiber which varies from
1.0 to 1.2 depending upon fiber characteristics

a = depth of rectangular stress block
b = width of beam
¢ - distance from extreme compression fiber to neu-

tra! axis found by equating the internal tension
and compression forces

d = distance from extreme compression fiber to cen-
troid of tension reinforcement h

e = distance from extreme compression fiber to top
of tensile stress block of fibrous concrete (Fig.
3.

¢, = tensile strain in steel at theoretical moment

strength of beam, for bars = f/E,; for fibers =
a/E, based on fiber stress developed at pullout
(dynamic bond stress of 333 psi) (Fig. 3.1)

€. = compressive strain in concrete

7 = compressive strength of concrete

f, = yield strength of reinforcing bar

A, = area of tension reinforcement
C = compressive force

h = total depth of beam

g, = tensile stress in fibrous concrete
E, = modulus of elasticity of steel

5
T, = tensile force of fibrous concrete = ¢, b (h — €)
T, = tensile force of bar reinforcement = A,/

In this analysis, the maximum usable strain at the
extreme concrete compression fiber is taken to be
0.003. There are some data that indicate 0.003 may be
conservative. Work by Williamson (1973) and Pearl-
man (1979) indicates that 0.0033 may be more realistic
for steel fiber concrete. Swamy and Al-Ta'an (1981)
recommend 0.0035. Based on a study of plastic hinges,
Hassoun and Sahebjam (1985) recommend a failure
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strain of 0.0035 for concrete with 1.0 percent steel fi-
bers, and 0.004 for 1 to 3 percent fibers.

The question arises as to whether the load factors
and the capacity-reduction factor for flexure used in
ACI 318 are still applicable. Normally, a smaller ca-
pacity-reduction factor would be used in the calcula-
tion of design strength when concrete tension is 2 ma-
jor part of the resisting mechanism. In this use, how-
ever, the concrete tension contributes only about 5 to
15 percent of the resisting moment, which is significant
but not a major part. Additional research is needed to
define the reliability of the concrete tension force be-
fore a factor can be assigned to this type of member. It

"would be reasonable, however, to maintain a ¢ = 0.9

for the part of the resistance attributed to the de-
formed bar reinforcement {first term in Eq. (3-3)], and
a smaller ¢ for the concrete tension contribution [sec-

_ond term in Eq. (3-3)].

The ratios of the calculated momexnts [using Eq.
(3-3)] to-actual moments in test beams ranged from
1.001 to'1.017 for a series of 6 beams reported by Hen-
ager and Doherty (1976). In these tests, a SFRC mortar
mixture containing 940 1b of cement/yd® (557 kg/m?),
2256 1b (1337 kg) of V-in. (6-mm) maximum size ag-
gregate, and a w/c ratio of 0.45 or less was used. The
method has also been applied successfully to fiber rein-

forced beams using a normal cement content {420

Ib/yd® (250 kg/m?)] and to beams of fiber reinforced
lightweight aggregate concrete (Henager 1977a).

Eq. (3-5) and (3-6) incorporate a factor for bond
stress of the fibers; this was chosen because it corre-
lated with these tests. The selection of 333 psi (2.3
MPa) for bond stress was based on reported values in
the range of 213 to 583 psi (1.5 to 4 MPa) for smooth,
straight, round, high-strength fibers with embedment
lengths of %2 to 1% in. (12 to 32 mm) (Williamson
1974; Aleszka and Beaumont 1973; Naaman and Shah
1976). This was combined with calculations that
showed that 333 psi (2.3 MPa) would not cause frac-
ture of the fibers used in the beams.

Fiber fracture rarely occurs in SFRC flexure loading
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with the fiber proportions and anchorage provisions
normally available and with ¢/d = 100 or less. In this
derivation the strain in the fibers is limited to the
amount that produces about 333 psi, and it does not
increase because the fibers slip and pull out. It is the
pullout resistance that produces the toughness charac-
teristic of SFRC during fracture. Other methods for
static flexural analysis of beams containing bars and fi-
bers have been proposed by Schrader (1971), William-
son (1973), Swamy and Al-Ta'an (1981), and Jindal
(1984). There have been studies on combined axial ioad
and flexure that deal with the same problem of includ-
ing the effect of fibers on the tension force in the con-
crete (Craig et al. 1984b).

3.2.3 Beam-to-column joints—Additional studies re-
lated to flexure have been performed on beam-to—col-
umn connections. Henager (1977b) investigated the
performance of a seismic-resistant beam-column joint
using steel fibers in lieu of hoops in the joint region.
Longitudinal steel bars were used in both the beam and
the column. Deformed steel fibers 1%2 x 0.020 in. (38 x

0.51 mm) were used at a fiber content of 1.67 percent -

by volume in the joint region, an area of high shear
stresses.

In comparison to a conventional joint using hoop ties
at 4 in, (100 mm) on centers, the SFRC joint showed no
cracking in the joint region, whereas the conventional
joint showed some hairline cracking. The SFRC joint
developed a maximum moment of 56.5 kip-ft (76.7 kN-
m) compared to 45.0 .ip-ft (62.2 kN-m) for the con-
ventional joint. The 28-day compressive strengths were
5640 psi (38.9 MPa) for the SFRC and 5915 psi (40.8

" MPa) for the conventional concrete in the joint re-

gions. Flexural strengths were 1419 psi (9.8 MPa) for
the SFRC and 450 psi (3.1 MPa) for the conventional
concrete.

Craig et al. (1984a) tested 10 joints, 5 of which con-
tained steel fibers and a reduced quantity of deformed
bar hoops. He also noted considerable improvement in
the joint strength, ductility, and energy absorption with
the steel fibers. :

3.2.4 Flexural fatigue considerations—Batson et al.
(1972b) recommended that 67 percent of the first-crack
stress be used for 10° cycles of load in conventionally
reinforced SFRC beams. Schrader (1971) has shown
that the post-fatigue load-carrying capacity of SFRC
beams is improved, but that the presence of conven-
tional reinforcing bars overshadows the fatigue and
static strength improvements obtained when comparing
SFRC beams to beams with no conventional reinforc-
ing.

Kormeling, Reinhardt, and Shah (1980) tested con-
ventionally reinforced concrete beams with and with-
out fibers in fatigue loading up to 10 million cycles. It
was observed that the addition of fibers to convention-
ally reinforced concrete beams increased the fatigue life
and decreased deflections and crack widths for a given
number of dynamic cycles. The beneficial effect of fi-
bers decreased with increasing volume of conventional
reinforcement.
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3.3—Shearin beams

There are considerable laboratory data indicating
that fibers substantially increase the shear (diagonal
tension) capacity of concrete and mortar beams. Steel
fibers show several potgntial advantages when used to
supplement or replace vertical stirrups or bent-up steel
bars. These advantages are: (1) the fibers are randomly
distributed through the volume of the concrete at much
closer spacing than can be obtained with reinforcing
bars; (2) the first-crack tensile strength and the ulti-
mate tensile strength are increased by the fibers; and (3)
the shear-friction strength is increased. -

It is evident from a number of tests that stirrup and
fiber reinforcement can be used effectively in combi-
nation. However, although the increase in shear capac-
ity has been quantified in several investigations it has
not yet been used in practical applications. This section
presents the results of some of the studies dealing with
the effect of steel fibers on shear strength in beams and
slabs. It is important to identify the type and size of fi-
ber upon which the design is based.

Batson et al. (1972a), using mortar beams 4 x 6 x 78
in. (100 x 150 x 2000 mm), conducted a series of tests
to determine the effectiveness of straight steel fibers as
web reinforcement in beams with conventional flexural
reinforcement. In tests of 96 beams, the fiber size, type,
and volume concentration were varied, along with the
shear-span-to-depth ratio a/d, where ¢ = shear span
(distance between concentrated load and face of sup-
port) and d = the depth to centroid of reinforcing bars.
(Shear capacity of rectangular beams may be consid-
ered a function of moment-to-shear ratio a/d or
M/ Vd.) Third-point loading was used throughout the
test program.

It was found that, for a shear-span-to-depth ratio of
4.8, the nonfiber beams failed in shear and developed a
shear stress at failure of 277 psi (1.91 MPa). For a fi-
ber volume percent of 0.88, the average shearing stress
at failure was 310 psi (2.14 MPa) with a moment-shear
failure; for 1.76 volume percent, 330 psi (2.28 MPa)
with 2 moment failure; and for 2.66 volume percent,
352 psi (2.43 MPa), also with a moment failure. The
iatter value represents an increase of 27 percent over the
nonfiber beams. The shear stress at failure for beams
with #3 [¥-in. (9.5-mm) diameter] stirrups at 2-in. (50-
mm) spacing in the outer thirds averaged 315 psi (2.17
MPa). All shearing stresses were computed by the
equation v = VQ/Ib.

‘It was found that as the shear-span ratio decreased
and fiber volume increased, higher shear stresses were
developed at failure. For example, for an a/d of 3.6
and a volume percent of fiber of 0.88, the shear stress
at failure was 444 psi (3.06 MPa) with a2 moment fail-
ure; for an a/d of 2.8 and a fiber volume percent of
1.76, the shear stress at failure was 550 psi (3.79 MPa)
and a moment failure.

Paul and Sinnamon (1975) studied the effect of
straight steel fibers on the shear capacity of concrete in
a series of seven tests similar to those of Batson et al.
(1972a). The objective was to determine a procedure for
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Fig. 3.2—Shear behavior of reinforced fibrous concrete beants

predicting the shear capacity of segmented concrete
tunnel liners made with steel fit--¢ reinforced concrete.
Their results agreed closely with Batson, especially for
beams with similar a/d ratios.

Williamson (1978), working with conventionally,

reinforced beams 12 x 21.5 in. x 23 ft (305 x 546 x 7010
mm), found that when 1.66 percent by volume of
straight steel fibers were used in place of stirrups, the
shear capacity of the beams was increased 45 percent
over a beam without stirrups. Nevertheless, the beams
failed in shear. This is consistent with the results of
other investigators. When steel fibers with deformed
ends were used (1.1 percent by volume), the shear ca-

pacity was increased by’ 45 to 67 percent and the beams °

failed in flexure.

Williamson (1978) concluded that, based upon the
use of steel fibers with deformed ends, steel fibers can
increase the shear strength of concrete beams enough to

. prevent catastrophic diagonal tension failure and to

force the beam to fail in flexure. In his report, Wil-
liamson (1978) presents an analysis showing that steel
fibers can present an economical alternative to the use
of stirrups in reinforced concrete design.

Tests of crimped-end fibers have shown considerable
increase in the shear capacity of reinforced concrete in
other studies. Some of the tests at the New Jersey Insti-
tute of Technology (Craig 1983) have shown increases
of more than 100 percent. Twelve full-scale test beams
with 1.0 and 1.5 percent by volume of 0.020 x 1.18 in.
(0.5 x 30 mm) long crimped-end fibers were tested with
the following span-to-depth ratios: a/d = 1.0, 1.5, 2.0,
2.5, and 3.0. The beams had a 6 x 12 in. (150 x 300
mm) section. The increases in shear capacity for the 1.0
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and 1.5 percent fiber content with a/d = 1.5 were 12
and 140 percent, respectively. Similarly, the increase :
a/d = 3.0 was 108 percent for 1.0 volume percent ¢
fiber. The combination of stirrups and fibers showe
slow and controlled cracking and better distribution ¢
tensile cracks, and minimized the penetranon of she:
cracks into the compression zone.

It was also found that when fibers with crimped end
were the only shear reinforcement, there was a signif
cant decrease in diagonal tension cracking in the beam:
Fig. 3.2 shows the results of the tests reported by Crai
(1983) and compares them with other test results.

Bollano (1980) investigated the behavior of steel f
bers as shear reinforcement in two-span continuous!
reinforced concrete beams. These tests indicate the be
havior in shear for the common range of M/ Vd ratic
for negative moment regions (M/Vd = 2 to 3, equivz
lent to a/d for simple beams). It is generally assume
that the M/ Vd concept can be used equally well in sirr
ply supported and continuous beams, but this is nc
entirely true for the beams investigated. The a/d rati
was 4.8 and the M/Vd ratio was 3.0. The regular reir.
forced concrete beam V/bdJf! ranged from 3 to ¢

‘whereas this parameter for the beams with straight an

crimped-end fibers ranged from 5 to 8, showing signil
icant improvement with the addition of fibers.
Criswell (1976) conducted a number of differen
shear tests, all of which demonstrated an increase
shear capacity with the use of steel fibers. All of hi
tests were made with concrete containing 1.0 percent b’
volume of straight fibers. The results of four shear
friction specimens showed a 20 percent increase in shea
strength; bolt pullout tests showed a shear strength i
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excess of 64 percent greater than that for the nonfiber

.concrete; slab-column connection specimens developed

shearing strengths 27 percent greater than the nonfiber
specimens; and beam-column shear tests resulted in
shear strengths up to 60 percent greater.

Sharma (1986) tested 7 beams with steel fiber rein-
forcement, of which 4 also contained stirrups. The fi-
bers had deformed ends. Based on these tests and those
by Batson et al (1972a) and Williamson and Knab
(1975), he proposed the following equation for predict-
ing the average shear stress v, in the SFRC beams. (In
the equation that follows, a typographical error in
Sharma's 1986 paper has been corrected.)

2 d‘ 0.25 .
vy =21 (—) (3-7)

where f/ is the tensile strength of concrete obtained

. from results of indirect tension tests of 6 x 12 in. (150

x 300 mm) cylinders, and d/a is the effective depth-to-
shear-span ratio. Straight, crimped, and deformed-end
fibers were included in the analysis and the average ra-
tio of experimental to calculated shear stress was 1.03
with a2 mean deviation of 7.6 percent. The influence of
different fiber types and quantities is considered
through their influence on the parameter /. The pro-
posed design approach follows the method of 21 318
for calculating the contribution of stirrups to the shear
capacity, to which is added the resisting force of the

concrete galculated from the shear stress given by Eq. -

3-7.

An additional design procedure for shear and torsion
in composite reinforced concrete beams with fibers has
been published by Craig (1986).

3.4—Shear in slabs _

The influence of steel fiber reinforcement on the
shear strength of reinforced concrete flat plates was in-
vestigated by Swamy et al. (1979) in a test series on four
slabs with various fiber contents (0, 0.6, 0.9, and 1.2
percent by volume). The slabs were 72 x 72 x 5 in. (1830
X 1830 x 125 mm) with load applied through a square
column stub 6 x 6 x 10 in. (150 x 150 x 250 mm). All
slabs had identical tension and compression reinforce-
ment, and the steel fibers had crimped ends and were
0.02 x 2 in. (0.5 x 50 mm) long. The shear strength in-
creases were 22, 35, and 42 percent for the 0.6, 0.9, and
1.2 percent by volume fiber contents, respectively.

3.5—Shotcrete

Steel fiber shotcrete has been used in the construc-
tion of dome-shaped structures using the infla-
tion/foam/shotcrete process (Williamson et al. 1977;
Nelson and Henager 1981). Design of the structures
follows the coaventional structural design procedures
for concrete domes, taking into account the increased
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compressive, shear, and flexural properties of fibrous
concrete.

This material is also used for underground support
and linings, rock slope stabilization, repair of deterio-
rated concrete, etc. (Kobler 1966; Shah and Skarendah!
1986; Morgan and McAskill 1984). A research effort
carried out in a side chamber of an Atlanta subway
station to examine shotcrete support in loosening rock
is reported by Fernandez-Delgado et al. (1981).

A significant quantity of steel fiber reinforced shot-
crete has been used throughout the world, and a state-
of-the-art report has been prepared by ACI Committee
506 (ACI 506.1R). That report also contains informa-
tion on material properties, application procedures, and

*mixtures.

3.6—Cavitation erosion

Failure of hydraulic concrete structures is often pre-
cipitated by cavitation-erosion failure of the concrete.
SFRC was used to repair severe cavitation-erosion
damage that occurred in good quality conventional
concrete after relatively short service at Dworshak,
Libby, and Tarbella Dams (ICOLD 1982; Schrader and -
Munch 1976a).. All three are high-head structures ca-
pable of large flows and discharge velocities in excess of
100 fps (30.5 mps).

At Libby and Dworshak, both the outlet conduits
and stilling basins were repaired. At Tarbella, fiber
concrete was used as topping in the basin and ogee
curve leading from the outlet conduit to the basin. All
three projects have performed well since the repairs. It
should be noted, however, that while SFRC improves
resistance to erosion from cavitation, it does not im-
prove resistance 1o erosion from abrasion or scouring
(see Section 2.8).

3.7—Additional applications

There are several applications of SFRC that have in-
volved a considerable volume of material, but which do
not have well defined design methods specifically for
SFRC. Among these are fence posts, sidewalks, em-
bankment protection, machinery foundations, machine
tool frames, manhole covers, dolosse, bridge deck ex-
pansion joints (nosings at joints to improve wear and
impact resistance), dams, electric power manholes,
ditch linings, mine cribbing, liquid storage tanks, tilt-up
wall construction, and thin precast members (see also
Shah and Batson 1987).
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CHAPTER 5 — NOTATION

a = depth of rectangular stress block

a = shear span, distance between concentrated load and face o!
suppon

A, = area of tension reinforcement bars

b = width of beam
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web or width of a rectangular beam

distance from extreme compression fiber to neutral axis
compressive force

distance from extreme compression fiber to centroid of ten-
sion reinforcement

fiber diameter (for 2 noncircular fiber, an equivalent fiber
diameter is the diameter of a circle with the same area as the
fiber)

distance from extreme compression fiber to top of tensile
stress block of fibrous concrele

modulus of elasticity

modulus of elasticity of steel

= compressive strength of concrete

splitting tensile strength

= modulus of rupture

o

il

yield strength of reinforcing bar

bond efficiency factor

total depth of beam

moment of incrtia of section

nominal moment capacity of section

factored moment at beam section

fiber length

aspect ratio = f{iber length/fiber diameter

fiest statical moment of an area about the neutral axis

T, = teo-’le force of fibrous concrete = g, b (h —~ ¢)

T, = tensile force of bar reinforcement = A/,

v . = f{iber volume concentration or volume fraction (not percent-
age) ‘ ‘

v = shear stress at section

v, = average shear stressin SFRC beam

V = shear force at section

V., = nominal shear strength provided by concrete

¥, = volume fraction of fibers (1 ~ V)

V. = volume fractioo of the matrix (I — V)

¥, = factored shear force at beam section

¢, = compressive strain in concrete

€, = tensile strain in steel

o, = first crack composite flexural strength :

¢. = ultimate composite flexural strength

g, = teaosile stress in fiber

¢, = teasile stress in {ibrous concrete

r, = dynamic bond stress between fiber and matrix

p; = percent by volume of fibers

p. = AJbd

¢ = capacity reduction factor

This report was submitted to letter ballot of the commitiee and was 2p-
proved in accordance with ACI balloting requirements.
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improvements in many of the engineering properties of
mortars and concrete. Impact strength is greatly im-
proved as is the toughness. The flexural strength, fa-
tigue, strength, and the ability to resist cracking and
spalling are also enhanced. More detailed information
on properties may be found in references listed in
Chapter 8.

1.3 — Typical uses of steel fiber reinforced
concrete

Generally, when used in structural applications, steel
fiber reinforced concrete should only be used in a sup-
plementary role to inhibit cracking, to improve resis-
tance to impact or dynamic loading, and to resist ma-
terial disintegration. In structural members where flex-
ural or tensile loads will occur, such as in beams, col-
umns, suspended floors, (i.e., floors or slabs not on
grade) the reinforcing steel must be capable of support-
ing the total tensile load. In applications where the
presence of continuous reinforcement is not essential to
the safety and integrity of the structure, e.g., pave-
ments, overlays, and shotcrete linings, the improve-
ments in flexural strength associated with the fibers can
be used to reduce section thickness or improve per-
formance, or both. The following are some examples of
structural and nonstructural uses of SFRC:

* Hydraulic structures — Dams, spillways, stilling
basins, and sluiceways as new or replacement slabs or
overlays to resist cavitation damage. See Reference 5.

* Airport and highway paving and overlays — Par-
ticularly where a thinner than normal slab is desired.

¢ Industrial floors — For impact resistance and re-
sistance 1o thermal shock.

sRefractory concrete — Using high-alumina cement
in both castable and shotcreted applications. See Ref-
erences 6 and 7..

* Bridge decks — As an overlay or topping where
the primary structural support is provided by an under-
lying reinforced concrete deck. :

* In shotcrete linings — For underground support in
tunnels and mines, usually with rock bolts.

* In shotcrete coverings — To stabilize aboveground
rock or soil slopes, e.g., highway and railway cuts and
embankments. See Reference 8.

¢ Thin shell structures — Shotcreted *‘foam domes.”

© Explosion-resistant structures — Usually in combi-
nation with reinforcing bars.

* A possible future use is in seismic-resistant struc-
tures.

1.4 — Specifying steel fiber reinforced concrete

1.4.1 General — Stee] fiber reinforced concrete is
usually specified by strength and fiber content. The
flexural strength is normally specified for paving appli-
cations while compressive strength is normally speci-
fied for structural applications. A flexural strength of
700 to 1000 psi (4.8 to 6.9 MPa) at 28 days and a com-
pressive strength of 5000 to 7000 psi (34.5 to 48.3 MPa)
are typical values. In general the addition of fibers does

W.ANUAL OF CORCRETE PRACTICE

not significantly increase compressive sirength but does

increase the compressive strain at ultimate Joad. The

changes in mixture proportions to accommodate the fi-

bers do have a significant influence on the compressive-
strength. -

For normal weight concrete, {iber contents have been
used from as low as 50 IbZyd* (30 kg/m?) 10 as high as
265 Ib/yd? (157 kg/m?®) although the high range limit is
usually about 160 to 200 1b/yd? (95 to 118 kg/m?). Steel
fibers have also been used in lightweight concrete, but
data are not generzlly available. The amount that can
be used, and the amount needed for a particular appli-
cation, depends upon the fiber shape and aspect ratio*®
as well as the end use. See References 1 through 4 and
10 or consult fiber manufacturers for additional infor-
mation. In terms of volume percentage for normal
weight concrete, 50 1b/yd® = 0.38 percent by volume;
160 Ib/yd® = 1.2 percent by volume; and 265 lo/yd? =
2.0 percent by volume. ’

Toughness, which is the area under a load-deflection
curve, or a toughness index, which is a function of that
area, may be determined 10 help define the perform-
ance requirements of SFRC intended for use where
post-cracking energy absorption or resistance to failure
after cracking is important. These properties would be
important in applications such as structures subjected
to earthquakes or explosive blasts, impact loads, cavi-
tation loads, thermal shock, and other dynamic loads. A

. standard test for flexural toughness is being prepared

by the ASTM subcommittee on Fiber Reinforced Con-
crete, After such a standard test has been adopted and
more experience gained in the relationship of toughness
to performance, it may be practical 1o use toughness as
a performance standard for SFRC.

As noted in subsequent chapters, the manufacture
and placing of SFRC is very similar to conventional
concrete. Most existing concrete specifications can be
used for the manufacture and placement of SFRC with
some added requirements to account for the differ-
ences in materials and techniques. The subsequent
chapters point out those differences.

1.4.2 Guidelines for specifying ready-mixed SFRC
using ASTM C 94 — ASTM C 94 may be used to spec-
ify steel fiber reinforced concrete. When using ASTM
C 94, the purchaser should state that mixture propor-
tions should be in accordance with Alternative No. 1,
2, or 3, except that flexural strength at 28 days may be
specified for the strength requirement instead of com-
pressive strength. For structures, however, the com-
pressive strength may govern. See Section 1.4.1. Flex-
ural strength should be determined in accordance with
ASTM C 78 using 4 X 4 X 14 in. specimens on a 12-
in. span (100 x 100 x 350 mm - 300 mm span) as rec-
ommended in AC] 544.2R. See ACI] 544.2R for addi-
tional guidance on testing, e.g., specimens representing
the design depth. The alternative methods in ASTM
C %4 as applied 1o this guide are

*The aspect rutio of & fiber is its length divided by its diameter, £/d.
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ACI Committee Reports, Guides, Standard Practices, and
Commentaries are intended for guidance in designing, pilan-
ning, executing, or inspecting construction and in preparing
specifications. Reference to these documents shall not be made
in the Project Documents. If items found in these documents
are desired 1o be part of the Project Documents, they should
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Project Documents.

This guide describes the current technology in specifying, mixing,
placing, and finishing of steel fiber reinforced concrete (SFRC). Much
of the current conventionai concrete practice applies to SFRC. The
emphasis in this guide is to describe the differences between conven-
tional concrete and SFRC and how to deal with them. Guidance is
provided in mixing techniques to achieve uniform mixtures, place-
ment techniques to assure adequate compaction, and finishing tech-
niques to assure satisfactory surface textures. Sample mix propor-
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CHAPTER 1 — GENERAL
1.1 — Scope
This guide covers specifying, mixing, placing, and
finishing of steel fiber reinforced concrete (SFRC).

1.2 — Steel fiber reinforced concrete—General

Steel fiber reinforced concrete is a composite mate-
rial made of hydraulic cements, fine or fine and coarse
aggregate, and a dispersion of discontinuous, small,
steel fibers. It may also contain pozzolans and addi-
tives commonly used with conventional concrete.

The addition of these fibers in amounts from 50 10
200 1b/yd® (30 to 118 kg/m?)* can provide significant

+0.38 to 1.5 percent by volume (for normal weight concrete - 145 lb/f.(‘).

Copvright © 1984, American Concrete Institute. All rights reserved includ-
ing rights of reproduction and use in any form or by any means. including the
making of copics by any photo process, or by any ciectronic or mechanical de-
vice. printed out or written or oral, or recording for sound or visual reproduc-
tion or for use in any knowledge or retricval sysiem or device, unless permis-
sion in writing is obtained from the copyright proprictors.

544.3R-1
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Alternative 1: The purchaser assumes responsibility
for mixture proportions and specifiés them including
cement content, maximum allowable water content,
and the type, name, and dosage of admmtures if ad-
mixtures are to be used.

Alternative 2: The purchaser requires the concrete
supplier to assume responsibility for selecting mixture
proportions and specifies a minimum flexural or com-
pressive strength.

Alternative 3: The purchaser requires the concrete
supplier to assume responsibility for selecting mixture
proportions, but with a minimum allowable cement
content specified, along with the required minimum
flexural or compressive strength and the type, name,
and dosage of admixtures to be used.

For those projects electing to use Alternative 1, typi-

cal airfield paving mixtures are shown in Chapter 3 as -

examples of mixtures that have been used for paving
and similar applications. Note that the amount of fiber
to suit the particular application must be selected and
specified. Adjustments to these mixtures, as may be re-
quired for workability, placeability, surface texture,
yield, or other properties, should be made and evalu-
ated during trial mixture or preconstruction testing, and
final mixture proportions should be selected during the
first day or so of actual construction.

CHAPTER 2 — MATERIALS

2.1 — General

Cement, pozzolans, aggregates, water, admixtures,
reinforcing steel, and other conventional materials to be
‘used for steel fiber reinforced concrete should conform
to the same nationally recognized specifications used
for conventional concrete. Since these specifications are
named in other ACI publications, many are not re-
peated here, Titles for those that are referenced in this
guide are shown in Chapter 8 — Information Sources.

22 — Aggregates

The fine aggregate should meet the gradation re- .

quirement given in ASTM C 33. The coarse aggregate
should be ASTM C 33 size No. 8 or equivalent for
nominal % in. (9 mm) maximum size aggregate mix-
tures and should be size No. 67 or equivalent for % in.
(19 mm) maximum size aggregate mixtures. Aggregate
sizes larger than % in. (19 mm) are not generally used
in SFRC.

2.3 — Fibers

A specification for steel fibers (A 820) is being pre-
pared by the ASTM but has not yet been published. In
the interim, fibers are commonly specified by brand

name or, for public works, by a short specification de- ‘

scription which usually includes a minimum ultimate
tensile strength (they are available from 50,000 psi up
to 300,000 psi), a minimum desired aspect ratio £/d,
and any other desired features such as end anchorage
provisions, deformations, or collating. The specifier
should consult the fiber manufacturers for details.

§44.3R-3

Steel fibers should be clean, free of rust, oil, and
deleterious materials. Steel fibers should have an aspect
ratio, i.e., fiber length divided by diameter (or equiva-
lent diameter,® in the case of nonround fibers), in the
range of 30 to 100 for lengths of 0.5 to 2.5 in: (12.7 to-~
63.5 mm).

2.4 — Admixtures v

« Calcium chloride should not be added to steel fi-
ber reinforced concrete in excess of amounts permitted
to be added to conventional structural concrete as
shown in ACI 318-83, Table 4.5.4.

e Water-reducing admixtures are recommended.
Both regular and high-range (superplasticizer) water re-
ducers are suitable.

s Air-entraining admixtures are recommended for
SFRC exposed to freezing and thawing conditions.

2.5 — Storage-of fibers

Care should be taken to see that steel fibers are
stored in a manner that will prevent their deterioratior
or the intrusion of moisture or foreign matter. If fibers
deteriorate or become contaminated, they shiould not be
used.

CHAPTER 3 — TYPICAL MIXTURE
PROPORTIONS
3.1 — Mixture proportions

As with conventional concrete, SFRC mixtures em
ploy a variety of mixture proportions depending upot
the end use. They may be specially proportioned for « .
project or selected to be the same as a mixture usec
previously. In either case, they must be adjusted fo.
yield, workability, and other factors as noted in Sec-
tion 1.4.2.

A procedure for proportioning of SFRC mixtures
with emphasis on good workability, is available.” Typi-
cal proportions that have been used for airfield pavin;
mixtures are shown in Table 1. In addition, AC
544.1R, Chapter 3, discusses SFRC mixtures and in
cludes a table showing the range of proportions fo
normal weight fiber reinforced concrete.

CHAPTER 4 — FORMWORK AND
REINFORCING STEEL

4.1 — Formwork

Design and construction of formwork should be don
according to ACI 347. Normal weight SFRC with a f
ber content up to two percent by volume has a density i
the same range as normal weight conventional concrel
— 144 to 150 Ib/fr (2306 to 2403 kg/m’). The fibers i
steel fiber reinforced concrete have a tendency to pr¢
trude from sharp corners of formed concrete. The:
may be hazardous to personnel. To minimize this
sharp. corners should be chamfered. Alternately,
rounded corner may be formed by applying a pressur

“The equivalent diameter of a fiber is the diameter of 2 round fibee hav
the same cross-sectional area A as the fiber in question; cquivalent diameter
wiA/ T,
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sensitive 1ape to the inside of sharp corners in the
forms. On formed surfaces, use of a form vibrator will
cause the fibers to back away from the form leaving
them covered by about % in. (3 mm) of concrete.
Formwork must be designed for the additional stress
caused by the vibration. Consult ACI 347 for further
information.

4.2 — Reinforcing steel

Fabricating and placing reinforcing steel should be in
accordance with ACI 301. Steel fiber reinforced con-
crete is routinely used in conjunction with reinforcing
steel.

CHAPTER 5 — BATCHING, MIXING, DELIVERY,
AND SAMPLING
5.1 — General

Batching, mixing, delivery, and sampling of steel fi-
ber reinforced concrete should be in accordance with
ASTM C 94, Ready-Mixed Concrete, or applicable
portions of ACI 304, Measuring, Mixing, Transport-
ing, and Placing Concrete, as modified and supple-
mented by the following.

The contractor should supply appropriate equipment
or develop a suitable technique for dispersing the fibers
in the mixer free of fiber clumps. The equipment and/
or method of adding the fibers to the mix should be re-
viewed and accepted by the project engineer before any
placement of SFRC takes place.

The baiching procedure is critical 1o obtaining a good

blend of the fibers with the concrete. Several methods
have previously been used with success, and informa-
tion to assist the contractor in the choice of a suitable
procedure may be obtained from fiber manufacturers.
Any SFRC which is not properly batched and which
develops dry clumps of fibers or a significant number
of wet fiber balls (which include fibers and matrix)
should be discarded and removed from the site.

The contractor should perform a full-scale trial
batching, charging, and mixing operation with a mini-
mum of 80 percent of the planned operational batch
size at least eight days* prior to the first SFRC place-
ment. The owner’s engineer should observe the opera-
tion and recommend adjustments in the mixture pro-
portions at the time to help obtain a workable mixture
at a low water-cement ratio. Additional batches may be
necessary to verify the mixture adjustments and plant
efficiency. The contractor should conduct quality con-
trol tests for the trial batches and the owner may elect
to cast test specimens for quality assurance. At the time
of the test batch, the contactor should have on hand a
working vibrator of the type 1o be used in the actual
placements. The behavior of the trial batch under this
vibration should be observed to provide guidance un-
der actual construction operations.

Mixers generally should not be batched over 85 per-
cent of their rated capacity' for SFRC. The mixing
time should be sufficient to uniformly distribute the fi-
bers in the mixture.
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Table 1 — Steel fiber reinforced concrete
mixtures used in the construction of airfield

paving*
Mixture Number 2,
Mixture Number 1, Ya in. {19 mm)
¥% in, (9 mm) aggregate aggregaie with pozzolan
with pozzolan or My ash or fly ash
Cement SOO‘_Ib/yd’ - - 525 Ib/yd’
(296 kg/m’) (311 kg/m?)
Fly ash or pozzolan 235 lb/yd 250 lb/yd?
(139 kg/m?)

- Stecet fibers®

Coarsc aggregate®
[¥ in. ($ mm) max])
[% in. (19 mm) max}

1470 lb/yd* (872 kg/m’?)

(148 kg/m%)

1330 Ib/vd’ (789 kg/m”)

Sand 1370 Ib/yd? 1440 1b/yd*
(812 kg/m") (854 kg/m?)
Water* 255 Ib/yd? 283 lb/yd?
(151 kg/m?) (168 kg/m?*)
Additives

Water reducers

. er manufacturer's in ions.
(normal or high range) | P& ™ cuures’s instructions

Per manufacturer's recommendation for 6 percent
air when subject 10 freezing and thawing
conditions.

Alr-entraining agent

*These mixture proportions are given 25 examples. The exact mixture pro-
portions required to produce 1 yd® (or | m’) for any given project will depend
on 2 number of factors, such as the specific gravity of the materials and the
water and air content of the mixture. Each mixture should be designed 10 yield
correctly. These mixtures have been placed by slipform pavers.

'Fiber content of these airfield paving mixtures varied from 83 Ib/yd® 1o 140
ib/vd® (49 10 83 kg/m’). Flexural strengths ranged from 1050 1o 1100 psi (7.2
to 7.6 MPa) at 28 days.

‘Aggregates larger than % in. (19 mm) are not generally used in steel fiber
concrete. If larger aggregates are used, the use of longer fibers should be con-
sidered.

§Water content varies depending upon amount and type of water reducer,
workability achievad with the aggregates used, and other factors. Field adjust
to opumum for strength and workability.

5.2 — Mixing

There are some important differences in mixing
SFRC in a transit mixer or revolving drum mixer com-
pared to conventional concrete. One of these is that to
obtain good dispersion of the fibers and to prevent fi-
ber clumping, the fibers should be added to a fluid mix.

Methods 1 and 2, which follow, describe procedures
used to mix SFRC by adding the fibers to a fluid mix.
These methods generally apply to uncollated, individ-
ual fibers. Fibers collated into bundles of about 30 fi-
bers per bundle using a water-reactive glue may be
dumped directly into a {luid mix as the last step (i.e.,
similar to Method | below) with little or no likelihood
of fiber clumping. Also, certain types of individual fi-
bers of large diameter, [e.g., 0.035 in. (0.9 mm) equiv-
alent diameter half rcund fibers up to 2% in. (63 mm)
long) and conventional round or rectangular fibers
with an aspect ratio less than 50 may generally be added
to a fluid mix as the last step with little or no likeli-
hood of fiber clumping.

Method 1: Add fibers last to transit mix truck

1. The wet mixture to be used is prepared first with-
out the fibers. The slump of the concrete before fiber
addition should be 2 1o 3 in. (51 to 76 mm) greater than
the final slump desired. Normally, the mixture would
be prepared using the water-cement ratio found to give
the best results and meeting the mixture design specifi-
cations for the job.

*To allow timc 10 make appropriale 7-day tests.
“This figure may be ruised to 100 percent il it can be shown that the equip-
ment is cepable of producing 8 vniformly mixed product.
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2. With the mixer operating at normal charging
speed, add the fibers as described in 3.

3. Add the individual fibers, clump-free (i.e., as a
rain of individual fibers), to the mixer. A convenient
way to'do this is to dump the fibers through a 4 in. (100
mm) mesh screen into a hopper which opens onto a
moving conveyor belt going to the mixer. [t is impor-
tant that no clumps be introduced; once a clump is in-
troduced into the mixture, it will remain a clump. The
drum must rotate fast enough to carry away the fibers
as they enter the mixture, and the fibers should land on
the mixture. With all fibers introduced into the mix-
er, it should be slowed to the rated mixing speed and
mixed for approximately 30-40 revolutions.

Method 2: Add fibers to aggregate on a conveyor belt
In a plant set up to charge a central mixer or transit
mixers, add the fibers by a shaker or through a hopper
to the fine aggregate on a conveyor belt during aggre-
gate addition and mix in the normal manner. This
method does not require the same care as Method 1 as
to where the fibers land in the mixer, but they should
not be allowed to pile up and form clumps on their way
to the mixer. If possible, the operator should stretch
out the addition of aggregate so that fibers go in with
the aggregate and not by themselves. A fiber feeder or
shaker is useful in reducing the time for fiber handling
and addition. Method 2 has been used for the majority
of fibrous concrete projects where large quantities of
concrete were mixed using bulk individual fibers.

5.3 — Causes of fiber clumping

The following listing of causes of fiber clumping may
be useful in designing-a plant or mixing sequence for
fibrous concrete or correcting the problem in a mixing
operation. Most fiber clumping occurs somewhere be-
fore the fibers get into the mixture. Once the fibers get
into a mixture clump-free, they nearly always stay
clump-free. This means that if clumps form, it's be-
cause fibers were added so that they fell on each other
and they stacked up (in the mixer, on the belt, on the
vanes, etc.). This normally happens when the fibers are
added too fast at some point in the procedure. The
mixer, whatever type, must carry the fibers away into
the mixture as fast as they are added. Clumps can also
form by hanging up on a rough loading chute at the
back of a mixer truck. Fibers should not be allowed to
pile up or slide down the vanes of a partially filled
drum; this will form clumps.

Other causes of clumping are adding too many fibers
to a mixture (more than about 2 percent by volume or
even | percent of a fiber with a high aspect ratio); add-
ing fibers too fast to a harsh mixture (mixture is not
fluid enough or workable enough and the fibers don’t
get mixed in fast enough; therefore, they pile up on
each other in the mixer); adding fibers first to the mixer
(fibers have nothing to keep them apart, they fall on
each other and form clumps); and using equipment
with worn out mixing blades. The most common causes
of wet fiber balls are overmixing and using a mixture
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with too much coarse aggregate (more than about 50
percent).

CHAPTER 6 — PLACING AND FINISHING
6.1 — General )
Conventional concrete equipment is adequate for the
placing and finishing of nearly all steel fiber reinforced

- concrete. [nternal or external vibrators (including vi-

brating screeds) should always be used or the concrete
will have excessive pockets of entrapped air voids. Even
if a superplasticizer has been used, some vibration is
needed around reinforcing steel to avoid reduction of
bond to the bars.

The basic guide for placing concrete, ACI 304,
should be used for placing and finishing SFRC along
with the different techniques noted in the following.

6.2 — Workability and consistency
measurements

Because of the unique properties of SFRC, work-
ability measurements or slump requirements will be

~somewhat different from those of conventional con-
- crete. Acceptable workability of SFRC should te de-

termined by one of the following methods, and its use
should be specified in the contractual documents.

6.2.1 Time of flow through the inverted slump cone
— The inverted slump cone procedure (ASTM C 995)
may be used to determine the workability of SFRC.
This test apparatus consists of a conventional siumg
cone inverted, centered, and rigidly held by externa:
supports so that the small end of the cone is 3 in. (73
mm) off the bottom of a cne cubic foot yield bucke!
(ASTM C 29). The slump cone is loosely filled with an
uncompacted concrete sample. The test uses a vibrator
conforming to ASTM C 3l or C 192 witha 1l = % in.
(25 = 3 mm) diameter probe. The probe of the oper-
ating vibrator is allowed to fall under its own weigh
through the concrete in the slump cone to the bottor
of the bucket and its end is allowed to rest on the bot
tom of the bucket. The elapsed time from when the vi
brator first makes contact with the concrete until the
slump cone first becomes emptied is recorded as the in
verted-slump-cone time. The inverted-siump-cone tims
for SFRC should preferably be not more than about 3(
seconds nor less than about 10 seconds. These time:
may not suit all mixtures. Changes in fiber length anc
amount, cement content, sand content, air content, ag
gregate shape, and other factors may produce a differ
ent acceptable time. Also, the test is not applicable «
concrete that flows freely through the cone.

6.2.2 Slump test — The slump test may be specifiec
in the contractural documents to serve as a control tes
for consistency of SFRC from batch to batch, (In ad
dition to the slump test described in ASTM C 143, ¥
may be appropriate to perform the tests described it
ASTM C 138, C 173, and C 231 also.)

In general, the slump for steel fiber reinforced con
crete per ASTM C 143 should be at least 1 in. but no
greater than-4 in. (25 mm to 100 mm). However, th
same factors that influence inverted-slump-cone tim
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also influence the slump. When these factors are
changed, a different range may be acceptable. In any
event the specified water-cement ratio should be main-
tained. '

6.3 — Placing

Because of fibers, SFRC with the proper water-ce-
ment ratio appears very stiff and unworkable until sub-
jected to vibration. Then it usually places very easily.
The material tends to ‘*hang together’ and resist
movement or compaction if an attempt is made to han-
dle it without vibration. Batch plant operators and
transit truck drivers must be instructed not to add ad-
ditional water to the mixture based on its appearance
and their experience with conventional concrete.

Water-cement ratios for fibrous mixiures must be
carefully controlled. It is very easy 1o add unnecessary
water to the mixture and lose many of the beneficial
properties obtained from the addition of fibers. Ratios
on the order of about 0.43 10 0.50 are normal. Paving
mixtures and some special structural applications may
benefit from less workable, but much higher quality
concrete with the water-cement ratios in the range of
0.40 to 0.43. At the upper end of the water-cement
spectrum, tests have shown that further addition of
water causes an increase in slump without a change in
workability under vibration. This water addition re-
duces the quality of the mixture without improving the
placeability.

There are no special measures to take for placing
SFRC around reinforcing steel except to use vibration
to properly consolidate it. In a very thin wall or beam
form, e.g., 4 in. (100 mm) or less, which also contains
bars or mesh, placement of the concrete may be diffi-
cult, especially with longer fibers. This is similar to the
difficulties of placing conventional mixtures with larger
aggregate in thin, congested sections. When SFRC
mixtures are used in congested areas, a % in. (9 mm)
maximum aggregate size should be specified to reduce
placing difficulties.

6.4 — Transporting and handling equipment .
Transporting and placing of SFRC can be accom-
plished with most conventional equipment that is prop-
erly designed, maintained, and clean.
6.4.1 Transit trucks — Discharging from transit
trucks is usually accomplished with little trouble. Too
stiff a mixture or a truck in poor condition will prevent

the mixture from easily discharging from the back of.

the drum onto the chute. A well-proportioned mixture
usually just barely slides down the chute by itself and
may need to be pushed by the truck operator. When an
especially stiff mixture is used, the truck can be driven
up on blocks or a ramp to help discharging.

6.4.2 Concrete buckets — Concrete buckets should
have steep hopper slopes, be clean and smooth inside,
and have a minimum gate opening dimension of 12 in.
(300 mm). The fibers will bridge smaller gate openings
and the mix will not fall out of its own weight. A rem-
edy for bridging and an aid 10 placement is to provide
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a vibrator at the bucket when discharging. To facilitate
placement of especially stiff mixtures, a form vibrator-
can be attached to the side of the bucket and activated
when the gate is opened. Another procedure is to weld
pieces of pipe to the bucket exterior. Internal vibrators
can then be placed into the pipes to assist in emptying
the bucket.

6.4.3 Pumping — Pumping has been used to trans-
port SFRC on a number of projects. A good fiber mix-
ture generally has proportions of sand and admixtures
which make it well-suited for pumping. Gradations
suited to SFRC are also compatible with pumping. Al-
though a mixture may appear stiff and unworkable, i
may pump surprisingly well. Because of its composi-
tion, a SFRC mixture will move through the line with-
out slugs and has been reported to pump more easily
and more trouble-free than conventional concrete.
Some important points about pumping SFRC are (1]
use a pump capable of handling the volume and pres-
sures needed; (2) use a large diameter line, preferably at
least 6 in. (150 mm); (3) avoid flexible hose if possible;
(4) provide a screen over the pump hopper to preven:
any fiber clumps from entering the line. Abouta 2 x :
in. (80 x 75 mm) mesh is adequate; and (5) dc
not try to pump a fibrous mix that is too wet. Pumg
pressures can cause the fluid paste and fine mortar tc
squeeze out ahead of the rest of the mixture, resulting
in a mat of fibers and coarse aggregate without mortar
It must be noted that this is the result of a mixture tha
is too wet, not too dry. The same type of plugging car
occur with conventional concrete with the plug consist
ing of coarse aggregate devoid of paste and fine mor:
tar. Additional information on pumping is available ir
ACI 304.2R. Reference 10 describes proportioning of
SFRC mixes for pumping.

6.5 — Finishing

Steel fiber reinforced concrete can be finished with
conventional equipment, but minor refinements ir
techniques and workmanship are needed. For fla

- formed surfaces, normally no special attention it

needed. The surface will normally be smooth and no
show fibers when the forms are stripped. If chamfers o
rounds have been provided at the edges and in corners
the ends of fibers will not protrude at these points wher
forms are stripped. To provide added compaction anc
bury surface fibers, open slab surfaces should first be
struck off with a vibrating screed. The screed shoulc
have slightly rounded edges and preferably should bt
metal. In areas where a screed is not practical, a jitter:
bug* can be used for compaction and to establish rougt
grade control. Magnesium floats can be used to estab-
lish a surface and close up any tears or open areat
which are caused by the screed. Wood floats tend 1<
tear the surface and should not be used.

Throughout all finishing operations, care must b¢
taken not to overwork the surface. Overworking wil
bring excessive fines to the surface and may result ir

*A gratc tamper that forces aggregate and fibers below the surface.
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crazing which normally shows up after the curing pe-
riod. If bleeding occurs or excessive fines are at the
surface, the material should be scresded off and dis-
carded. ’

After completion of any float work, the surface
should be left until it can be worked further without
damage. This is usually about the time of initial set.
Where a careful finish is not required for appearance or
exact tolerance, no further work is needed after float-
ing. If a texture is required, a broom or roller can be
used prior to initial set. Burlap drags should not be
used because they will lift up the fibers and tear up the
surface. When additional finishing is needed, the next
step should be done with magnesium floats. Power
equipment or hand equipment may be used. When done
by hand, the float should be held flat and not on edge.
It should be moved with a sawing motion (short, quick,
back-and-forth movements) as it is drawn across the
surface. The magnesium float can be used to obtain a
nearly perfect, flat surface, bury or cover all the fibers,
and leave a slight texture. This can be followed by hard
steel troweling if a smooth surface is desired. The
trowel must be kept flat or the edge will cause fibers to
spring out of the surface, Using these techniques, some
excellent finishes of SFRC have been obtained. An ex-
ample of this is at Tarbela Dam where a curved spill-
way invert and flat stilling basin floor were completed
to close tolerances.

Slipform pavers have been used on several projects,
such as airport runways and taxiways, with excellent
results.

The proper time to execute a broom finish following
a screed finish or paving machine finish is just prior to
application of curing compounds when the water sheen
has practically disappeared.

6.6 — Hot and cold weather requirements
Placement of steel fiber reinforced concrete should

be done according to the recommendations of ACI

305R for hot weather and ACI 306R for cold weather.

6.7 — Repair of defects

The repair of defects such as voids and honeycomb-
ing is done much the same as for plain concrete. How-
ever, if removal of some SFRC is required, the removal
operation will be significantly more difficult because of
the greater toughness of SFRC.

Removal by jackhammers is hindered because the
material does not fracture easily. Sawing is a more ef-
fective method of cutting or removing steel fiber rein-
forced concrete.

6.8 — Contraction joints

Contraction joints in slabs are more easily made if
they are sawed rather than cast or formed. The sawing
can be done shortly after final set. At joints whereit is
desired to have a controlled shrinkage crack occur be-
low the sawed portion of the joint, it has been found
that the saw curt should extend from one-half to two-
thirds of the way through the slab. If it does not, the

S44.3R-

higher tensile strength of the SFRC tends to preven
cracking at the joint and random cracking occurs else
where in the slab. A joint sealing compound should &
used to seal the sawed joint to prevent water infiltrz
tion to the subgrade, and to prevent the corrosion ¢
those fibers and fiber ends that become exposed i
the saw cut and the crack below.

CHAPTER 7 — CURING AND PROTECTION
7.1 — General

Curing of steel fiber reinforced concrete and protec
tion from freezing or excessively hot or cold temper:
tures should be done the same as for conventional cor
crete. One aspect deserves special attention. Sinc
SFRC is often placed in thin sections, as overlays fc
example, and has a high cement content, it is partict
larly vulnerable to plastic shrinkage cracking. This wi
occur on warm days where it is exposed to direct sun ¢
a breeze. Such placements must be shaded from the su
and sheltered from the wind to prevent this type ¢
damage.

CHAPTER 8 — INFORMATION SOURCES

8.1 — Specified and/or recommended reference:

The standards of the American Society for Testir
and Materials and the standards and reports of tk
American Concrete Jnstitute referred to in this repo
are listed below with their serial designation, includir
the year of adoption or revision. The standards and r-
ports listed were the latest editions at the time this r
port was prepared. Since some of these publications a:
revised frequently, generally in minor details only, ti
user of this report should check directly with the spor
soring group-to refer to the latest edition.

American Concrete Institute

ACI 301-72 Specifications for Structural Co:
(Revised 1982) crete for Buildings

ACI 304-73 Recommended Practice for Me
{Reaffirmed suring, Mixing, Transporting, ar
1978) Placing Concrete

ACI 304.2R-71
(Revised 1982)
ACI 305R-77

Placing Concrete by Pumpir
Methods
Hot Weather Concreting

ACI 306R-78 Cold Weather Concreting

ACI 318-83 Building Code Requirements f
Reinforced Concrete

ACI 347-78 Recommended Practice for Co
crete Formwork

ACI 544,1R-82 State-of-the-Art Report on Fib
Reinforced Concrete

ACI 544 2R-78 Measurement of Properties of Fit

Reinforced Concrete

American Society for Testing and Materials

A 820 Standard Specification for Steel |
(To be published) bers for Fiber Reinforced Concre!
C 25-78 Standard Test Methods for Ur
' Weight and Voids in Aggregate
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C 31-83 Standard Method for Making and
Curing Concrete Test Specimens in
the Field

Cc3382 Standard Specification for Con-
crete Aggregates } .

C 78-75 . Standard Test Method for Flexura!

(Reapproved Strength of Concrete (Using Simple

1982) Beam with Third-Point Loading)

C 94-81 Standard Specification for Ready-
Mixed Concrete

C 138-81 Standard Test Method for Unit
Weight, Yield, and Air Content
(Gravimetric) of Concrete

C 143-78 Standard Test Method for Slump
for Portland Cement Concrete

C 173-78 Standard Test Method for Air Con-
tent of Freshly Mixed Concrete by

. the Volumetric Method

A 192-81 Standard Method of Making and
Curing Concrete Test Specimens in
the Laboratory

C 231-82 Standard Test Method for Air Con-
tent of Freshly Mixed Concrete by
the Pressure Method

C 995-83 Time of Flow of Fiber-Reinforced

Concrete Through Inverted Slump
Cone

The above publicationé may be obtained from the fol-
lowing organizations:

American Concrete Institute
P.C. Box 19150
Detroit, MI 48219

American Society for Testing and Materials
1916 Race Street
Philadelphia, PA 19103

MANUAL OF CONCRETE PRACTICE

B.2 — Cited references

General

i. ACl Committec 544, **Siatc-of-the-Art Report on Fiber Rein
forced Concrete,”” (ACIH 544.1R-82), American Concrete Institute
Detroit, 1952, 16 pp. Also, ACI Manual of Cancrete Practice, Pai
<

2. "*Fibre Concrete Materials: A Report Prepared by RILEM
Technical Commitice 19-FRC,” Materials and Struciures/Researci
and Testing (RILEM, Paris), Y. 10, No. 36, Mar.-Apr. 1977, pp. 103
120.

Properties of steel fiber concrete

3. Johnston, C. D., *‘Properties of Steel Fibre Reinforced Morta
znd Concrete,'" Proceedings, Symposium on Fibrous Concrete (CiS0
London, 1980), The Construction Press, Lancaster, 1980, pp. 25-47.

4. Henager, C. H., **Steel Fibrous Concrete—A Review of Testin;
Procedures,”” Proceedings, Symposium on Fibrous Concrete (Cig0
London, 1980), The Construction Press, Lancaster, 1980, pp. 16-28.

5. Houghton, D. L.; Borge, O. E.; and Paxton, J. H., **Caviia
tion Resistance of Some Special Concretes,”” ACl JourNaL, Pro
ce2dings V. 75, No. 12, Dec. 1978, pp. 664-667.

Refractory concrete

6. Lankard, D. R., ‘*Stecl Fiber Reinforced Refractory Concrete.’
Refractory Concrete, SP-57, American Concrete Institute, Detroit
1578, pp. 241-263. :

7. Hackman, L. E., “Application of Steel Fiber 10 Refraciory Re
inforcement,”” Proceedings, Sympositm on Fibrous Concrete (Ci80
London, 1980), The Construction Press, Lancasier, 1980, pp. 137
152,

Shotcrete

8. Henager, Charles H., *‘Steel Fibrous Shotcrete: A Summary o
the State-of-the-Ani,"" Concrete International: Design & Construc
tion, V. 3, No. 1, Jan. 1981, pp. 50-58.

Proportioning of steel fiber concrete mixes

9. Schrader. Ernest K., and Munch, Anthony V., **Deck Siab Re
paired by Fibrous Concrete Overlay,” Proceedings, ASCE, V. 102
COI, Mar. 1976, pp. 179-196. (Includes Appendix: Mix Design Pro-
cedures.)

0. Ounanian, Douglas W., and Kesler, Clyde E., *‘Design of Fi
ber Reinforeed Concrete for Pumping,’ Report No. DOT-TST 76T
17, Federal Railroad Administration, Washington, D. C., 1976, 5.
pp.

AC!I COMMITTEE 544

Charles H. Henager*
Chairman

George C. Hoff*

Fiber Reinforced Concrete

C.K. Wilson
Secretary

Colin O.D. Arrand
Claire Ball

Hiram P. Ball, Jr.
Gordon B. Batson
John F. Corey
Robert J. Craig
Marvin E. Criswell
James T. Dikeou
Melvyn A. Galinat
Antonio J. Guerra
Llpyd E. Hackman
Grant T. Halvorsen

Roop L. Jindal
Colin D. Johnston
Charles W, Josifek*
Joe Kebelman
David R. Lankard*
Brij M. Mago
Henry N. Marsh, Jr.~
D.R. Morgan

A.E. Naaman

John K. Parsons
Stanley L. Paul
Seth L. Pearlman

Ralph C. Robinson
E.K. Schrader*®
Morris Schupack

. Surendra P. Shah

Rodney J. Stebbins
R.N. Swamy

Peter C. Tatnall

B.L. Tilsen

John Wesley

Gilbert R. Williamson®*
Robert C. Zellers
Ronald F. Zollo

*Members of the subcommittee that prepared the report.

Corresponding Member:

Craig A. Ballinger

Ahaf Husszin

A.J. Majumdar

Charles Duncan Pomeroy
Rober: E. Price

Timothy F. Ryan

Alan W. Schwarz

Junji Takagi



ACI 210R-8"

Erosion of Concrete in Hydraulic Structures
Reported by AClI Committee 210 i

James R. Graham, Chairman

Patrick J. Creegan
Wallis S. Hamilton
John G. Hendrickson, Jr.
Richard A. Kaden

This report outlines the causes, control, maintenance, and repair of
erosion in hydraulic structures. Such erosion occurs from three ma-
jor causes: cavitation, abrasion, and chemical attack. Design param-
eters, materials selection and quality, environmental factors, and
other issues affecting the performance o concrete are discussed.

Evidence exists 10 suggest that given the operating characteristics
and conditions to which a hydraulic structure will be subjected, it can
be designed 1o mitigate future erosion of the concrete. All too ofien,
however, operational factors change or are not clearly known and
hence erosion of concrete surfaces occurs and repairs must follow.
This report briefly treats the subject of concrete erosion and repair
and provides numerous references 10 detailed ireatment of the sub-
Ject.
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CONTENTS
PART 1—CAUSES OF EROSION
Chapter 1—Introduction, page 210R-2
Chapter 2—Erosion by cavitation, page 210R-2
2.1—Mechanism of cavitation
2.2—Cavitation index
2.3—Cavitation damage

Chapter 3—Erosion by abrasion, page 210R-5
3.1—Geaeral
3.2—Slilling basin damage
3.3—Navigation lock damage
3.4—Tunnel lining damage

Chapter 4—Erosion by chemical attack, page
210R-7

4.1—Sources of chemical attack

4.2—Erosion by mineral-fres water

4.3—Erosion by miscellaneous causes

AC! Committee Reports, Guides, Standard Practices, and
Commentaries arc intended for guidance in designing, plan-
ning, exccuting, or inspecting construction and in preparing
specifications. Reference to these documents shall not be made
in the Project Documents. If items found in these documents
are desired 10 be part of the Project Documents they should
be phrased in mandatory language and incorporated into the
Project Documents.

James E. McDonald
Glen E. Noble
Ernest K. Schrader

PART 2—CONTROL OF EROSION )
Chapter 5—Controli of cavitation erosion, page
210R-8

S.1—Hydraulic design principles

5.2—Cavitation indexes for damage and construction tolerances

5.3—Using acration to control damage

5.4—Fatigue caused by vibration

5.5—Materials

5.6—Materials testing

5.7—Construction practices

Chapter 6 —Contro!l of abrasion erosion, page
210R-13

6§.1—Hydraulic considerations

6.2—Material evaluation

6.3—Materials

Chapter 7—Control of erosion by

chemical attack, page 210R-14
7.1—General
7.2—Control of erosion by mineral-free water
7.3—Control of erosion from bacterial action
7.4—Control of erosion by miscellancous chemical causes

PART 3—MAINTENANCE AND REPAIR OF
EROSION
Chapter 8—Periodic inspections and
-carrective action, page 210R-16

8.1—General

8.2—Inspection program

8.3—Inspection procedures

8.4—Reporting and evaluation

Chapter 9—Repair methods and materials, page
210R-17

9.1—Design considerations
9.2—Methods and materials

Chapter 10—References, page 210R-18

Appendix—Notation, page 210R-22

Copyright © 1987, American Concrete Institute. ]

All rights reserved including rights of r:producuon and use¢ in any form ¢
by any means, including the making of copies by any photo process, or by ar
electronic or mechanical device, printed, writien, or oral, or recording for sour
or visual reproduction or for use in any knowledge or retrieval sysiem or d
vice, unless permission in writing is obtained {rom the copyright proprictors.

Committee 210 recognizes with thanks the contributions of Jeanette M. B:
lenune, J. Floyd Best, Gary R, Mass, William D. McEwen, Myron B. Petro
sky. Melton J. Sicgall, and Stephen B. Tatro.

210R-1



210R-2

PART | — CAUSES OF EROSION
CHAPTER 1 — INTRODUCTION

Erosion is defined in this report as the progressive
disintegration of a solid by cavitation, abrasion, or
chemical action. This report is concerned with cavita-
tion erosion resulting from the collapse of vapor bub-
bles formed by pressure changes within a high-velocity
water flow; with the abrasion erosion of concrete in
hydraulic structures caused by water-transported silt,
sand, gravel, ice, or debris; and with disintegration of
the concrete by chemical attack. Other types of con-
crete deterioration are outside the scope of this report.

Ordinarily, concrete in properly designed, con-
structed, used, and maintained hydraulic structures will
undergo years of erosion-free service. However, for a
variety of reasons including inadequate design or con-
struction, or operational and environmental changes,
erosion does occur in hydraulic structures. This report
deals with three major aspects of such concrete ero-
sion:

Part 1 discusses the three major causes of concrete
erosion in hydraulic structures: cavitation, abrasion,
and chemical attack.

Part 2 discusses the options available to the designer
and user to control concrete erosion in hydraulic struc-
tures.

Part 3 discusses the evaluation of erosion problems
and provides information on repair techniques. Part 3
is not comprehensive, and is intended as a guide for the
election of a repair method and material.

CHAPTER 2 — EROSION BY CAVITATION
2.1 — Mechanism of cavitation

Cavitation is the formation of bubbles or cavities in
a liquid. In hydraulic structures, the liquid is water, and
the cavities are filled with water vapor and air. The
cavities form where the local pressure drops to a value
that will cause the water to vaporize at its ambient tem-
perature. Fig. 2.1 shows examples of concrete surface
irregularities which can trigger formation of these cav-
ities. The pressure drop caused by these irregularities is
generally abrupt and is caused by local high velocities
and curved streamlines. Cavities often begin to form
near curves or offsets in a flow boundary or at the cen-
ters of vortices.

When the geometry of flow boundaries causes
streamlines to curve or converge, the pressure will drop
in the direction toward the center of curvature or in the
direction along the converging streamlines. For exam-
ple, Fig. 2.2 shows a tunnel contraction in which a
cloud of cavities could start to form at Point ¢ and then
¢ollapse at Point d. The velocity near Point ¢ is much
higher than the average velocity in the tunnel up-
stream, and the streamlines near Point ¢ are curved.
Thus, for proper values of flow rate and tunnel pres-
sure at 0, the local pressure near Point ¢ will drop to
the vapor pressure of water and cavities will occur.
Cavitation damage is produced when the vapor cavities
collapse. The collapses that occur near Point d produce
very high instantaneous pressures that impact on the
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boundary surfaces and cause pitting, noise, and »
tion. Pitting by cavitation is readily distinguished
the worn appearance caused by abrasion because
tation pits cut around the harder coarse aggregate
ticles and have irregular and rough edges.

2.2 — Cavitation index

The cavitation index is a dimensionless measure
to characterize the susceptibility of a system to
tate. Fig. 2.2 illustrates the concept of the cavit:
index. In such a system, the critical location for

"tation is at Point c.

The static fluid pressure at Location 1 will be
pe+ v (2 — )

where p. is the absolute static pressure al Point c;
the specific weight of the fluid (weight per unit

U
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s

oz,

Fig. 2.3 — Cavitation erosion of intake wall of a navi-
gation lock at point of tunnel contraction

ume); z, is the elevation at Point ¢; and z, is the eleva-
tion at 0. :

The pressure drop in the fluid as it moves along a
streamline from the reference Location 0 to Location |
will be

Do — [pl + Y (Zr - ZO)]

where p, is the static pressure at 0.
The cavitation index normalizes this pressure drop to
the dynamic pressure ¥ p V§#

Po = [P + v (2. — o))
Y p Vi

(2-)

g =

‘where p is the density of the fluid (mass per unit vol-
ume) and V, is the fluid velocity at O.

Readers familiar with the field of fluid mechanics
may recognize the cavitation index as a special form of
the Euler number or pressure coefficient, a matter dis-
cussed in Rouse (1978).

If cavitation is just beginning and there is a bubble of
vapor at Point ¢, the pressure in the fluid adjacent 1o
the bubble is approximately the pressure within the
bubble, which is the vapor pressure p, of the fluid at
the fluid's temperature.

Therefore, the pressure drop along the streamline
from 0 to | required to produce cavitation at the crown
is ‘

Po — [pr + v (:r - <"<:)]

and the cavitation index at the condition of incipient
cavitation is

_ Pu — [p- - Y (:. - :u)]
.. - 1/: 0 V"I

(2-2)

It can be deduced from fluid mechanics considera-
tions (Knapp, Daily, and Hammiu 1970) — and con-

firmed experimentally — that in a given system cavita-

tion will begin at a specific 6,, no maticr which combi-
nation of pressure and velocity vields that a..

If the system operates at a ¢ above o,, the sy
does not cavitate. If ¢ is below ¢, the lower the »
of g, the more severe the cavitation action in a i
system. Therefore, the designer should insure tha

~operating o is safely above o, for the system’s cr

location. i

Actual values of g, for different systems differ n
edly, depending on the shape of flow passages
shape of objects fixed in the flow, and the loc:
where reference pressure and velocity are measure:

For a smooth surface with slight changes of sio
the direction of flow, the value of ¢, may be below
For systems that produce strong vortices, ¢, ma:
ceed 10. Values of o, for various geometries are §
in Chapter 5. Falvey (1982) provides additional i
mation on predicting cavitation in spillways.

Since, in theory, a system having a given geon
will have a certain o, despite differences in scale, ¢
useful concept in model studies. Tullis (1981) desc
modeling of cavitation in closed circuit flow. Ca
tion considerations (such as surface tension) in sc
from model to prototype are discussed in Knapp, C
and Hammitt (1970) and Arndt (1981).

2.3 — Cavitation damage

Cavitation bubbles will grow and travel with
flowing water to an area where the pressure field
cause collapse. Cavitation damage can begin at
point. When a cavitation bubble collapses or impl
close 10 or against a solid surface, an extremely
pressure is generated, which acts on an infinites
area of the surface for a very short time perioc
succession of these high-energy impacts will damag
most any solid material. Tests on soft metal show
tial cavitation damage in the form of tiny craters.
vanced stages of damage show an extremely rc
honeycomb texture with some holes that penetrat:
thickness of the metal. This type of pitting often o¢
in pump impellers and marine propellers.

The progression of cavitation erosion in concre
not as well documented as it is in metals. For |
classes of material, however, the erosion progrt
rapidly after an initial period of exposure slig
roughens the surface with tiny craters or pits. Pos
explanations are that: a) the material immediately
neath the surface is more vulnerable to attack; b’
cavitation impacts are focused by the geometry ol
pits themselves; or ¢) the structure of the material
been weakened by repeated loading (fatigue). In
event, the photograph in Fig. 2.3 clearly shows a
dency for the erosion to follow the mortar matrix
undermine the aggregate. Severe cavitation damage
tvpically form a Christmas-tree configuration on ¢
way chute surfaces downstream from the point of
gin as shown in Fig. 2.4.

Microfissures in the surface and between the mc
and coarse aggregate are believed to contribute 10
itation damage. Compression waves in the water
fills such interstices may produce tensile stresses w
cause microcracks to propagate. Subscquent comj
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Fig. 3.3 — Typical debris resuiting from abrasion ero-
sion of concrete

3.2 — Stilling basin damage

A typical stilling basin design includes a downsiream
sill from 3 to 20 ft (1 1o 6 m) high intended to create a
permanent pool to aid in energy dissipation of high-ve-
locity flows. Unfortunately, in many cases these pools
also trap rocks and debris (Fig. 3.3). The stilling basins
at Libby and Dworshak Dams, high-head hydroelectric
structures, were eroded to maximum depths of approx-
imately 6 and 10 ft (2 and 3 m), respectively. In the lat-
ter case, nearly 2000 vd* (1530 m") of concrete and bed-
rock were eroded from the stilling basin (Fig. 3.4). Im-
pact forces associated with turbulent flows carrying
large rocks and boulders contribute to the surface
damage of concrete. - .

There are many cases where the concrete in outlet
works stilling basins of low-head structures has also ex-
hibited abrasion erosion. Chute blocks and baffles
within the basin are particularly susceptible to abrasion
erosion by direct impact of waterborne materials. There

" also have been several cases where baffle blocks con-
nected to the basin training walls have generated eddy
currents behind these baffles, resulting in significant
localized damage to the stilling basin walls and floor
slab, as shown in Fig. 3.3

In most cases, abrasion erosion damage in stilling

basins has been the result of one or more of the follow-
ing: a) construction diversion flows through constricted
portions of the stilling basin; b) eddy currents created
by diversion flows or powerhouse discharges adjacent
to the basin; ¢) construction activities in the vicinity of
the basin, particularly those involving cofferdams; d)
nonsvmmetrical discharges into the basin; e) separation
‘of flow and eddy action within the basin sufficient (0
transport riprap from the exit channel into the basin: f)
failure to clean basins after completion of construction
work; and g) topography of the ouiflow channel

-(McDonald 1980).

3.3 — Navigation lock damage

Hydraulic structures other than spillwayvs arc also
subject 1o abrasion crosion Jdamage. When Upper St
Anthony Falls navigation lock wus dewatered o repair

e
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the concrete to maximum depihs of 23 v (380
was caused by rocks up 1o 18 i (360 mnyan G
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Fig. 3.1 — Abrasion damage to concrete baffle blocks
and floor area in Yellowtail Diversion Dam sluiceway,
Monrtana

to the side of a baffle block and the floor in the stilling
basin at Yellowtail Afterbay Dam, Montana.

Once erosion has begun, the rate of erosion may be
expected to increase because protruding pieces of ag-
gregate become new generators of vapor cavities. In
fact, a cavity cloud often is caused by the change in di-
rection of the boundary at the downstream rim of an
eroded depression. Collapse of this cloud farther
downstream starts a new depression, and so on, as in-
dicated in Fig.'2.4. '

Once cavitation damage has substantially altered the
flow regime, other mechanisms then begin 1o act on the
surface. These other mechanisms include high water
velocities striking the irregular surface and mechanical
failure due to vibrating reinforcing steel. Significant

amounts of material may be removed by these ad
forces, thereby accelerating failure of the struct
This sequence of cavitation damage followed by h
impact damage from the moving water was clearly
dent in the 1983 spillway tunnel failure at Glen Can
Dam, Arizona. ” '

CHAPTER 3 — EROSION BY ABRASION

3.1 — General

Abrasion erosion damage results from the abra
effects of waterborne silt, sand, gravel, rocks,
other debris being circulated over a concrete sur
during operation of a hydraulic structure. Abra
erosion is readily recognized by the smooth, worn
pearing concrete surface, which is distinguished f
the small holes and pits formed by cavitation eros
as can be compared in Fig. 2.8 and 3.1. Spill
aprons, stilling basins, sluiceways, and tunnel lin
are particularly susceptible to abrasion erosion.

The rate of erosion is dependent on a number of
tors including the size, shape, quantity, and hardne:
particles being transported, the velocity of the wi
and the quality of the concrete. While high-qu:
concrete is capable of resisting high water velocitie:
many years with little or no damage, the concrete
not withstand the abrasive action of debris grindin
repeatedly impacting on its surface. In such c:z
abrasion erosion ranging in depth from a few inchs
several feet can result depending on the flow cc
tions. Fig. 3.2 shows the relationship between fl
bottom velocity and the size of particles which tha
locity can transport.
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ber. Subsequent filling and emptying of the lock during
normal operation agitated those rocks, causing them to
erode the concrete by grinding.

3.4 — Tunnel lining damage

Concrete tunnel linings are suscepuble 1o abrasion
erosion damage, particularly when the water carries
large quantities of sand, gravel, rocks, and other de-
bris. There have been many instances where the con-
crete in both temporary and permanent diversion
tunnels has experienced abrasion erosion damage. Gen-
erally, the tunnel floor or invert is the most heavily
damaged. Wagner (1967) has described the perfor-
mance of Glen Canyon Dam diversion tunnel outlets.

CHAPTER 4 — EROSION BY CHEMICAL
ATTACK
4.1 — Sources of chemical attack

The compounds present in hardened portland ce-
ment are attacked by water and many salt and acid so-
lutions; fortunately, in most hydraulic structures, the
deleterious action on an impermeable mass of hard-
ened portland cement concrete is so slow it is unimpor-
tant. However, there are exposures to chemical attack
which can become serious and accelerate deterioration
and erosion of the concrete at a very rapid rate.

Acidic environments can result in deterioration of
exposed concrete surfaces. The acidic environment may
range from low acid concentrations found in mineral-
free water to high acid concentrations found in many
processing plants. Alkali environments can also cause
concrete deterioration. In the presence of moisture, al-
kali soils containing sulfates of magnesium, sodium,
and calcium artack concrete, forming chemical com-
pounds which imbibe water and swell, and can damage
the concrete.

4.2 — Erosion by mineral-free water

Hydrated lime is one of the compounds formed when
cement and water combine. It is readily dissolved by
water and more aggressively dissolved by pure mineral-
free water, found in some mountain streams. Dissolved
carbon dioxide is contained in some fresh waters in
sufficient quantity 1o make the water slightly acidic and
add to its aggressiveness. Scandinavian countries have
reported serious attacks by fresh water, both on ex-
posed concrete surfaces and interior surfaces of con-
duits where porosity or cracks have provided access. In
the United States, there are many instances where the
surface of the concrete has been etched by fresh water
flowing over it, but serious damage from this cause is
uncommon (Holland et al. 1980). This etching is par-
ticularly evident at hydraulic structures carrying runoff
from high mountain streams in the Rocky Mountains
and the Cascade Mountains ol the central and west-
ern United States. A survey (1COLD 1951) of the
chemical composition of raw waler in many reservoirs
throughout the United States indicates a nearly neutral
acid-altkaline balance (pH) for most of these walers.

4.3 — Erosion by miscellaneous causes

4.3.1 Acidic environments — Decaying vegeta.
the most frequent source of acidity in natural w
Decomposition of certain minerals may be a sou
acidity in some ]océ’liu‘es. Running water that has
as low as 6.5 will leach lime from concrete, reduc
strength and making it more porous and less re:
to freezing and thawing and other chemical attacl
amount of lime leached from concrete is a funct
the area exposed and the volume of concrete.
small-diameter drains will deteriorate in a few
when exposed 1o mildly acidic waters, whereas
pipe and massive structures will not be damaged :
icantly for many years under the same exposure
vided the cover over the reinforcing steel meets n
design standards. Waters flowing from peat bed
have a pH as low as 5.

Acid of this strength wxll aggressively attack
crete, and for this reason, when conveyance
ground water are being designed, the aggressiven
the water should be tested to determine its comp
ity with the concrete. This is particularly true in
sure conduits.

4.3.2 Bacterial action — Most of the literatus
dressing the problem of deterioration of concre
sulting from bacterial action has evolved because .
great impact of this corrosive mechanism on coi
sewer systems. This is a serious problem which, a:
don and Beardsley (1958) observed, occurs more
ily in warm climates such as California, USA;
tralia; and South Africa. This problem also occu
the terminus of Jong pumped sewage force mains
northern climates (Pomeroy 1974).

Sulfur-reducing bacteria belong to the genus of
teria that derives the energy for its life processes
the reduction of some element other than carbon,
as nitrogen, sulfur, or iron (Rigdon and Bear
1958). Some of these bacteria are able to reduc
sulfates that are present in natural waters and pi¢
hydrogen sulfide as a waste product. These bacter
stated by Wetzel (1975), are anaerobic.

Another group of bacteria takes the reduced s
and oxidizes it back so that sulfuric acid is formed
genus Thiobacillus is the sulfur-oxicizing bacteria
is most destructive to concrete. It has a remarkabl
erance to acid. Concentrations of sulfuric acid as
as 5 percent do not completely inhibit its activity.

Sulfur-oxidizing bacteria are likely 1o be f¢
wherever warmth, moisture, and reduced compo
of sulfur are present. Generally, a free water surf:
required, in combination with low dissolved oxyg
the sewage and low velocities that permit the buildy
scum on the walls of a pipe in which the anaerobic
fur-reducing bacteria can thrive. Certain condvt
must prevail before the bacteria can produce hydr
sulfide from sulfate-rich water. Sufficient mois
must be present to prevent the desiccation of-the
teria. There must be adequate supplics of hydr
sulfide, carbon dioxide, nitrogen compounds, anc
veen. In addition, soluble campounds of phosplhi
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iron, and other trace elements must be present in the
moisture film.

Newly made concrete has a strongly alkaline surface
with a pH of about 12. No species of sulfur bacteria
can live in such a strong alkaline environment. There-
fore, the concrete is temporarily free from bacterially
induced corrosion. Natural carbonation of the free lime
by the carbon dioxide in the air slowly drops the pH of
the concrete surface to 9 or less. At this level of alka-
linity, the sulfur bacteria Thiobacillus thioparus, using
hydrogen sulfide as the substrate, generate thiosulfuric
and polythionic acid. The pH of the surface moisture
steadily declines, and at a pH of about 5, Thiobacillus
concretivorus begins to proliferate and produce high
concentrations of sulfuric acid, dropping the pH to a
level of 2 or less. The destructive mechanism in the
corrosion of the concrete is the aggressive effect of the
sulfate ions on the calcium aluminates in the cement
paste, . '

The main concrete corrosion problem in a sewer,
therefore, is chemical attack by this sulfuric acid which
accumulates in the crown of the sewer. Information is
available which may enable the engineer to design,
construct, and operate a sewer so that the development
of sulfuric acid is reduced (Pomeroy 1974, ASCE-
WPCEF Joint Task Force 1982; ACPA 1981).

PART 2 — CONTROL OF EROSION
CHAPTER 5§ — CONTROL OF CAVITATION
EROSION

5.1 — Hydraulic design principles

In Chapter 2, Section 2.2, the cavitation index o was
defined by Eq. (2-1). When the value of ¢ at which
cavitation damage begins is known, a designer can cal-
culate velocity and pressure combinations that will
avoid trouble. To produce a safe design, the object is
to insure that the actual operating pressures and veloc-
ities will produce a value of ¢ greater than the value at
which damage begins.

A good way to avoid cavitation erosion is to make o
large by keeping the pressure p, high, and the velocity
V, low. For example, deeply submerged baffle piers in
a stilling basin downstream from a low spillway are un-
likely to be damaged by cavitation because both of
these conditions are satisfied. This situation is iltus-
trated in Fig. 5.1. The following example illustrates
how ¢ is calculated for this case. From model studies,
the meéan prototype velocity at 0, immediately up-
stream from the baffle block, is found to be 30 ft/sec
(9.1 m/sec), and the *“minimum"’ prototype gage pres-
sure, exceeded 90 percent of the time, is 7.1 psi (49
kPa). The barometric pressure for the prototype loca-
tion is estimated to be 13.9 psi (95.8 kPa), so that the
absolute pressure at 0, 6.6 ft (2.0 m) above Location 1,
becomes

4 (6.6 % 62.4)
S 7.0+ 139 - o2 Z 223 gy g
Pe a1 inone o (8
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Given that

p. = 0.3 psi
1b-sec?
p = 1.94 e
and
=2
it follows that
pO - p\'
=~ 5.
Vi p Vi (-1
and
_ (18.1 — 0.3) (144 in.*/f1?) (32.2 ft/sec?) =29
7= V2(62.4) (30) -
(In SI metric units
kgf/m?
Do = 49 + 95.8 — <2.o x 9.81 gp m) = 125 kPa

Then, given that p, = 2.1 kPa, p = 10° kg/m?®, anc
=2

_ (125 - 2.1) (1000) 2.9)
Tk (1000) 9.1 T
This value of ¢ is well above the accepted damage

value of 2.3 for this shape of sharp-edged pier (Gal-
perin et al. 1977). Hence, cavitation damage is unlikel)
in the prototype. A second, equally effective procedurs
to avoid cavitation is to use boundary shapes and tol-
erances characterized by low values of o for incipient
damage. For example, a carefully designed gate slot,
with an offset and rounded downstream corner, may
have a damage ¢ as low as 0.2. Unfortunately, the low-
est value of o a designer can use may be fixed by unin-
tentional surface imperfections in concrete, the need for
small abrupt expansions in flow passages, or the likeli-
hood that vortices will be generated by obstructions
such as partially open sluice gates. To be realistic, one
may have to expect boundary geometry that will cause
cavitation damage, if ¢ drops below about 1.2.
~ P =

Hydrouisc jumo —_—

T

7 o

o N s

\PVfllva Boffle dlocd
trentducer

Fig. 5.1 — Baffle block downsiream from a low spill-
way.
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Sgructure or Irreqularity ol Rrferences
Tunael tnlet 1.5 Tullis 104}
Sugden expansion in zunnel 1.0° Russell and Ball 1967
0.19 louse and Jezdinshr 1988
Baffle dlocks 1.4 1 Caiperin et al. IS77
2.3
Gates and gate slots 0.2 o Galperin et al. 1977
.0 Ball 1959
wagaer 1967
Abraded concrete 0.6 Ball 1976
/4 in, maz, depth
of roughness
0.2 Ball 1976
Arad: 1877
Faivey 1982
8.2
¢
—_— ‘oz
_.._7._____.7/7'7'/7/77 .8
ST Y e
To= i3 6mm
. _ A
Ly e — 1.0
222 7

*Unusual definition of ¢

Fig. 3.2 — Values of o at beginning of cavitation dam-
age

A third choice, often inevitable, is to expect cavities
to form at predetermined locations. In this case, the
designer may: a) supply air to the flow, or b) use dam-
age-resistant materials such as stainless steel, fibrous
concrete, or polymer concrete systems.

Using damage-resistant materials will not eliminate
damage, but may extend the useful life of a surface.
This alternative is particularly attractive, for example,
for constructing or repairing outlet works that will be
used infrequently or abandoned after their purpose has
been served.

In any case, values of ¢ at which cavitation erosion
begins are needed for all sorts of boundary geometries.
Sometimes critical values of ¢ may be estimated by the-
ory, but they usually come from model or prototype
tests.

5.2 — Cavitation indexes for damage and
construction tolerances

Fig. 5.2 lists a few values of ¢ at which cavitation be-
gins and the references from which these values came,
A designer should not use these numbers without
studying the references. Some reasons for this are:

a. The exact geometry and test circumstances must be
understood.

b. Authors use different locations for determining
the reference parameters of Eq. (2-1). However, the
general form of Eq. (2-1) is accepted by practitioners in
the field.

¢. Similitude in the model is difficult to achieve.

Many of the essential details involved in the original
references are explained in Hamilton (1983 and 1984)
which deals with the examples in Fig. 5.2.

The values of ¢ listed in Fig. 5.2 show the impor-
tance of good formwork and concrete finishing. For
example, a Y%-in. (6-mm) offsct into the flow which

randd hn raniead kv micmiatchood Facase g o0 - AT T A

whereas a 1:40 chamfer has a ¢ only one-eighth
large. By the definition of o, the allowable velocity
the chamfer would be /8 times the allowable velo
past the offset if p, — p. were the same in both cz
Thus, on a spillway or chute where p, — p, migh
17.4 psi (120 kPa), damage would begin behind
offset when the local velocity reached 40 ft/sec (12
sec), but the flow past the chamfer would cause
trouble until the velocity reached about 113 ft/sec
m/sec).

When forms are required, as on walls, ceilings,
steep slopes, expert workmen may produce a ne
smooth and only slightly wavy surface for which o.
be as low as 0.4. Using the preceding p, — p. giv
damage velocity of 80 ft/sec (24 m/sec). A o valu
0.2, on which the 113 ft/sec (35 m/sec) is based,
be achieved on plane, nearly horizontal surfaces by
ing a stiff screed controlled by steel wheels running
rails and hand floating and troweling.

Construction tolerances should be included in all
sign and repair specifications. These establish per
sible variation in dimension and location giving t
the designer and the contractor parameters wi
which the work is to be performed. ACI 117 prov
guidance in establishing practical tolerances. .
sometimes necessary that the specifications for «
crete surfaces in high-velocity flow areas be even n
demanding. However, achieving more restrictive 1«
ances for hydraulic surfaces than those recommer
by ACI 117 can become very costly or even impr:
cal. The final specification requirements require ju
ment on the part of the designer.

Joints can cause problems in meeting tolerances, ¢
with the best workmanship. Some engineers prefe
saw and break out areas where small offsets o«
rather than to grind the offsets that are outside
specification. The trough or hole is then patched
hand finished in an effort to produce a surface n
resistant to erosion than a ground surface would be
some cases grinding to achieve alignment and smo
ness is adequate. However, to help prevent the oc
rence of aggregate popouts, a general rule of thumr
to limit the depth of grinding to one-half the maxin
diameter of the coarse aggregate. Ground surfaces
also be protected by applying a low-viscosity, pene!
ing phenol epoxy-resin sealer (Borden et al. 1971).

The difficulty of achieving a near-perfect surface
the doubt that such a surface would remain smc
during years of use have led to designs that permit
introduction of air into the water to cushion the
lapse of cavities when low pressures and high veloc
prevail.

5.3 — Using aeration to control damage
Laboratory and field tests have shown that sur
irregularities will not cause caviiation damage if the
walter ratio in the layers of water near the solid bot
ary is about 8 percent by volume. The air in the w

should be distributed rather uniformly in small i
Tulaee
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When calculations show that flow without aeration is
likely to cause damage, or when damage 10 a structure
has occurred and aeration appears to be a remedy, the
problem is dual: a) the air must be introduced into the
flowing water and b) a portion of that air must remain
near the flow/concrete boundary where it will be use-
ful. ’ -

The migration of air bubbles involves two principles:
a) bubbles in water move in a direction of decreasing
water pressure, and b) turbulence disperses bubbles
from regions of high air concentration toward regions
of low concentration.

Careful attention must be given to the motion of
bubbles due to pressure gradients. A flow of water.sur-
rounded by atmospheric pressure is called a free jet. In
a free jet, there are no gradients except possibly weak
local ones generated by residual turbulence, and the
bubbles move with the water, There is no buoyant
force. On a vertical curve that is convex, the bubble
motion may have a component toward the bottom. In
a flip bucket, which is concave, the bottom pressure is
large and the bubbles move rapidly toward the free
surface. ’

When aeration is required, air usually must be intro-
duced at the bottom of the flow. These bubbles gradu-
ally move away from the floor in spite of the tendency
for turbulent dispersion to hold them down. At the
point where insufficient air is in the flow to protect the
concrete from damage, a subsequent source of bottom
air must be provided.

Aeration data measured on Bratsk Dam in the
U.S.S.R., which has a spillway about 295 ft (90 m) high
and an aeration device, has been discussed by Semen-
kov and Lentyaev (1973) (see Table 5.1). Downstream
from the aeration ramp, measurements showed that the
air-water ratio in a 6-in. (150-mm) layer next to the
concrete declined from 85 to 35 percent as the mixture
flowed down the spillway a distance of 174 ft (53 m). If
one assumes an exponential type of decay, the loss per
foot was a little less than 2 percent of the local air-wa-
ter ratio.

It is usually not feasible to supply air to flowing wa-
ter by pumping or compressing the air because the vol-
umes involved are too large. Instead, the flow is pro-
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Table 5.1 — Examples of use of air to prevent
cavitation damage

Structure or description

References

Beichley and King 1975

Palisades Dam outlet sluices

(USA) .

Yellowtail Dam spillway tunnel Borden et al. 1971,

(USA) Colgate 1971

Glen Canyon Dam spillw‘a‘y tunnel | Burgi, Moycs, and Gamt

(USA) 1984

Ust-llim Dam spillway (USSR) Oskolkov and Semenkov
1979

Bratsk Dam spillway (USSR) Semenkov and Lentyaev
1973

Pinto et al. 1982
Galperin et al. 1977

Hamilton 1983 and 1984,
Quintela 1980

Foz do Areia spillway (Brazil)

General

Comprehensive

jected from & ramp or step as a free jet, and the wi
introduces air at the air-water interfaces. Then the -
bulence within the jet disperses the air entrained at
interfaces into the main body of the jet. Fig. 5.3 sh¢
typical aeration ramps for introducting air into the {
(Wei and DeFazio 1982).

To judge whether sufficient air will remain adjac
to the floor of a spillway, the amount of air that a
bulent jet will entrain must be estimated. On dim
sional grounds, the following equation for entrainm
by the lower surface has been proposed (Hamilton 1
and 1984)

g,:= cWt (¢
in which g, = volume rate of air entrainment per u
: N width of jet
¢ = coefficient
V = average jet velocity at midpoint of t
jectory
¢ = length of air space between the jet :

the spillway floor. -

Model and prototype measurements indicate that
value of the coefficient ¢ lies between 0.01 and 0.
depending upon velocity and upstream roughness.

The length of cavity ¢ (Fig. 5.3) is difficult to m
sure in prototypes and large models. Instead, the up:
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Deflector

Groove

Offset

“ig. 5.4 — Types of aerators (from Vischer, Volkart,
'nd Siegenthaler 1982}

PIER 1IN FLOW

T tx SIDEWALL

DUCT UNOER OFFSET

* On SIDEWALL

. 5.5 — Air supply to aérardrs {from Falvey, in
ication)

lower profiles of the nappe can be estimated from
-dimensional irrotational flow theory. One method
> use a finite element technique for calculaiing
pe trajectorices.

As indicated above, ramps and down-steps are v
to induce the flow in a spillway or tunnel to spring
from the floor. A ramp is a wedge anchored to or
tegral with the floor and usually spans the tunne!
spillway bay. Ramps vary in length from 3t0 9 ft (-
3 m). Wall and corner wedges and wall offsets a\
from the flow also are used to cause the water to le
the sides of a conduit. The objective is to provid
sudden expansion of the solid boundaries. Such
vices, often referred to as aerators, are visually
picted in Fig. 5.4 and 5.5. (See also Ball 1959, DeFa
and Wei 1983, and Russell and Ball 1967.)

Air is allowed to flow into a cavity beside or unde
jet by providing passages as simple as the layout of
project will permit. Sometimes the required rates
airflow are enormous. For example, a cavity und
neath a spillway nappe 49 ft (15 m) wide could entr
5160 ft’/sec (146 m*/sec) of air. A single passageway
least 6.6 ft (2.0 m) in diameter would be needed to st
ply this amount.

-Although offsets, slots, and ramps in conduits ¢
introduce air into high-velocity flow to effectively c¢
trol cavitation, if improperly designed they can acct
tuate the cavitation problem. For this reason, it is ¢
visable to conduct physical hydraulic model studies
insure the adequacy of a proposed aeration device.

5.4 — Fatigue caused by vibration

In concrete, flexural fatigue is normally thought of
terms of beams bending under repeated relatively hi
amplitudes and low-frequency loads. A mass of cc
crete at the surface of an outlet or spillway ordinan
does not bend, but it does vibrate. In this case, the ¢
formation is three-dimensional with low amplitude a:
high frequency. For instance, at McNary Dam the °
bration was measured as 0.00002 in. (0.00051 mm) a:
150 cycles per second (cps) for the transverse directio
Unfortunately, there are no reported studies of co
crete fatigue caused by vibration.

A vibration test for concrete and epoxy/polym
materials is needed. Data from such a test would !
useful for evaluating various construction and repa
materials. A standard test has been developed for sm:
samples of homogeneous materials which vibrates tl
sample at 20,000 cps and 0.002 in. (0.051 mm) amp.
tude while it is submerged in the fluid. Stilling bas.
floors, walls, and outlets are essentially full-scale tes
of the same type.

5.5 — Materials

Although proper material selection can increase t}
cavitation resistance of concrete, the only totally effe:
tive solution is to reduce or eliminate the factors thr
trigger cavitation, because even the strongest materia
cannot withstand the forces of cavitation indefinitels
The difficulty is that in the repair of damaged struc
tures, the reduction or elimination of cavitation may t
very difficult and costly. The next best solution is t
replace the damaged concreie with morc erosion-resit
tant malerials.
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O TEST SLAE NO.1- CONVENTIONAL CONCRETE - Cement 60015 /yd” (3560g/m®); MSA 1] {38mm)
[J TEST SLAB HO.2-STEEL FIBER CONCRETE - Cement 690 1syd” {403 kg/m®), MSa 17 {19mm)

@ TEST SLAB NO. }-PCLYMERIZED CONVENTIONAL - Cement 600 1b/yd? (356 xg/m®)iuSa 4 [38mm)
B TEST SLAB NO. 4-POLYMERIZED STEEL FIBER-Cement 690 1b/yd? (409kg/m®): wsa " Liamm)
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Fig. 5.6 — Erosion depth versus time, Tarbela Dam concrete mixiures

In areas of new design where cavitation is expected to
occur, designers may include the higher quality mate-
rials during the initial construction or include provi-
sions for subsequent repairs in service. For example, in
many installations, stainless steel liners are installed on
the concrete perimeter downstream of slide gates to re-
sist the damaging effects of cavitation. These liners, al-
though quite durable, may pit and eventually have to be
replaced. : :

The cavitation resistance of concrete where abrasion
is not a factor can be increased by using a properly de-
signed low water-cement ratio, high-strength concrete.
The use of aggregate no larger than 1% in. (38 mm)
nominal maximum size is recommended, and the use of
water-reducing admixtures and chilled concrete has
proven beneficial. Hard, dense aggregate and good
bond between aggregate and mortar are essential to
achieving increased cavitation resistance.

Cavitation-damaged areas have been successfully re-
paired using steel fiber reinforced concrete (ICOLD
1982). This material exhibits good impact resistance
necessary to resist the many tiny point loads and ap-
pears to assist in arresting cracking and disintegration
of the concrete matrix. The use of polymers as a matrix
binder or a surface binder has also been found to im-
prove substantially the cavitation resistance of both
conventional and fibrous concrete (Schrader 1978 and
1983b).

Some coatings, such as neoprene or polyurethane,
have effectively reduced cavitation damage to concrete,
but since near-perfect adhesion to the concrete is man-
datory, the use of such coatings is not common. Once
there is a tear or a chip in the coating, the entire coat-
ing is soon pecled off. '

5.6 — Materials testing K

Because of the massive size of most hydraulic struc-
tures, full-scale prototype testing is usually not possi-
ble. Model testing can identify many potential problem
areas, but determining the ultimate effect of hydraulic
forces on the structure requires some judgment. In
some cases, it is desirable to evaluate a material after it
has been subjected for a reasonable period of time to
flows of a magnitude approaching that expected during
operation of the facility.

The U.S. Army Corps of Engineers has been evalu-
ating erosion resistance of materials at the Detroit Dam
(Oregon) High Head Erosion test flume (Houghton,
Borge, and Paxton 1978). Erosion testing at the facility
consists of preparing test slabs 21 in. (530 mm) wide by
10 ft (3 m) long using the desired material, coating, or
overlay. High-velocity water is passed over the slabs for
various durations, and the performance of the material
is then evaluated. Cavitation erosion resistance is stud-
ied by embedding small obstacles in the test siabs which
protrude into the flow (Fig. 2.5).

Materials and coating systems tested at the Detroit
Dam facility include various concrete mixes, fibrous
concrete, roller-compacted concrete, polymer-impreg-
nated concrete, polymer-impregnated {ibrous concrete,
and several concrete coatings (Houghton, Borge, and
Paxton 1978). Fig. 5.6 shows the performance of sev-
eral of these materials subjected to flows with velocities
of 120 ft/sec (37 m/sec).

5.7 — Construction practices

Construction practices are of paramount importance
when hydraulic surfaces may be exposed to high-veloc-
ity flow, particularly if aeration devices are not incor-
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porated in design. Such surfaces must be as smooth as
can be practically obtained (Schrader 1983b). Surface
imperfections and deficiencies have been known to

cause cavitation damage at floy velocities as low as 26

ft/sec (8 m/sec). Offsets no greater than % in. (3 mm)

in height have been known to cause cavitation damage

at flow velocities as low as 82 ft/sec (25 m/sec). Parch-
ing repairs improperly made at the time of construction
have been known to fail under the stress of water flow
or for other reasons, thereby providing the surface im-
perfections which triggered cavitation damage to the
concrete farther downstream. This phenomencrn oc-
curred in the high head spillway tunnel at Yellowtail
Dam, Montana, ultimately resulting in major cavita-
tion and structural damage to the concrete lining (Bor-
den et al. 1971; Colgate 1971). Accordingly, good con-
struction practices as recommended in ACI 117, ACI
302.1R, ACI 304, ACI 308, ACI 309, and ACI 347
should be maintained both for new construction and
repair. Formed and unformed surfaces should be care-
fully checked during each construction operation to
confirm that they are within specific tolerances.

If the potential for cavitation damage exists, care
should be taken in placing the reinforcement. The bars
closest to the surface should be placed parallel to the
direction of flow so as to offer the least resistance to
flow in the event that erosion reaches the depth of the
reinforcement. Extensive damage has been experienced
where the reinforcement near the surface is normal to
the direction of flow.

Where possible, transverse joints in concrete con-
duits or chutes should be minimized. These joints are
generally in a location where the greatest problem ex-
ists in maintaining a continuously smooth hydraulic
surface. One construction technique which has proven
satisfactory in placement of reasonably smooth hy-
draulic surfaces is the traveling slipform screed. This

technique can be applied to tunnel inverts and to spill--

way chute slabs. Information on the slipform screed
can be found in Hurd (1979).

Proper curing of these surfaces is essential, since the
development of surface hardness improves cavitation
resistance.

CHAPTER 6 — CONTROL OF ABRASION
EROSION

6.1 — Hydraulic considerations

Under appropriate flow conditions and transport of
debris, all of the construction materials currently being
used in hydraulic structures are 1o some degree suscep-
tible to abrasion. While improvements in materials
should reduce the rate of damage, these alone will not
solve the problem. Until the adverse hydraulic condi-
tions which can cause abrasion erosion damage are
minimized or eliminated, it is extremely difficuft lor
any of the construction materials currently being used
to perform in the desired manner. Prior to construc-
tion or repair of major structures, hydraulic model
studies of the structure should be conducted 1o identifly
potential causes of erosion damage and evaluate the cf-

fectiveness of various modifications in eliminating the
undesirable hydraulic conditions. If the model test

sults indicate it is impractical to eliminate the undes
able hvdraulic conditions, provisions should be made
design to minimize future damage. For example, go.
design practices should consider the following m:
sures in the constructivn or repair of stilling basins:

a. Include provisions such as debris traps or low
vision walls to minimize circulation of debris.

b. Avoid use of baffles which are connected to st
ing basin walls. Alternatively, considering their susct
tibility to erosion, avoid use of appurtenances such
chute blocks and baffles altogether when the desi
makes this possible.

¢. Use model tests for design and detailing of the t
minus of the stilling basin and the exit channel, so as
maximize flushing of the stilling basin and to minim

chances of debris from the exit channe! entering t

basin.

Maintain balanced flows into the basins of existi
structures, using all gates, to avoid discharge con.
tions where flow separation and eddy action are pre
lent. Substantial discharges that can provide a go
hydraulic dump without creating eddy action should
released periodically in an attempt to flush debris fr¢
the stilling basin. Guidance as to discharge and tailw
ter relations required for flushing should be develop
through model or prototype tests, or both. Periodic
spections should be required to determine the preser
of debris in the stilling basin and the extent of er
sion. If the debris cannot be removed by flushing ¢
erations, water releases should be shut down and t
basin cleaned by other means.

6.2 — Material evaluation

Materials should be tested and evaluated prior
being used in hydraulic structures subjected to abrasi
erosion damage. A variety of test methods includi
rubbing types of apparatus; dressing wheel; rolling st
balls under pressure (ASTM C 779); sandblasti
(ASTM C 418); and modified Los Angeles rattl
{ASTM C 131 and C 535) have been used to determi
abrasion erosion resistance of concrete surfaces. The
tests, designed to simulate heavy foot or wheeled traf
on concrete surfaces, are not intended to model ab!
sion by waterborne particles.

The U.S. Army Corps of Engineers’ test CRD-C ¢
80, ‘‘Test Method for Abrasion-Erosion Resistance
Concrete (Underwater Method),”” is a better model
the abrasive action of waterborne particles on a F
draulic structure. This test procedure subjects concre
specimens to abrasion erosion under the action of st
grinding balls. The steel grinding balls are propelled
water in the test chamber. The water is in turn prop
led by a submerged mixer paddle. Water velocity ont
surface of the specimen is approximately 6 fi/sec (2 r
sec). Test specimens are periodically removed from ¢
apparatus to determine the amount of abrasion erosi
damage. The damage is quantified and the lost ma
rial is reported as a percentage of original mass. T
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development of the test procedure and data from a
large variety of tests of various concrete mixtures have
been described by Liu (1980).

6.3 — Materials

A number of materials and techniques have been
used in the construction and repair of structures sub-
jected to abrasion erosion damage, with varying de-
grees of success. The degree of success is inversely pro-
portional to the degree of exposure to those conditions
conducive to erosion damage (McDonald 1980). No
single material has shown consistently superior perfor-
mance when compared to others. Improvements in ma-
terials are expected to reduce the rate of concrete dam-
age due to abrasion erosion. The following factors
should be considered when selecting abrasion-resistant
materials.

Abrasion-resistant concrete should include the maxi-
mum amount of the hardest available coarse aggregate
and the lowest practical water-cement ratio. The abra-
sion-erosion resistance of concrete.containing chert ag-
gregate has been shown to be approximately twice that
of concrete containing limestone (Fig. 6.1). Given a
good, hard aggregate, any practice that produces a
stronger paste structure will increase abrasion-erosion
resistance. In some cases where hard aggregate was not
available, high-range water-reducing admixtures and
silica fume have been used to develop very strong con-
crete — that'is, concrete with a compressive strength of
about 15,000 psi (103 MPa) — and 1o overcome prob-

- lems with unsatisfactory aggregate (Holland 1983). An-

parently, at these high compressive strengths, the hard-
ened cement paste assumes a greater role in resisting
abrasion-erosion damage and the aggregate quality be-
comes correspondingly less important.

Concrete, when produced with shrinkage-compen-
sating cement, and when properly proportioned and

: cured, has an abrasion resistance from 30 to 40 percent
- higher than portland cement concrete of comparable
" mixture proportions, according to Committee 223

(1970) and Klieger and Greening (1969).
While the addition of steel fibers may be expected to

‘ increase the impact resistance of concrete, some data

show that fiber-reinforced concrete is less resistant to
abrasion erosion than conventional concrete (Liu and
McDonald 1981). This is attributed primarily to the fact
that fiber-reinforced concrete generally has less coarse
aggregate per unit volume of concrete than does com-
parable conventional concrete.

The abrasion-erosion resistance of vacuum-treated
concrete, polymer concrete, polymer-impregnated con-
crete, and polymer-portland cement concrete is signifi-
cantly superior to that of comparable conventional
concrete. This is attributed to a stronger cement ma-
trix. The increased costs associated with materials, pro-
duction, and placing of these and any other special
concretes in comparison with conventional concrete
should be considered during the evaluation process.

Several types of surface coatings have exhibited good
abrasion-erosion resistance in laboratory tests. These

MANUAL OF CONCRETE PRACTICE

10
//
- ]
g /
E
3. -
% " //.’_,
A —— P il
o - -
- T e —
k] — e Pl
Eh L |
-
5 -6’ LEGEND
2 . LEGEND
K Z LIMESTORE
<2 —— —— quaRTZITE
——-—— TRAP ROCK
———— CHERT
!
[
3 0.4 0.5 0.8 0.7 0.8 0.9

Woter -Cement Rotio

Fig. 6.1 — Relationships between water-cement
and abrasion-erosion loss

include polyurethanes, epoxy-resin mortar, furan-
mortar, acrylic mortar, and iron-aggregate topp
Problems in field application of surface coatings
been reported (McDonald 1980). These have been
primarily to improper surface preparation or the
indompatibility between coatings and concrete. »
recently, formulations have been developed which
coefficients of thermal expansion more similar to
of the concrete substrate.

CHAPTER 7 — CONTROL OF EROSION B’

‘ CHEMICAL ATTACK
7.1 — General )

Retention of waste water in anaerobic condit
may result in hydrogen sulfide (H.S) generation. Tk
turn may have detrimental effects on concrete in
tially full sanitary sewers which convey waste wat:
low velocities. The process of sulfide generation
sanitary sewer when insufficient dissolved oxyge
present in the waste water has been discussed and i
trated by an ASCE-WPCF Joint Task Force (15
This original work was performed by Pomeroy (16
The practicing engineer involved with projects of
nature would be wise to review also the excellent
ommendations set forth in the ACPA Councrete i
Handbook.

7.2 — Control of erosion by mineral-free watel
The mild acid attack possible with pure water ra
develops into deterioration that can cause severe st
tural damage. Generally, the mineral-free water
leach mortar on surfaces exposed to this water. ~
can be seen on exposed surfaces and at joints -
cracks in concrete sections. As the surface mortz
leached from the concrete, more coarse aggregate is
posed, which naturally decreases the amount of mo
exposed. With less mortar exposed, less leaching
curs, and hence major structural problems do not 1
ally result. The gradual crosion of the lecached mo
can be minimized by use of special cements, additiol
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pozzolan to mixes, or use of a variety of protective
coatings and sealants applied to concrete surfaces
(Tuthill 1966).

7.3 — Control of erosion from bacterial action

Concrete conduits have served in sewer systems for
many years without serious damage where the systems
were properly designed and operated. The minimum
adequate velocity of flow in the sewer for the strength
and temperature of the sewage is usuzlly 2 ft/sec (0.6
m/sec). Providing this velocity without excessive tur-
bulence and providing proper ventilation of the sewer
will generally prevent erosion by bacterial action. Tur-
bulence is to be avoided because it is an H.S releasing
mechanism. Where conditions are such that generation
of H,S cannot be totally eliminated by the design of the
system, then other means may be applied, such as:
1) using hydrogen peroxide or chlorine compounds to
convert the H,S (WPCF 1979)

(a) H.O, + HS = —= 2H.0 = S
‘(d)1) Ci, + HLO =— HOC! + H- + C1-
(2) HOCI + H.,S -—= S + HCl + H.O
(low pH)
(3) S + 4Cl. + 80H- —— SO, + 8CI
+ 4H.O (high pH)

2) introducing compressed air to keep sewage fresh and
thereby prevent the development of the anaerobic en-
vironment; 3) using an acid-resistant pipe such as vitri-
fied clay or polyvinyl chloride (PVC) pipe; 4) using
acid-resisting liners on the crown of sewers; and/or
5) increasing the concrete section to allow a sacrificial
thickness based on predicted erosion rates. Graphical
methods have been published for determining sulfide
buildup in sanitary sewers, using the Pomeroy-Park-
hurst equations (Kienow et al. 1982).
Parker (1951) lists the following remedial measures
for the control of H.S attack in concrete sewers:
I. Reduction-potential-generation
" ¢ inflow reduction ‘
' partial purification
o chemical dosage to raise oxidation (but addi-
tion of nitrates is impracticable)
* aeration

Table 7.1 — Recommended cement types to use
in concrete when mixing water contains sulfates

mg/l sulfate
(as SO,)
in water Cement lype
0-150 Any1ype
150-1500 Type Il, IP
1500-10,000 Type V, or Type | or lI with a pozzolan
which has been shown by test 1o provide
comparable sulfate resistance when used
in concreie, or Type K shrinkage-
compensating
10,000 or more Tvpe V plus an approved pozzolan
which has been determined by tests to
improve sulfate resistance when used in
coacrete slong with Tyvpe V

e chlorination
e removal of slimes and silts
¢ velocity increase N
[I. Emissions
¢ turbulence reduction
» treatment with heavy metal salts (Cu, Fe, Z
¢ treatment with alkalies
¢ full flow in sewer
I1I. H.S fixation on concrete’
e ventilation
e periodic wetting
¢ use of resistant concrete
e ammoniation
» use of protective coatings

The engineer faced with reducing bacterial acti
should be aware that a) chiorination may, under ct
tain circumstances, be illegal because it can produ
trihalomethane, a known carcinogen; and b) it m
also be illegal to add lead salts (which usually are ¢
only cost-effective choice) or other heavy metal salts
waste water.

Further information on remedial measures for sa
tary sewer systems is available in U.S. Environmen
Protection Agency publication EPA/625/1-85/C
(1985).

7.4 — Control of erosion by miscellaneous
chemical causes

7.4.1 Acid environments — No portland cems
concrete, regardless of its other ingredients, will wi
stand attack from water of high acid concentratic
Where strong acid corrosion is indicated, other cc
struction materials or an appropriate surface cover’
or treatment should be used. This may include apj
cations of sulfur-concrete toppings, epoxy coatin
polymer impregnation, linseed-oil treatments, or oth
processes, each of which affects acid resistance diff
ently. Replacement of a portion of the portland cem
by a suitable amount of pozzolan selected for t.
property can improve the resistance of concrete to wi
acid attack. Also, limestone or dolomite aggrege
have been found to be beneficial in extending the lif¢
structures exposed to acid attack (Biczok 1967).

Deterioration similar to that which occurs in
crown of sewers has also occurred above water leve
tunnels which drain lakes, the waters of which cont
sulfur and other materials that are susceptible to
formation of hydrogen sulfide by bacterial action.

7.4.2 Alkali-aggregate reaction and chloride adn
tures — Deterioration of concrete caused by alkali-
gregate reaction and by chloride admixtures in the ¢
crete mixture is not included in this discussion. Tut
(1966) and ACI 201.2R provide information on tf
topics.

7.4.3 Soils and ground waters — Sulfates of sodit
magnesium, and calcium frequently encountered in
“‘alkali’’ soils and ground waters of the western Un
States attack concrete aggressively. ACl 20].2R
cusses this in detail. Use of Type V sulfate-resisting
ment, low in C,A, is recommended whenever the
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fate in the water is within the ranges shown for its use
in Table 7.1. Types | and 1l cements are usually rela-
tively high in C,A. Concrete mixtures using Tvpes | or
Il portland cement can be improved with respect to
sulfate resistance by replacing approximately 30 per-
cent of the portland cement with a suitable natural
pozzolan or fly ash. Rich mixes are more resistant to

sulfate attack than lean ones. The use of shrinkage--

compensating cements, made with Type Il or Type V
portland cement clinker and adequately suifated, pro-
duces concrete having sulfate resistance equal to or
greater than portland cement made of the same type
clinker (Mehta and Polivka 1975). Table 7.1 lists the
recommended cement types for corresponding sulfate
contents.

PART 3 — MAINTENANCE AND REPAIR OF
EROSION
Chapter 8 — Periodic inspections and corrective
action

8.1 — General

The regular, periodic inspection of completed and
operating hydraulic structures is extremely impor-
tant. The observance of any erosion of concrete should
be included 'in these inspections. The frequency of in-
spections is usually a function of use and evidence of
distress. The inspections provide a means of routinely
examining structural features as well as observing and
discussing problems needing remedial action. ACI
201.1R, ACI 207.3R, and U.S. Department of the
Army publication EM-1110-2-2002 (1979) provide de-
tailed instructions for conducting extensive investiga-
tions.

8.2 — Inspection program

The inspection program must be tailored to the spe-
cific type of structure. The designers should provide in-
put to the program and identify items of primary and
secondary importance. The actual inspection team
should be composed of qualified technical personnel
who know what to look for and can relate in common
terminology. The size of the team is generally depen-
dent on the number of technical disciplines required.
The program should be established and monitored by
an engineer who is experienced in design, construction,
and operation of the project.

8.3 — Inspection procedures
Prior to the on-site inspection, the team should thor-
oughly evaluate all available records, reports, and other
documentation on the condition of the structure and
maintenance and repair, and become familiar with pre-
vious recommendations. Some of the more important
observations to make during an examination of hy-
draulic facilities are:
a. Identifying structural cracking, spalling, and dis-
placements within the water passage '
b. Identifying surface irregularities
1. Offset into or away from flow
2. Abrupt curvature away from {low
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3. Abrupt slope away from flow
4. Void or transverse groove
5. Roughened or damaged surfaces which g
evidence of cavitation or abrasion erosion
6. Structural imperfections and calcite deposi.
7. Cracking, spalling, and rust stains from :
inforcement
c. Inspecting gate slots, sills, and seals, includi
identification of offsets into the flow
d. Locating concrete erosion adjacent to embedd
steel frames and steel liners and in downstre:
water passages
Finding vibration of gates and valves during op
ation
Observing defective welded connections and ¢
pitting and/or cavitation of steel items
Observing equipment operation and maintenanc
. Making surveys and taking cross sections to det
mine the extent of damage
i. Investigating the condition of concrete by nond
tructive methods or by core drilling and samplir
if distressed conditions warrant
. Noting the nature and extent of debris in wa
passage
All conditions observed and their exact locatio
should be accurately recorded by the inspection te:
for future reference. High-quality photographs of ¢
ficiencies are extremely beneficial and provide a p«
manent record which assists in identifying slow p1
gressive failures. A report should be written for ea
inspection to record the condition of the project and
justify funding for repairs.

o

-
:
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8.4 — Reporting and evaluation

The inspection report may vary from a formal pt
lication to a trip report or letter report. The repc
should, include the standard items: who, why, whez
where, and when. A pre-established outline is usually
value. An inspection checklist of deficiencies and st
sequent corrective actions should be established frc
prior inspections. Any special items of interest may
shown in sketches or photos. The report should a
dress existing and potential problems, and it shot
categorize the deficiencies relative to the urgency
corrective action and identify the extent of damag
probable cause of damage, and probable extent
damage if immediate repairs are not made. [t is ¢
tremely important that the owner or agency distribt
the report in accordance with any applicable U.S. fe
eral or state safety regulations.

When the inspection report indicates that remed.
action is required, the next step may be either a supp
mental investigation or the actual corrective actio
Deficiencies noted in the inspection should be eval
ated and categorized as to minor, major, or potentia:
catastrophic. The scope of work should be defined
carly as possible in order to establish reliable budg
estimates. Design for proper repair schemes sometim
requires model tests, redesign of portions of the stru
ture, and materials investigations. Each of these iter
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requires funding through the owner's program of op-
erations. The more details identified in the scope of
work, the more accurale the cost estimate. Wherever
possible, it is important to correct the probable cause,
so that the repairs will not have to be repeated in the
_ near future.

CHAPTER 9 — REPAIR METHODS AND
MATERIALS
9.1 — Design considerations

9.1.1 General — 1t is desirable to eliminate the cause
of the erosion whenever possible; however, since this is
not always possible, a variety of materials and material
combinations is used for the repair of concrete. Some
materials are better suited for certain repairs, and
judgment should be exercised in the selection of the
proper material. Consideration also should be given 10
the time available to make repairs, access points, logis-
tics in material supply, ventilation, nature of the work,
available equipment, and skill and experience of the lo-
cal labor force. )

Detailed descriptions of repair considerations and
procedure may be found in the U.S. Bureau of Recla-
mation’s Concrete Manual (1981).

9.1.2 Considerarion of materials — A major factor
which is critical 1o the success of a repair is the relative
volume change between the repair material and the
concrete substratum. Many materials change volume as
they initially set or gel, almost all change volume with
changes in moisture content, and zll change volume
with changes in temperature. If a repair material de-
creases sufficiently in volume relative to the concrete, it
will develop cracks perpendicular to the interface, gen-
erally at a spacing related to the repair depth. Shear
and tensile stresses also will develop at the interface
with @ maximum magnitude at the tip of each crack,
and the stresses will cycle with each temperature and
moisture cycle. ASTM C 884 evaluates a specific class
of materials with respect to temperature change. Simi-
lar tests should be applied to all repair materials.

Since differential volume change imposes stresses at
an interface between a repair material and the con-
crete, suitable preparation of that interface is essential
to the success of the repair. Sound concrete may not be
able to resist stresses imposed by a high volume change
repair material, whereas it may resist those imposed by
a low volume change material. AC! 503R has recom-
mended that the interface -between concrete and epoxy
patches exhibit an absolute minimum tensile strength,
by a specific test method, of 100 psi (0.69 MPa).

Normal portland cement concrete is generally the
least expensive replacement material and will most
nearly match the characteristics of the in-place concrete
with regard 10 temperature change. Normal concrete
will almost certainly be subject to an initial shrinkage
relative to the original concrete and possibly thermal
stresses from heat of hydration if the depth of replace-

ment is sufficient 1o develop a significant temperature

gradient within the repair.

L)

The best way 10 minimize plastic and drying s}
age is to minimize water content in the replace
concrete. Thus, stiff mixtures, with or without t'
corporation of polymers or copolymers as a re
ment for part of the mix water, may be consic
Suiff mixtures may require careful use of bo
agents and be more difficult to place and consol
It also may be difficull 1o consolidate stiff mi»
around reinforcing steel. The use of polymers ca
prove the useability of the concrete, but also sut
tially increases material costs, may present addji
handling hazards, and may require special constrt
techniques.

9.2 — Methods and materials

9.2.1 Steel plating — Installing stainless sieel
plates on concrete surfaces subject 10 high-vel
flows has been a generally successful method of
tecting the concrete against cavitation erosion.
gate’s (1977) studies show stainless steel 10 be z
four times more resistant to cavitation damage tha
dinary concrete. The currently preferred stainless
terial is ASTM A 167, S30403 (formerly SS304L),
the standpoint of excellent corrosion and cavitatic
sistance, and weldability. The steel plates must t
curely anchored in place and be sufficiently sti
minimize the effects of vibration. Vibration of the
plate can lead to fracturing and eventual failure o
underlying concrete or failure of the anchors. U:
tunately, the steel plating may hide early signs of
crete distress.

This repair method, like many others, treats onl
symptom of erosion and eventually, if the cavitati.
not reduced or eliminated, the steel itself may bec
damaged by pitting.

9.2.2 Dry-packed concrete — Use of dry-pa
concrete is generally limited to applications where
material can be tamped into cavities which have a ¢
at least as great as their width. These limited apr
tions are necessary because the material is friable
compacted In place by tamping or ramming. The
water content of the dry-pack, combined with the
sity obtained by the compaction process, gives a [
that will experience very little ¢rying shrinkage and
have expansion properties similar to the parent
crete.

Dry-pack should consist of one part cement to
parts masonry sand (passing No. 16 screen). Lat
and other special admixtures can be used in the mi»
when bonding or another special characteristic is
sired. The consistency of the dry-pack mortar shoul
such that when balled in the hand, the hand is n
but not dirty. White cement can be blended with
cement if appearance is important. The completed w
should be moist-cured, just as any concrete.

Dry-packed concrete repairs, as is true of all rep
require care on the part of both designer and const
tor 1o insure that the final product meets the inter
design. Properly made, dry-packed concrete rey
have proven to be very satisfactory.
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*‘Damp-pack,” a similar material discussed in U.S.
Army Corps of Engineers Technical Report MRDL 2-
74 (1974) and the AC/ Manual of Concrete Inspection
(1981), can be sprayed onto existing concrete for repair
of peeled areas and other shallow defects.

9.2.3 Fiber reinforced concrete (FRC) — Conven-
tional concrete typically performs poorly where the fol-
lowing material properties are important to the life of
the structure or its performance: fatigue strength, cavi-
tation and abrasion-erosion resistance, impact strength,
flexural strength and strain capacity, -post-cracking
load-carrying capability, and high shear strength. FRC
utilizes randomly oriented discrete fiber reinforcement
in the mixture and offers a practical way of obtaining
these properties for most applications. ICOLD Bulletin
40 (1982) describes its use in dams. FRC has been suc-
cessfully used in some erosion situations. There are ex-
amples where FRC repairs have been made that dem-
onstrate that fibrous concrete is resistant to the com-
bined effects of cavitation and abrasion erosion by
large rock and debris carried at high velocity. On the
other hand, laboratory abrasion-erosion tests under

conditions of low velocity carrying small-size particles .

have shown that the addition of fibers may not be ben-
eficial, and in fact may be detrimental (Liu and Mc-
Donald 1981). ACI 544.1R and ACI publication SP-81
provide additional information regarding the use of
FRC.

9.2.4 Epoxy resins — Resins are natural or synthetic,
solid or semisolid organic materials of high molecular
weight. Epoxies are one type of resin. These materials
are typically used in preparation of speciai coatings or
adhesives or as binders in epoxy-resin mortars and con-
cretes. Several varieties of resin systems are routinely
used for the repair of concrete structures. ACI 503R
describes the properties, uses, preparations, mixtures,
application, and handling requirements for epoxy resin
systems.

The most common use of epoxy compounds is in
bonding adhesives. Epoxies will bond to most building
materials, with the possible exception of some plastics.
Typical applications include the bonding of fresh con-
crete to existing concrete. Epoxies can be used also for
bonding dry-pack material, fibrous concrete, polymer
concretes, and some latex-modified concretes to hard-
ened concrete. Epoxy formulations have been devel-
oped recently which will bond to damp concrete and
even bond to concrete under water. There are case his-
tories of successful uses of these materials in hydraulic
structures. To help assure proper selection and use of
materials, consultation with product representatives is

advised before an epoxy is specified or procured..

ASTM C 881 is a specification for epoxy bonding sys-
tems useful in concrete repairs, and ACI 503.2 covers
epoxy bonding in repair work.

Experience has shown that the application of epoxies
can create serious problems in areas of high-velocity
flow. If the finished surface has a very smooth or glassy
texture, flow at the boundary can be disrupted and may
have the effect of a geometric irregularity which could
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trigger cavitation. This texture problem is easily solved
by using special finishing techniques and/or improving
the surface texture of the patch with sand. Sometimes
the patch can be 100 resistant to damage, with the re-
sult that the abutting original material erodes away,
leaving an abrupt change in surface geometry and de-
veloping a condition worse than the original damage.

Epoxy mortars and epoxy concretes use epoxy resins
for binder material instead of portland cement. These
materials are ideal for repair of normally submerged
concrete, where ambient temperatures are relatjvely
constant. They are very expensive and can cause prob-
lems as a result of their internal heat generation. Mixed
results have been observed in the epoxy-mortar repair
of erosion of outlet surfaces, dentates, and baffle
blocks (McDonald 1980). Depending on the epoxy for-
mulation, the presence of moisture, either on the sur-
face or absorbed in the concrete, can be an imporiant
factor and affect the success of the repair. ACI 503 .4 is
a specification for epoxy mortar in repair work.

The concept of improving concrete by incorporating
the epoxy directly into the mix was encouraged by the
successful latex modification of concrete (Murray and
Schrader 1979). Several commercial products have been
developed and research is continuing. The epoxies gen-
erally enhance the concrete’s resistance to freeze-thaw

" spalling, chemical attack, and mechanical wear. Epoxy-

modified concrete (Christie, McClain, and Melloan
1981) has a curing agent which is retarded by the water
in the mixture. As the water is used up by cement hy-
dration and drying, the epoxy resin begins to gel. Ac-
cordingly, the mixture will not become sticky until the
portland cement begins to set, and this greatly extends
the “‘pot life’” of the wet concrete. To date, these ma-
terials have limited use in hydraulic structures.

9.2.5 Acrylics and other polymer systems — There
are three main ways in which polymers have been in-
corporated into concrete to produce a material with
improved properties as compared to conventional port-
land cement concrete. These are polymer-impregnated
concrete (PIC), polymer-portland cement concrete
(PPCC), and polymer concrete (PC).

Polymer-impregnated concrete (PIC) is a hydrated
portland-cement concrete that has been impregnated
with 2 monomer which is subsequently polymerized in
situ. By effectively case hardening the concrete surface,
impregnation protects structures against the forces of
cavitation (Schrader 1978) and abrasion erosion (Liu
1980). The depth of monomer penetration depends on
the porosity of the concrete and the process and pres-
sure under which the monomer is applied. In addition
10 noting that these materials are quite costly, the en-
gineer is cautioned that some monomer systems can be
hazardous and that monomer systems require care in
handling and should be applied only by skilled work-
men experienced in their use (DePuy 1975). Surface’
impregnation was used at Dworshak Dam in the repair
of cavitation and abrasion erosion damage to the regu-
lating outlet tunnels (Schrader and Kaden (1976a) and
stilling basin (McDonald 1980 and Schrader and Kaden
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Practices for Evaluation of Con-
crete in Existing Massive Struc-
tures for Service Conditions
Standard Practice-for the Use of
Shrinkage-Compensating Con-
crete

*Guide for Concrete Floor and

Slab Construction

Recommended Practice for Mea-
suring, Mixing, Transporting, and
Placing Concrete

Standard Practice for Curing
Concrete

Standard Practice for Consolida-
tion of Concrete

Recommended Practice for Con-
crete Formwork

Use of 'Epoxy Compounds with
Concrete

Standard Specification for Bond-
ing Plastic Concrete to Hardened
Concrete with a Multi-Compo-
nent Epoxy Adhesive

Standard Specification for Re-
pairing Concrete with Epoxy
Mortars

Guide to Shotcrete

Specification for Materials, Pro-
portioning, and Application of
Shotcrete

State-of-the-Art Report on Fiber
Reinforced Concrete
Measurement of Properties of Fi-
ber Reinforced Concrete
Polymers in Concrete

Standard Specification for Stain-
less and Heat-Resisting Chro-
mium-Nickel Steel Plate, Sheet,
and Strip

Standard Test Method for Resis-
tance to Degradation of Small-
Size Coarse Aggregate by Abra-
sion and Impact in the Los Ange-
les Machine

Standard Test Method for Abra-
sion Resistance of Concrete by
Sandblasting

Standard Test Method for Resis-
tance 10 Degradation of Large-
Size Coarse Aggregate by Abra-
sion and Impact in the Los Ange-
les Machine

Standard Test Method for Abra-
sion Resistance of Horizontal
Concrete Surfaces

Standard Specification for Epoxy-
Resin-Base Bonding Systems for
Concretc

Standard Test Method for Ther-
mal Compatibility Between Con-
crete and an Epoxy-Resin Overlay

C 884-78

U.S. Army Corps of Engineers

CRD-C 63-80 Test Method for Abrasion-Ero-
sion’ Resistance of Concrete (Un-
derwater Method)

These publications may be obtained from the follow-

ing organizations:
7

American Concrete Institute
P.O. Box 19130
Detroit, M1 48219

ASTM
1916 Race St.
Philadelphia, PA 19103

U.S. Army Corps of Engineers
U.S. Army Engineer Waterways Experiment Station
Vicksburg, MS 39180
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1976b). High-head erosion testing of PIC at Detroit
Dam test facility has shown excellent performance
(U.S. Army Corps of Engineers 1977).

Polymer portland cement concrete (PPCC) is made
by the addition of water-dispersible polymers directly
into the wet concrete mix. PPCC, compared to con-
ventional concrete, has higher strength, increased flex-
ibility, improved adhesion, superior abrasion and im-
pact resistance, and usually better {reeze-thaw perfor-
mance and improved durability. These properties can
vary considerably depending on the type of polymer
being used. The most commonly used PPCC is latex-
modified concrete (LMC). Latex is a dispersion of or-
ganic polymer particles in water. Typically, the fine ag-
gregate and cement factors are higher for PPCC than
for normal concrete.

A recent example of PPCC repairs was the spray ap-
plication of a latex-modified fibrous concrete to a se-
verely deteriorated navigation lock .wall surface at
Lower Monumental Dam on the Snake River in Wash-
ington (Schrader 1983a).

Polymer concrete (PC) is a mixture of fine and
coarse aggregate with a polymer used as the binder.
This results in rapid-setting material with good chemi-
cal resistance and exceptional bonding characteristics.
So far, polymer concrete has had limited use in large-
scale repair of hydraulic structures because of the ex-
pense of large volumes of polymer for binder. Thermal
compatibility with the parent concrete should be con-
sidered before using these materials.

Polymer concretes are finding application as con-
crete repair materials for patches and overlays, and as
precast elements for repair of damaged surfaces (Fon-
tana and Bartholomew 1981; Scanlon 1981; Kuhlmann
1981; Bhargava 1981). Field test installations with pre-
cast PC have been made on parapet walls at Deadwood
Dam, Idaho, and as a repair of cavitation and abrasion
damage in the stilling basin of American Falls Dam.

ACI 548R and ACI SP-58, *‘Polymers in Concrete
(1978),”" provide an overview of the properties and use
of polymers in concrete. Smoak (1985) has described
polymer impregnation and polymer concrete repairs at
Grand Coulee Dam.

9.2.6 Shotcretes — Shotcrete has been used exten-
sively in the repair of hydraulic structures. This method
permits replacing concrete without the use of form-
work, and the repair can be made in very restricted
areas. Shotcrete, also known as pneumatically applied
mortar, can be an economical alternative to other more
conventional systems of repair. ACI 506R provides
guidance in the manufacture and application of shot-
crete. In addition to conventional shotcrete, modified
concretes such as fibrous shotcrete and polymer shot-
crete have been applied by the air-blown or shotcrete
method.

9.2.7 Coatings — High-head erosion tests have been
conducted using both polyurethane and neoprene coat-
ings (Houghton, Borge, and Paxion 1978). Both coat-
ings exhibited good resistance 1o abrasion and cavita-
tion. The problem with flexible coatings like these is

their bond to the concrete surfaces. Once an edge
portion of the coating is torn from the surface, ths
tire coating can be peeled off rather quickly by
draulic force. :

9.2.8 Preplaced-aggregate concrete — Preplacec
gregate concrete, also referred to as ‘‘prepacked
crete,”’ is used in the repair of large cavities and i
cessible areas (Concrete Construction Publicat
1982). Clean, well-graded coarse aggregate, general:
0.5to 1.5in. (12 to 38 mm) maximum size, is place
the form. Neat cement grout or a sanded grout, wit’
without admixtures, is then pumped into the aggre
matrix through openings in the bottom of the formr
through grout pipes embedded in the aggregate.
grout is placed under pressure, and pressure is m
tained until initial set. Concrete placed by this met
has a low volume change because of the point-to-p
contact of the aggregate; there is high bond strengt
top bars for the same reason. The use of pozzol
water-reducing admixtures, and low water conten
recommended to further reduce shrinkage and ther
volume changes, while maintaining the -fluidity
quired for the grout to completely fill the voids in
aggregate. ACI 304-73 provides détails and guid:
for the use of preplaced-aggregate concrete.

9.2.9 Pipe inserts — For repair of small-diam
pipes, many of the methods discussed in the prev:
sections of this report are not applicable. A comr
construction practice today is to obtain a jointl
structurally sound pipe-inside-a-pipe without exca
ing the existing unsound pipe. One such method -
has been used successfully is to insert a plastic pipe
side the deteriorated concrete pipe and then fill the
nular space between the concrete and plastic liner +
grout. With the proper. selection of material for
plastic liner pipe insert, this repair method can prot
a sound, chemically resistant lining (U.S. Debpt.
Housing and Urban Development 1985, and U.S.
vironmental Protection Agency 1983).

CHAPTER 10 — REFERENCES

10.1 — Reference standards, specifications,
testing methods, and reports

The documents of the various standards-produc
organizations referred to in this document are lis
below with their serial designation, including year
adoption or revision. The documents listed were
latest effort at the time this document was writt
Since some of these documents are revised frequen
generally in minor detail only, the user of this do
ment should check directly with the sponsoring grc¢
if it is desired to refer to the latest revision.
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