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Comision de Examenes Profesionales
Facultad de Ingenieria Civil de la U.A.N.L.

Asunto:
Peticién de aprobacion de Tesis para presentar mi examen profesional y obtener
mi Titulo de Ingeniero Civil en la U.AN.L.

Por medio de la presente pongo a su consideracion el titulo de mi tesis para
presentar examen profesional en la Licenciatura de Ingenieria Civil de la Universidad
Auténoma de nuevo Ledn.

Siendo el titulo:
Resistencia a la Abrasion de Concretos para Pavimentos.

Los objetivos de la investigacion son los siguientes.

e Determinar el grado de abrasabilidad y resistencia a la compresion de concretos para
pavimentos de carreteras fabricados con Cemento Portland Tipo I, agregado calizo,
aditivo SRA y sin aditivo SRA para los concretos de referencia.

e Comparar el grado de abrasabilidad de los concretos sin aditivo respecto a los
concretos con aditivo para las diferentes relaciones agua-cementante.

Por titimo, hago de su conocimiento que para el desarrollo de esta investigacion he
recibido 12 asesoria de el Dr. Raymundo Rivera Villarreal, por lo cual solicito se me
asigne como asesor oficial.

Sin mas por el momento y esperando obtener la aprobacion del Titulo para tesis, me
despido de ustedes.

——

P
Raquel Saenz Michel
Matricula 794208

San Nicolas de los Garza, N.L.. a 26 de Abril de 1999.
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DR. RAYMUNDO RIVERA VILLARREAL.
Presente.-

Por medio de la presente me permito comunicar a Usted que ha sido designado por
esta Secretaria como Asesor de la Tésis “RESISTENCIA A LA ABRASION DE
CONCRETOS PARA PAVIMENTOS” la cual desarrollard la SRITA. RAQUEL
SAENZ MICHEL como opcion para obtener el Titulo de Ingeniero Civil.

Mucho agradeceré los comentarios que sobre el alcance de la misma Usted

considere.

Sin otro asunto por el momento y en espera de contar con su participacién, quedo

de Usted.

ATENTAMENTE
“ALERE.FLAMMAM VERITATIS”

aria a 251;?@!5] de 1999.

A
PH (fARZA MARTINEZ

fARIOVACADEMICO
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INSTITUTO DE INGENIERIA CIVIL
FACULTAD DE INGENIERIA CIVIL U.A.N.L.

DEPARTAMENTO DE TECNOLOGIA DEL CONCRETO

M.C. ELIZABETH GARZA MARTINEZ
Secretario Académico

Facuitad de Ingenieria Civil
Presente.

Con relacién a la Tesis "Resistencia a la Abrasidn de Concretos para Pavimentos”
para obtener el grado de Ingeniero Civil de la Srita. Raquel Sdenz Michel, en su oficio
de fecha 27 de abril de 1999, en donde se me designa como asesor de esta tesis, me
permito comunicarle que esta Tesis es de Investigacidn y la ha estado elaborando la
Srita. Saenz Michel en este Departamento. Los resultados que se han venido
obteniendo son de gran interés ya que para una misma relacion agua-cemento y
misma consistencia, se logra aumentar la resistencia del concreto a la Abrasion cuando
se utiliza un Aditivo Superfluidizante como el utilizado en el proyecto.

Atentamente
"ALERE FLAMMAM VERITATIS"
Ciudad Universitaria, a 4 de mayo de 1999
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Jefe del Departamento
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Dedlico- esta tesis a mis padres José J. Jaene Nirez

R. S M.
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Resumen:

Esta investigacion consistio en evaluar la resistencia a la abrasion de concretos
para pavimentos de carreteras fabricados con agregado calizo, cemento Portland y
aditivo Super Reductor de Agua (SRA).

Los concretos fueron fabricados con relaciones agua-cementante de 0.35, 040 y
0 45 sin suplementos cementantes ni aditivo para los concretos de referencia y concretos
con aditivo SRA para una misma consistencia. En el caso de utilizar aditivo para cada
relacion agua-cementante se redujo el consumo de agua y de cemento para mantener la
misma consistencia. La fabricacion se realizé en laboratorio a una temperatura de
23+1.5°C y se curaron bajo condiciones estandar a 3 y 28 dias. Los concretos fueron
ensayados a la abrasion a los 3 y 28 dias en el aparato de abrasion (taladro de presion)
una serie en condicion seca y otra serie en condicion humeda. La determinacion del
desgaste se hizo mediante la mediciéon de la pérdida de peso sufrida por el espécimen
debido a la accion de presion-rotacion-friccion del equipo sobre la superficie del
concreto.

Los resultados muestran que los concretos fabricados con aditivo SKA
presentaron mayor resistencia a la abrasion que los concretos de referencia fabricados
stn aditivo, ambos con la misma relacion agua-cementante y la misma consistencia.

También se encontré que para un mismo concreto ensayado en condicion seca
presenta una mayor resistencia a la abrasion que ensayado bajo condicion himeda.
Ademas se observo como era de esperarse que los concretos con menor relacion agua-
cementante mostraron mayor resistencia a la abrasion.



Objetivos:

e Determinar el grado de abrasabilidad y resistencia a la compresion de concretos para
pavimentos de carreteras fabricados con Cemento Portland Tipo I, agregado calizo,
aditivo SRA y sin aditivo SRA para los concretos de referencia. :

e Comparar el grado de abrasabilidad de los concretos sin aditivo respecto a los
concretos con aditivo para las diferentes relaciones agua-cementante.

Todos los concretos se fabricaron para relaciones agua-cementante de 0.35, 040 y
0.45 curandose a los 3 y 28 dias bajo condiciones estandar. Asi mismo se determino €l
grado de abrasabilidad bajo condiciones tanto secas como hiimedas a 3 y 28 dias de

edad.



Introduccion

La abrasion se define como el desprendimiento de particulas al raspar, deslizar o
recorrer objetos sobre una superficie. Este fendmeno puede observarse en pavimentos,
pisos, canales y otras superficies donde la fuerza de friccion aparece debido al
desplazamiento o arrastre de objetos en la superficie.(1)

Para poder estudiar la problematica de la abrasion en el concreto es necesario
tomar en cuenta una serie de condiciones bajo la cual estaré sujeto, como lo son. el tipo
de trafico, frecuencia, carga de las llantas, tipo de rueda, velocidad de escurrimiento (en
el caso de canales), etc.(2) Esto sin descartar otros aspectos como el acabado dado a la
superficie, procedimiento de curado, propiedades de los materiales utilizados, e/ uso de
aditivos especiales para concretos entre otros.(3)

En general, la abrasion sufrida en el concreto es en su mayoria consecuencia de la
menor resistencia a esta accion de la pasta endurecida.(4) Para desarrollar concreto con
mayor resistencia a la abrasion, es necesario mejorar sus propiedades, esto se podna
lograr haciendo uso de aditivos, los cuales permiten lograr una mejor compactacion,
facilitar el acabado y usar relaciones agua-cementante bajas, con las cuales se ha
encontrado que la accion de la abrasion es menor.(5)

Payne y Dransfield reportaron que la resistencia a la abrasion es inversamente
proporcional a la relacion agua-cemento, y es afectada por los procedimientos de curado.
Consecuentemente, ellos concluyeron que el uso de un aditivo para reducir la relacion
agua-cemento incrementa la resistencia a la abrasion substancialmente, de este modo
reduciendo la influencia de las condiciones de curado en esta propiedad (6)

Se sabe que la resistencia a la compresion es el factor mas determinante en la
resistencia a la abrasion del concreto. Siendo la resistencia a la abrasion del concreto
fuertemente influenciada por la resistencia abrasiva de sus componentes, como lo son el
agregado grueso y el mortero. Generalmente los concretos fabricados con agregados
muy resistentes muestran una resistencia a la abrasion mayor que concretos fabricados
con agregados menos resistentes (4) Asi mismo, se debe considerar la adherencia de los
agregados con la pasta de cementante, ya que se ha encontrado que concretos fabricados
con agregados muy resistentes, pero con escasa adherencia, muestran menor resistencia a
la abrasion que concretos fabricados con agregados menos resistentes pero con buena
adherencia (5)

Hay varios tipos de metodos estandar de pruebas de abrasion publicados por la
American Society for Testing and Materials (ASTM).  Se esta de acuerdo que los
métodos de prueba son usados para la evaluacion de la calidad relativa y no intentan
medir la vida esperada de una superficie.(7)



Justificacion de la investigacion.

Anterior a la investigacion que se describird, tenemos la investigacion realizada
por el Ing. Richard Gonzélez Rios quien traté el tema de Resistencia del Concreto al.
Rodamiento Abrasivo Mediante el Uso de Aditivo, fabricando concretos fluidos, que son
usados en pisos industriales principalmente.

Partiendo de esto dltimo y de ia poca informacidn acerca de la resistencia a la
abrasiéon en concreto mediante el uso de aditivos se inicié la investigacion sobre

RESISTENCIA A LA ABRASION DE CONCRETOS PARA PAVIMENTOS,
fabricando concretos pldsticos para pavimentos en carreteras.

En México, a diferencia de aigunos otros paises, el uso de pavimentos de
concreto hidrdulico inicié hace pocos afios, ya que durante décadas se han venido
construyendo carreteras de pavimentos asfilticos, puesto que México es un pais
productor de petréieo.

Por esto la empresa privada y asociaciones dedicadas a la investigacién, se han
dado a la tarea de promover la tecnologia para la construccion de pavimentos de
concreto hidraulico, sin embargo poco se ha hablado acerca de las caracteristicas que
debe tener la superficie del pavimento para lograr mejores superficies de rodamiento y
mayor seguridad.

La resistencia a la abrasion es una de las caracteristicas principal a considerar en
los pavimentos de concreto hidrdulico, ya que sufren un desgaste por la fuerza de
friccion debido al desplazamiento de vehiculos.

Por esto cuando el concreto sera expuesto a la accion abrasiva, es comin el uso
de tratamientos especiales con los cuales se produce una resistencia a la abrasion sobre
la capa superficial del concreto, los cuales finalmente se traducen en un mayor costo.
En si las carreteras de concreto hidrdulico representan un costo adicional, pero que
finalmente se compensa con los ahorros derivados de la disminucidn en los gastos de
mantenimiento. Esta investigacion busca aumentar la resistencia a la abrasién del
concreto sin €l uso de esos costosos y arduos tratamientos.



Metodologia

I

II.

111

IV

Determinar el agua de reaccion para las relaciones agua-cementante 0.35, 040y
0.45 de los concretos de referencia, partiendo del valor propuesto en la tabla del
ACI-211, para obtener un revenimiento final de 8-10 cm.

Determinar el agua de reaccion para las relaciones agua-cementante 0.35, 0.40 y
0.45 de los concretos con aditivo, partiendo del valor propuesto en la tabla del
ACI-211 y considerando el aditivo como agua de reaccion, para obtener un
revenimiento inicial de 3-5 cm y revenimiento final de 8-10 cm.

Determinacion del grado de abrasabilidad bajo condicion seca de:
1.- Concreto con aditivo SRA ACON SF 1040, para las tres relaciones agua-

cementante y las dos edades de curado.
2.- Concreto sin aditivo, para las tres relaciones agua-cementante y las dos edades

de curado.

Determinacion del grado de abrasabilidad bajo condicion humeda de:
1.- Concreto con aditivo SRA ACON SF 1040, para las tres relaciones agua-

cementante y las dos edades de curado.
2.- Concreto sin aditivo, para las tres relaciones agua-cementante y las dos edades

de curado.

Determinacion de la resistencia a la compresion de:
1.- Concreto con aditivo SRA ACON SF 1040, para las tres relaciones agua-

cementante y las dos edades de curado.
2.- Concreto sin aditivo, para las tres relaciones agua-cementante y las dos edades

de curado.



Caracteristicas afines de los concretos.

Los concretos fueron fabricados con Cemento Monterrey Portland Tipo I,
agregado calizo de la regién con un tamafio maximo de 20 mm y un Aditivo Super
Reductor de Agua ACON SF 1040 en los concretos con aditivo. La granulometria
utilizada para los agregados fue la especificada en ASTM C-33, para el agregado grueso
se utilizo la media de la No. 67 y para el agregado fino la media indicada en el punto 6.1
de dicha norma, ambas granulometrias fueron preparadas para evitar variacién de mezcla
a mezcla.

Los agregados se prepararon mediante cribado a través de las difcrentes mallas
especificadas para obtener la misma granulometria en cada mezcla.

Las mezclas se hicieron en una revolvedora de laboratorio de 30 L de capacidad,
la cual se puede apreciar en la fotografia No. 1.

Las condiciones del medio ambiente en el laboratorio donde se fabricaron los
concretos fueron de 23+1.5 °C con una humedad relativa mayor del 50 %.

Datos fisicos de los materiales.

“Materiales.| Densidad | "PVSS.i|. PVVS [ Absi ik H.0. | M.
4 x > my fm?), |. (ke/m° b o R,
Cemento 3100

[Ag.Grueso | 2740 | 1565 | 1675 | 045 | 0

Ag. Fino 2620 155 | 0 |276
Aditivo 1100

Granulometria.

Agregado Grueso:
Como ya se menciono la granulometria utilizada fue la especificada en la norma
ASTM C-33, la No. 67, escogiéndose la media de dicha curva granulométrica.

TamafioNo.| 3! % [ W 187305 No.4 | No.8
' (25mm) | (19mm) | (12.5mm)_{(9.5mm).} (4.75mm) | (2.36mm)
67 100 [ 90-100 [ 85-67 20-55 0-10 0-5
Media 100 95 76 375 5 2.5




Agregado Fino:

Para el agregado fino se utilizé la especificada en el punto 6.1 de la norma

ASTM C-33, escogiéndose la media de dicha granulometria.

Malla No. | % que pasa Ret. Individua
. - o pikor it F0 e
3/8” 100 0
No. 4 95-100 2.5
No. 8 80-100 7.5
No. 16 50-85 67.5 32.5 22.5
No. 30 25-60 42.5 57.5 25
No. 50 10-30 20 80 22.5
No. 100 2-10 6 94 14
Pasa 100 0 100 6
Moédulo de finura.
E"Malla No. % finos que- " % retenido |
b sy . pasan. i acumulado
3/8 100 0
No. 4 97.5 2.5
No. 8§ 90 10
No. 16 67.5 32.5
No. 30 42.5 57.5
No. 50 20 80
No. 100 6 94
suma 276
Mddulo de finura = sumatoria % retenido acumulado / 100
Mddulo de finura = 276/100
Moddulo de finura = 2.76
Composicion quimica del cemento Portland I
Compuestos potenciales del cemento | :Simbolo [, Porcentaje

Silicato Tricalcico C;S 40.2
Silicato Dicalcico C,S 344
Aluminato Tricdlcico C;A 8.9
Aluminato Ferrito Tetracilcico C4AF 6.5




Composicion quimica del cemento Portland L

" Elemento Simbolo sPorcentaje
Oxido de Silicio Si0; 22.55
Oxido de Aluminio Al,O; 4.72
Oxido de Fierro Fe, 04 2.14
Oxido de Calcio Ca0 62.57
Oxido de Magnesio MgO 1.49
Trioxido de Azufre SO; 2.95
Oxido de Sodio Na,O 0.53
Oxido de Potasio K,O 0.22
Pentoxido de Fosforo P>0s 0.08
Oxido de Titanio TiO, 0.26
Triéxido de Manganeso Mn, 04 0.04
Pérdida por calcinaciéon E*C 2.33




Proporcionamientos para el concreto de referencia sin aditivo,

Proporcionamiento No. 1
Relacion A/C = 0.35

Datos para determinar el proporcionamiento:

e Basandonos en la tabla del ACI-211 el porcentaje de aire atrapado para un
revenimiento de 10 cm es de 2%.
e De la misma tabla del ACI-211, tenemos que para un tamafio maximo de agregado
de 20 mm y el revenimiento buscado de 10 cm se requieren 205 L de agua por metro
cubico de concreto.
o Segun la tabla del ACI-211, el volumen de agregado grueso requenido es de 0 624
para un tamano maximo de agregado de 20 mm y un moédulo de finura 2.76.

Proporcionamiento:

Mat. seces

Humedad de

Materiales secos

sin inelnir Vol. Abs. | Kg/23 L
Material | " w'im’de | secosa S.S.8 |incluyendo agual de
agua de Abs. 3 3
! 3 . eoncreto {kg/m’) de Abs. (kg/m’) | conereto
(hg/m’) ‘
205/1000 =
Agua Reacc. 205 0.205 205
Agua total 205 + 13 =218 S0l
205/0.35 = 585.7/3100 =
Cemento 5857 0.189 585.7 13 47
1675 *0.624 = | 1045.2/2740 = | 1045.2*0.0045 =
Ag. Grueso 1045 2 0381 47 1045 2 24 04
; 0.205 *2620 = 537.1*0.0155 - -
Ag Fino 5371 0.205 8.3 537 1 12 35
Aire 2% 0.02
Suma 1.00
Agua Abs. 13

Propiedades fisicas del concreto fresco

Revenimtento 10 cm
Aire medido 1 3%

Temperatura del concreto 27°C




Proporcionzmiento No. 2
Relacion A/C = 0.40

Datos para determinar el proporcionamiento:

e Basandonos en la tabla del ACI-211 el porcentaje de aire atrapado para un

revenimiento de 10 cm es de 2%.

e De la misma tabla del ACI-211, tenemos que para un tamafio maximo de agregado
de 20 mm y el revenimiento buscado de 10 cm se requieren 205 L de agua por metro

cubico de concreto.

e Segun la tabla del ACI-211, el volumen de agregado grueso requerido es de 0.624
para un tamafio maximo de agregado de 20 mm y un modulo de finura 2.76.

Proporcionamiento:

o | Matsecos gy, Abs. | Bumedad de | Materiales secos | Kg/23 L
= sin incluiv 3, 3 ;
Material m/mr de | seens a 8.8.S | incluyendo agua de
agua de Abs. 3 3
3 concreto (kgfm’y | de Abs. (kg/m’} | concreto
(kg/m") M .
180/1000 =
Agua Reacc. 180 0.180 180
Agua total 180 + 15.82 =195.82 45
180/0 30 = 450/3100 = i
Cemento 450 0 145 450 1035
1675 *0.624 = | 1045.2/2740 = | 1045.2*0.0045 = g
Ag. Grueso 1045 2 0381 47 1045 2 24 04
: 0 274 *2620 = 7178 *0.0155 = f
Ag. Fino 7178 0.274 1113 717.8 16.51
Aire 2% 0.02
Suma 1.00
Agua Abs. 15.82

Propiedades fisicas del concreto fresco

Revenimiento 10 cm
Aire medido [.6%
Temperatura del concreto 26°C

10




Proporcionamiento No. 3
Relacion A/C = 0.45

Datos para determinar el proporcionamiento:

e Basandonos en la tabla del ACI-211 el porcentaje de aire atrapado para un

revenimiento de 10 cm es de 2%.

e De la misma tabla del ACI-211, tenemos que para un tamafio maximo de agregado
de 20 mm y el revenimiento buscado de 10 cm se requieren 205 L de agua por metro

cubico de concreto.

e Segiin la tabla del ACI-211, el volumen de agregado grueso requerido es de 0.624
para un tamafio maximo de agregado de 20 mm y un modulo de finura 2 76.

Proporcionamiento:

Mat, sec i
1AL SeCOS | yon Abs. | Humedad de | Materiales secos | Kg/23 L
5 sin incluir 3, 3 "
Material m/m de | secos 2 8.8.S |incluyendo agua de
agua de Abs. 3,
3 conereto (kg/m®y | de Abs. (kg/m’} } concreto
(kg/m’) - )
170/1000 =
Agua Reacc. 170 0 170 170
Agua total 170 + 17.2 - 1872 $,3
170/0.45 = 377 773100 =
Cemento 377 7 0122 3% 7 8.6
1675 %0.624= | 1045.2/2740 = | 1045 2*0 0045 = ”
Ag. Grueso 1045 2 0381 47 10452 24,04
. 0.307 *¥2620 = 8043 * 00155 = -
Ag Fino 804 3 0.307 (25 804 3 18 5
Aire 2% 0.02
Suma 100
Agua Abs. 17.2

Propiedades fisicas del concreto fresco

Revenimiento 10 cm
Aire medido 1.5%
Temperatura del concreto 27°C

M




Procedimiento de fabricacion del Concreto de Referencia.

1. Se colocan los agregados dentro de la revolvedora y se afiade el agua de absorcion.

2. Se mezcla durante un minuto para homogeneizar los agregados y que estos tomen su
correspondiente agua de absorcion,

3. Se afiade el cemento y el agua de reaccion.
4. Se mezcla durante tres minutos.

5. Se deja reposar un periodo de tres minutos tapando la boca de entrada de la
revolvedora con una franela, para evitar la evaporacion del agua.

6. Se mezcla nuevamente durante dos minutos.
7. Se mide el revenimiento.

8. Se mide el contenido de aire.

9. Y por ultimo se vacia el concreto en los moldes correspondientes para los
especimenes de resistencia a la compresion y resistencia a la abrasion.

12



Proporcionamientos para el conereto utilizando un aditive superfluidificante.

Proporcionamiento No. 4
Relacion A/C = 0.35

Datos para determinar el proporcionamiento:

e Basandonos en la tabla del ACI-211 el porcentaje de aire atrapado para un

revenimiento de 5 ¢cm es de 2%.

e De la misma tabla del ACI-211, tenemos que para un tamaiio maximo de agregado
de 20 mm y el revenimiento buscado de S cm se requieren 190L de agua por metro

ctibico de concreto.

e Segun la tabla del ACI-211, ¢l volumen de agregado grueso requerido es de 0 624
para un tamafio maximo de agregado de 20 mm y un modulo de finura 2.76.

Proporcionamiento:
{-+ [ ¥Epii 2’3;?];‘:: Vol Abs. | Humedad de | Materiales secas | Kg/23 L
Maierigl m/m’de | secosa S.S.8 incluyendo agua de
- [ paps de é&bs. concreto {kg/m®) de Abs. (kg/m’) | concreto
A _(kg/m) ' )
_ 177/1000 =
Agua Reacc. | 180-2.6=1774 0177 177.4
Agua total 1774 +15=192 4 44
180/0.35 = 514.3/3100 =
Cemento 5143 0 166 5143 118
1675 *0.624= | 1045.2/2740 = | 1045.2*0.0043 =
Ag. Grueso 1045 2 0,381 47 1045 2 24 04
. 0.254 *2620 = 6653 * 00155 - —_— ——
Ag Fino 665 5 0.254 103 665.3 153
9 2.6/1100 =
Aditivo 26 S hoo 26 0.06
Aire 2% 0.02
Suma 1.00
Agzua Abs. 150

Propiedades fisicas del concreto fresco

Revenmimiento inicial 3 cm
Revenimiento final 10 cm

Aire medido 2.0%
Temperatura del concreto 23°C
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Proporcionamiento No. §
Relacton A/C = 0.40

Datos para determinar el proporcionamiento:

e Basandonos en la tabla del ACI-211 el porcentaje de aire atrapado para un
revenimiento de 5 cm es de 2%.
e De la misma tabla del ACI-211, tenemos gue para un tamafio maximo de agregado
de 20 mm y el revenimiento buscado de 5 cm se requieren 190L de agua por metro
cubico de concreto.
e Segun la tabla del ACI-211, el volumen de agregado grueso requerido es de 0 624
para un tamano maximo de agregado de 20 mm y un modulo de finura 2.76.

Proporcionamiento:

1 " y
¢ -}:iln ?ﬂi:l?: Vol Abs. § Bumedad de | Materiales secos | Kg/23 L
Material -} B Bu Als m’/m de | secos 2 8.8.8 | incluyendo agua de J
sH 3 | concreie tkg/m’] - | de Abs. (kg/m’) | concreto
_ (kg/m’)
- 167.9/1000 =
Agua Reacc. |170-2.1=1679 0,168 1679
Agua total 1679+ 166 =184 3 42
170/0.40 = 425/3100 =
Cemento 475 0.137 425 9.8
1675 *0.624 - | 1045 2/2740 — | 1045.2*0 0045 = <
Ag. Grueso 1045 2 0,381 47 10452 2304
| 0.292 *2620 - 765 * 0 0155 = |
Ag. Fino 765 04 0.292 119 765 176
v 2.1/1100 = -
Aditivo 2.1 0.002 2.1 005
Aire 2% 0.02
Suma 1.00
Agua Abs. 16 6

Propiedades fisicas del concreto fresco

Revenimiento tnicial 3.5 cm
Revenimiento final 10 cm
Aire medido 1.0%

Temperatura del concreto 25°C
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Propercionamiento No. 6
Relacion A/C = 0.45

Datos para determinar el proporcionamiento:

e Basandonos en la tabla del ACI-211 el porcentaje de aire atrapado para un

revenimiento de 5 cm es de 2%.

e De la misma tabla del ACI-211, tenemos que para un tamafio maximo de agregado
de 20 mm y el revenimiento buscado de 5 cm se requieren 190L de agua por metro

cubtco de concreto.

e Segun la tabla del ACI-211, el volumen de agregado grueso requerido es de 0.624
para un tamafio maximo de agregado de 20 mm y un modulo de finura 2 76.

Proporcionamiento:

Mat. sec . ,
TALSECOS | ot Abs. | Humedad de | Materiales secos | Kg/23 L
2 sin incluiv 3, 3 :
Material agyid de Abs nr/m de  secosa 8.8.8 | imcluyende agua de
« ; 3 3
3 concreto n de Abs. /m concreto
4 158.2/1000 =
Agua Reacc. |160-1.8=1582 0.158 158.2
Agua total 1582+ 178- 176 1.0
160/0.45 = 355.6/3100 = . A
Cemento 355 6 0.115 3556 818
1675 * 0624 = | 1045 2/2740= | 1045.2*0.0045 - "
Ag Grueso 1045 2 0,381 17 10452 24 04
: 0.324 *2620 = 850 *0.0155 - 1 il =
Ag. Fino 850 0324 131 850 19.55
o 1.8/1100 =
Aditivo 1.8 00016 18 004
Aire 2% 0.02
Suma 1 00
Agua Abs. 17.3

Propiedades fisicas del concreto fresco

Revenimiento inicial 3 cm
Revenimiento final 9 cm

Aire medido 1.4%
Temperatura del concreto 24°C
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Procedimiento de fabricacion del concreto con aditivo.

10.

Se colocan los agregados dentro de la revolvedora y se afiade el agua de absorcion.

Se mezcla durante un minuto para homogeneizar los agregados y que estos tomen su
agua de absorcion.

Se afiade el cemento y el agua de reaccion.

Se mezcla durante tres minutos.

Se deja reposar un periodo de tres minutos tapando la boca de entrada de la
revolvedora con una franela, para evitar la evaporacién del agua.

Se mezcla nuevamente durante dos minutos.

Se mide el revenimiento y se regresa a la revolvedora este concreto.
Se afiade el aditivo SRA y se remezcla aproximadamente un minuto.
Por tiltimo se mide el revenimiento final,

Y se vacia el concreto en los moldes correspondientes para ilos especimenes de
resistencia a la compresion y resistencia a la abrasion.
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Procedimiento de fabricacién de los especimenes.

e Especimenes para determinar la resistencia a la abrasion.

El concreto fue vaciado en moldes de madera de 43 x 63 x 8 cm de peralte y vibrado
de acuerdo a la norma ASTM C-192, el acabado de la superficie fue liso utilizando
una llana. Los pnsmas fueron desmoldados a las 24 h para ser curados bajo
condiciones estandar a 3 y 28 dias. Postertormente dias antes de cumplir la edad de
curado se extrajeron de los prismas especimenes cilindricos de 15 ¢cm de didmetro y
8 cm de altura para ser ensayados a la abrasion. Los moldes de madera y el equipo
de vibrado pueden apreciarse en la fotografia No. 2.

e Especimenes para determinar la resistencia a la compresion.
Los especimenes para determinar la resistencia a la compresion a los 3 y 28 dias se
fabricaron en moldes cilindricos de 10 cm de didmetro y 20 ¢cm de altura, de acuerdo a la

norma ASTM C-192.  Los meides y el equipo de fabricacion pueden verse en la
fotografia No. 3.
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Descripcion y operacion del equipo de abrasion.

Aparatos.

Dispasitivo de abrasion.

Es un taladro de presién o dispositivo similar con una porta broca en la cual
embona un cortador rotatorio que gira con una velocidad de 200 rev/min y una fuerza
excéntrica de 10 kg sobre la superficie del espécimen. Fotografia No. 4 muestra el
taladro de presion. Ver figura No. 1 ilustra los detalles del taladro de presion.

La dificultad de mantener una carga constante de abrasidén cortante cuando
usamos la palanca, mecanismo y el sistema de giro del taladro de presion a sido
eliminado por la colocacion de una carga directa sobre el vdstago que toma el cortante.
La maquina consiste esencialmente en un marco que soporta el motor, la polea y el
vastago, Un sujetador esta construido en la base para sostener el espécimen.

La carga sobre el vastago puede ser de 10 kg cuando el ciclo de abrasion es
normal ¢ de 20 kg cuando el ciclo de abrasion es severo, la fotografia 2 muestra el peso
sobre el vastago, que proporciona la fuerza excéntrica.

Cortador rotatorio.

Esta formado por ruedas abrasivas montadas. Figura No. 2 muestra los detalles
del cortador rotatorio.  Las roldanas deben de ser de didmetro menor que las ruedas
abrasivas antes y después de la prueba. El diametro de las roldanas debe mantenerse
menor que el didmetro de las ruedas abrasivas durante la prueba. Las ruedas abrasivas
deben cambiarse periédicamente, preferentemente despues de cada 90 minutos de uso.
La fotografia 6 ilustra el Cortador Rotatorio, asi como el molde donde es colocado el
espécimen.
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Ensayes de abrasion en especimenes secos.

a) Preparacion de los especimenes.

Al cumplirse la edad de curado se sacaron los especimenes del cuarto de curado y se
colocaron en el horno a temperatura constante de 50°C durante 24 h.
aproximadamente, ya secos los especimenes se aclimataban al medio ambiente para

posteriormente ser ensayados.

b) Procedimiento de ensaye de acuerdo a la norma ASTM C 944-90 “Método estandar
para determinar la resistencia a la abrasion de concreto o superficies de mortero
segun el metodo Rotacion — Cortante”.

Determinar la masa del espécimen con aproximacion de 0.1 gr

Se coloca el espécimen perpendicular al aparato de abrasion.

Montar el aparato de rotacion cortante en el aparato de abrasion.

Encender el motor a una velocidad baja hasta que se tenga contacto con la
superficie del espécimen.

5. Se continua la abrasion con una carga constante de 20 kg en el espécimen por
dos minutos después del contacto entre el cortador y la superficie. Al final de
cada dos minutos de periodo de abrasion, remover el espécimen de prueba del
aparato de abrasion y limpiar la superficie con una brocha, despues se sopla la

superficie con aire.
6. Determinar la masa del espécimen con una aproximacion de 0.1 gr.

R S

El método establece que se deben tener tres periodos de prueba en diferentes partes
de un concreto o mortero representativo, por lo cual se ensayaron tres especimenes en
cada caso de prueba. Ver Fotografia 4 donde se muestran los especimenes del ensaye de

abrasion

La abrasion se interpreta como promedio de la pérdida en gramos de los tres
especimenes.

Los resultados obtenidos en los ensayes bajo condicion seca se encuentran en las
siguientes tablas:

Tabla No. 1 Resultados de ensayes de abrasion realizados en el concreto con aditivo

bajo la ¢condicién seca a los 3 dias de curado
Tabla No. 2 Resultados de ensayes de abrasion realizados en el concreto de referencia

bajo [a condicion seca a los 3 dias de curado.
Tabla No. 3 Resultados de ensayes de abrasion realizados en el concreto con aditivo

bajo la condicton seca a los 28 dias de curado.
Tabla No. 4 Resultados de ensayes de abrasion realizados en el concreto de referencia

bajo la condicion seca a los 28 dias de curado.
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Ensayes de abrasion en especimenes hiumedos.

a) Preparacién de los especimenes,

Al cumplirse la edad de curado se sacaron los especimenes del cuarto de curado y se
dejaron al medio ambiente hasta lograr la condicién Saturados Superficialmente

Secos.

¢) Procedimiento de ensaye de acuerdo a la norma ASTM C 944-90 “Método estandar
para determinar la resistencia a la abrasién de concreto o superficies de mortero
segtin el método Rotacion — Cortante™.

Determinar la masa del espécimen con aproximacion de 0.1 gr

Se coloca el espécimen perpendicular al aparato de abrasion.

Montar el aparato de rotacién cortante en el aparato de abrasién,

Encender el motor a una velocidad baja hasta que se tenga contacto con la

superficie del espécimen.

5. Se continua la abrasion con una carga constante de 20 kg en el espécimen por dos
minutos después del contacto entre el cortador y la superficie. Al final de cada
dos minutos de periodo de abrasion, remover el espécimen de prueba del aparato
de abrasion y limpiar la superficie con una brocha, después se limpia la
superficie con aire.

6. Determinar la masa del espécimen con una aproximacion de 0.1 gr.

PN -

El método establece que se deben tener tres periodos de prueba en diferentes partes
de un concreto o mortero representativo, por lo cual se ensayaron tres especimenes en

cada caso de prueba.

La abrasion se interpreta como promedio de la pérdida en gramos de los tres
especimenes.

Los resultados obtenidos en los ensayes bajo condicion humeda se encuentran en las
siguientes tablas:

Tabla No. 5 Resultados de ensayes de abrasion realizados en ¢l concreto con aditivo
bajo la condicién hiimeda a los 3 dias de curado.
Tabla No. 6 Resultados de ensayes de abrasién realizados en el concreto de referencia

bajo la condicion humeda a los 3 dias de curado.
Tabla No. 7 Resultados de ensayes de abrasion realizados en el concreto con aditivo

bajo la condicion himeda a los 28 dias de curado.
Tabla No. 8 Resultados de ensayes de abrasion realizados en ¢l concreto de referencia

bajo la condicién hiimeda a los 28 dias de curado.



Ensayes de compresion.

La resistencia a la compresion se determiné en los concretos de referencia y en
los concretos con aditivo para cada relacidn agua — cementante, para comparar estos
resultados con los de la resistencia a la abrasion.

Los ensayes a compresion se realizaron en una maquina universal TINIUS
OLSEN en forma manual con una velocidad de aplicaciéon de carga entre 0.14 y 0.34
Mpa/s de acuerdo a lo especificado en la norma ASTM C-39. La maquina universal

puede verse en la fotografia No. 8.
Los resultados pueden apreciarse en las siguientes tablas:

Tabla No. 9 Resistencia a la compresion del concreto de referencia a los 3 dias de

curado.
Tabla No. 10 Resistencia a la compresion del concreto de referencia a los 28 dias de

curado.
Tabla No. 11 Resistencia a la compresion del concreto con aditivo a los 3 dias de

curado.
Tabla No. 12 Resistencia a Ia compresién del concreto con aditivo a los 28 dias de

curado.



Resultados



Tabla No. 1 Resultados de ensayes de abrasion realizados en el concreto
con aditivo bajo la condicion seca a los 3 dias de curado, expresado en gr.

Refacion A/C Muestra No. Peso inicial Peso final Pérdida promedio

1 3152.8 31496

0.35 2 30555 3052.9 2.6
3 31420 31400
| 31986 3196.4

0.40 2 3130.8 31283 29
3 3181.9 3178.0
| 31523 31488

0.45 2 31945 3190.6 3.6
3 3197.8 3194.5

Tabla No. 2 Resultados de ensayes de abrasion realizados en el concreto de
referencia bajo la condicion seca a los 3 dias de curado, expresado en gr.

Relacién AiC Muestra No. Peso inicial Peso final Pérdida promedio

| 2936.0 2933.0

0.35 2 3005.5 3002.6 31
3 2961.6 29382
1 31533 31499

0.40 2 3236.9 32329 37
3 3232.8 3229.2
1 31725 3169 0

045 2 32393 32351 40
3 32749 3270 3




Tabla No. 3 Resultados de ensayes de abrasion realizados en el concreto
con aditivo bajo la condicion seca a los 28 dias de curado, expresado en gr.

Relacidin A/C Muestra No. Peso inicial Pesa final Pérdida promedia

1 32168 32154

0.35 2 32443 32422 1.8
3 32583 3256.5
1 3204.0 32023

0.40 2 3214.1 3211.9 2.1
3 Ji64.8 3162.5
1 31924 3188.7

0.45 2 32473 32444 3.2
3 32334 32303

Tabla No. 4 Resultados de ensayes de abrasién realizados en el concreto de
referencia bajo la condicion seca a los 28 dias de curado, expresado en gr.

Relacian A/C Muestra No. Pesa inicial Pesa final Pérdida premedio

1 31535 31515

0.35 2 32178 32148 2.4
3 3217.1 32149
l 3256.3 3252.8

040 2 3206 6 3203.7 35
3 31850 3181.0
1 32586 32554

045 2 3231 1 32273 36
3 32052 32013

D




Tabla No. 5 Resultados de ensayes de abrasion realizados en el concreto
con aditivo bajo la condiciéon hiimeda a los 3 dias de curado, expresado en gr.

Relacién AJC Mucstra No. Pesg inicial Peso final Pérdida promedio

1 3180.8 31759

0.35 2 3155.3 3148.1 5.7
3 32235 32186
1 3281.8 32758

0.40 2 31517 3145.6 59
3 3261.0 32555
1 3265.0 3258.0

0.45 2 3257.0 32500 69
3 3273.0 3266.2

Tabla No. 6 Resultados de ensayes de abrasion realizados en el concreto de
referencia bajo la condicion humeda a los 3 dias de curado, expresado en gr.,

Relacién A/C Muestra Na. Peso imicial Peso final Pérdida promedis

1 3166.8 3160.5

0.35 2 3179.8 3173.9 6.6
3 3135.1 3127.5
1 32634 32558

0.40 2 32354 3228.1 74
3 3239.9 3232.7
1 3261.6 3253.7

0.45 2 3278.5 3270.6 80
3 32475 32392




Tabla No. 7 Resultados de ensayes de abrasion realizados en el concreto
con aditive bajo la condicion hiimeda a los 28 dias de curado, expresado en gr.

Relacion A/C Muestra No. Pess inicial Peso final Pérdida promedio

I 32259 3221.0

0.35 2 3205.8 32013 4.7
3 3201.8 3197.0
1 3257.0 3252.0

0.40 2 32543 32496 49
3 3288.2 32833
1 3209.1 3203.1

0.45 2 31943 3187.7 613
3 3269.0 3262.8

Tabla No. 8 Resultados de ensayes de abrasion realizados en el concreto de
referencia bajo la condicion hiimeda a los 28 dias de curado, expresade en gr.

Relacion A/C Muestra Na. Peso inicial Peso final Pérdida promedio

t 32342 32286

0.33 2 31492 31440 51
3 32658 3261 3
| 32776 32712

0.40 2 32746 32680 62
3 32810 32754
1 33347 33283

0,45 2 3333.2 3326.3 66
3 33403 3333.7
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Tabla No. 9 Resistenca a la compresion del concreto de refrencia a los 3 dias de curado.

Relacida A/C Espécimen No. Biimetro Carga Resistencia Promedio
{cm) (kp) (kgfem?) (Mpa) (Mpa)

1 101 25806 322 316

0.35 2 100 29700 378 371 349
3 10.0 28764 366 35.9
l 10.0 27415 349 34.2

040 2 10.0 26094 332 32.6 328
3 10.1 25901 323 31.7
1 10.0 21685 276 271

0.45 2 10.0 23305 297 291 282
3 10.1 23198 290 28.4

Tabla No. 10 Resistenca a la compresion del concreto de refrencia a los 28 dias de curado.

Relacion A/C FspécimenNo. | Didmetro Carga Resistencia Promedio
{em) kg) (kg/em?) (Mpa) (Mpa)

1 10.1 10764 514 504

0.35 2 10.1 40554 506 496 4U 8
3 10.1 40350 504 19 4
l 101 38080 475 1466

040 2 10.1 37750 471 462 480
3 10.0 41076 525 513
1 10.1 33821 422 414

043 2 10 ] 35247 440 431 427
3 101 353356 +44 43 5




Tabla No. 11 Resistenca a la compresion del concreto con aditive a los 3 dias de curado.

Relacién A/C Espécimen No. Diimetro Carga Resistencia Promedio
{em) (kg) {kpfeny’) Mpa) {Mpa)

| 10.0 29500 376 36.8

0.35 2 10.0 28250 360 353 356
3 10.1 28300 353 346
1 10.2 26289 322 313

0.40 2 10.2 31191 382 374 337
3 10.2 26770 329 322
1 10.2 23841 295 28.9

0.45 2 10.2 23161 286 28 1 282
3 10.2 22871 282 27.6

Tabla No. 12 Resistenca a la compresion del concreto con aditive a los 28 dias de curado.

’

Relacion A/C Espécimen No. Didmetrn Carga Resistencia Promedio
(o &g (kg/em?) (Mpa) (Mpa)

1 10.1 40787 509 199

0.35 2 10.1 41700 520 510 50 1
3 10.1 40256 502 493
1 10.0 38180 486 477

0.40 2 10.0 38750 493 484 48 8
3 10.1 41076 513 503
1 100 34145 435 426

0.435 2 10.0 34360 437 429 42.3
3 101 33864 423 414
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Fotografia N° 3.- Moldes y equipo para la
fabricacion de especimenes.
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Fotografia N°5 .- Peso sobre el vastago que
proporciona la fuerza excéntrica.
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Fotografia N° 6.- Cortador rotatorio y molde donde se
coloca el espécimen.
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Fotografia N° 7. - Especimenes después de
haber sido enrayados a la abrasion.
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Discusiones y comentarios.

Influencia del aditive superfluidificante.

La grifica No. 7 muestra que, los concretos sin el uso de aditivo
superfluidificante (SF) presentan menor resistencia a la abrasién que los concretos
similares fabricados con este aditivo para la misma relacion agua — cementante e 1gual
consistencia, ambos ensayados bajo condicion seca Lo mismo podemos observar en la
grafica No. 8 que fueron ensayados bajo condicién hiimeda.

En cuanto a la resistencia a la compresion se puede observar en las graficas No.
13 y 14, que dado a que se utiliza la misma relacioén agua — cementante, hubo una ligera
variacion en la resistencia a la compresion observandose poco aumento de la resistencia
de los concretos usando aditivo (SF) respecto a los concretos fabricados sin aditivo
(SF).

El uso de un aditivo superfludificante nos permite reducir el consumo de cemento
y agua hasta un 12 %, manteniendo la misma relacion agua — cementante y la misma
consistencia y por lo tanto minimizando posibles agrietamientos por retraccion plastica y
por secado. Lo anterior se traduce en una reduccién de costos de produccién asi como
ahorros derivados de la disminucién en los gastos por mantenimiento.

Por consiguiente, podemos tener concretos con la misma resistencia a la
compresion, pero con el uso de un aditivo SF podemos aumentar su resistencia a la
abrasion, y ademas como ya se menciond podemos disminuir los consumos de cemento
y una economia adicional al no necesitar tratamientos superficiales adicionales para
lograr la misma resistencia a la abrasién.



Conclusiones.

1. Los concretos fabricados con aditivo SF proporcionan mayor resistencia a la
abrasion que los concretos fabricados sin aditivo SF.

2. El uso de un aditivo SF ademads de proporcionar mayor resistencia a la abrasion, nos
permite disminuir los consumos de cemento, traduciéndose en un menor costo, asi
como mantener la trabajabilidad.

3. El concreto con aditivo SF a los 28 dias en condicién seca presenta mayor resistencia
a la abrasién que el concreto sin aditivo SF, variando de un 11 a 24 % al disminuir la
relacidn agua — cementante de 0.45 a 0.35.

4. Como era de esperarse al disminuir la relacion agua — cementante en el concreto la
resistencia a la abrasion aumenta, en mayor grado al utilizar el aditivo SF.

5. Los concretos sometidos a la accion abrasiva bajo condicion seca presentaron mayor
resistencia que los concretos ensayados bajo condicion himeda.
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ql[ﬂb Designation: C 33 — 93

Standard Specification for
Concrete Aggregates’

This standard is issuéd under the fixed demgnation C 33; the number immediately followiog the designation indicates the year of
ongnal adoption or. in the case of revision. the year of last revision. A number m parcnthesss indicates the year of last seapproval. A
supcrscnpt epsilon (e} 10dicates an editonal change snce the last revision O reapproval,

This specification has been approved for use by agencies of the Depariment of Defertse. Consull the DoD Index of Specifications and
Standards for the specific year of issue which has been adopied by the Department of Defense.

1. Scope

1.1 This specification defines the requirements for grading
and quality of fine and coarse aggregate (other than light-
weight or heavyweight aggregate) for use in concrete.?

1.2 This speafication may be used by a contractor,
concrete supplier, or other purchaser as part of the purchase
document describing the material to be furnished.

Note |—Thss specification is regarded as adegquate to ensure satis-
factory matenals for most concrete. It is recognized that, for centain
work or in certain regions, it may be either more or less restrictive than
needed. For example. where acstheucs are important, more festnctive
limits may be considered regarding umpurities that would stain the
concrete surface. The specifier should ascertain that aggregates specified
are or can be made avalable in the area of the work, with regard to
grading, physical. or chemical properues, or combination thereof,

1.3 This specification may also be referenced in project
specifications to define the quality of aggregate, the nominal
maximum size of the aggregate, and other specific grading
requirements. Those responsible for selecting the proportions
for the concrete mixture shall bave the respousibility of
determuning the proportions of fine and coarse aggregate and
the addition of blending aggregate sizes if required or
approved.

1.4 Units of Measurement:

1.4.1 With regard to sieve sizes and the size of aggregate as
determined by the use of testing sieves, the values in
inch-pound units are shown for the convenience of the user;
however, the standard sieve designation shown in paren-
theses 1s the standard value as stated in Specification E 11.

1.4.2 With regard to other units of measure, the values
stated in inch-pound units are to be regarded as standard.,

2. Referenced Documents

2.1 ASTM Standards:

C 29/C 29M Test Method for Unit Weight and Voids in
Aggregate’

C 40 Test Method for Organic Impurities in Fine Aggre-
gates for Concrete?

C 87 Test Method for Effect of Organic Impurities ia Fine
Aggregate on Strength of Mortar?

! This specificauon s voder the junsdicnon of ASTM Commutter C-9 on
Concreie and Concrete Aggregaics and 15 the direct responsibility of Subcommuse
€09 20 on Normal Weight Aggrrgates.

Current edition approved Oct. 15. 1993 Published December 1993. Onginally
publishied as C 33 - 21 T. Last previous ediron C 33 -92a

* For lighrwesght aggregates. see Specificauons C 331. C 332, and C 330: for
gcavywenghl aggregates see Specificanon C 637 3ad Descnpuve Nomenclawure

638.
3 4nnual Book o ASTM Standards. Vol 04 02,

10

C 88 Test Method for Soundness of Aggregates by Use of
Sodium Sulfate or Magnesium Sulfate?

C 117 Test Method for Matenals Finer than 75-um (No.
200) Sieve in Mineral Aggregates by Washing®

C 123 Test Method for Lightweight Particles in Aggregate®

C 125 Terminology Relating to Concrete and Concrete
Aggregates’

C 131 Test Method for Resistance to Degradation of
Small-Size Coarse Aggregate by Abrasion and Impact in
the Los Angeles Machine?

C 136 Test Method for Sieve Analysis of Fine and Coarse
Aggregates’

C 142 Test Method for Clay Lumps and Friable Particles
in Aggregates®

C 227 Test Mecthod for Potential Alkali Reactivity of
Cement-Aggregate Combinations (Mortar-Bar Method)?

C 289 Test Methed for Poteatial Alkali-Silica Reactivity of
Aggregates (Chemical Method)®

C 295 Guide for Petrographic Examination of Aggregates
for Concrete?

C 330 Specification for Lightweight Aggregates for Struc-
tural Concrete?

C 331 Specification for Lightweight Aggregates for Con-
crete Masonry Units®

C 332 Specification for Lightweight Aggregates for Insu-
lating Concrete?

C 342 Test Method for Potential Yolume Change of
Cement-Aggregate Combinations?

C 535 Test Method for Resistance to Degradation of
Large-Size Coarse Aggregate by Abrasion and Impact in
the Los Angeles Machine®

C 586 Test Method for Potential Alkali Reactivity of
Carbonate Rocks for Concrete Aggregates (Rock Cyl-
inder Method)?

C 637 Specification for Aggregates for Radiation-Shielding
Concrete?

C 638 Descriptive Nomenciature of Constituents of Aggre-
gates for Radiation-Shielding Concrete?

C 666 Test Method for Resistance of Concrete to Rapid
Freezing and Thawing®

D 75 Practice for Sampling Aggregates*

D 3665 Practice for Random Sampling of Construction
Materials®

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poses®

¢ 4nnual Book of ASTM Standards. Vol 04 03,
3 Annual Book of ASTM Standards. Yol 1402
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TABLE 2 Grading Requirements for Coarse Aggregates

Amounts Finef than Each Laboratory Sieve (Square-Openings), Weight Percent
Nomiinal Size
Sazetumper{  (Seves with  [& 5] gy, 37‘2 2emn | 2in | ven [ tin | v | wa | %n | MO0 ] Nos |06
Sauare Openings) f“m’ @ mm) [ 3| (63 menp | (50 mm) [(37.5 mem{ (25.0 mm| (18.0 mm)](12.5 mm) | (9.5 mm) ‘mm, (2.36 mmy| ¢ k-
1 J'zt01amn 100 |90 to 100 25 to 60 0to 15 Otob
(90 to 37 5 mm)
2 21t 1'%210. 100 (90 to 100| 35t0 70 | Ot 15 OtoS
(63 to 37 5 mm)
3 2W1lin 100 901w 100| 3570 | G015 Oto 5
(S0 to 25.0 mm) .
3857 2in 1o No. 4 100 [95t0100|~ ...8] 35170 1010 30 0to§ .-
(80 tc 4 75 mm)
4 11280 Yeun 100 (910 100| 201055 | 0te 15 Oto5
(375t 190 mm)
467 12 to No. 4 . 100 [95t0 100 351070 10030 | Ota S
(375t 475 mm)
5 1to Yz, e 100 S0101001 20t055 | Ot 10 OtoS
(25010 125 mm)
56 110 ¥ n. 100 8010 100| 401085 | 10to40 | 0t01S | Oto§
(25 0 to 9.5 mm)
57 Tt Qg No 4 - 100 95 to 100 250 60 Qto 10 Dto§
(25010475 mm)
6 Ya 10 ¥ 10, 100 90to 100| 20t055 | 01015 | Ote S
(19 0 10 9.5 mm)
67 Yen toNo. 4 100 S0 te 100 20055 | 0w 10 Qta s
(190104 75 mm)
7 o 1 No 4 100 90t 1100|4070 | Qto 15 Qtos
{(12.5 t0 4.75 mmy)
8 ¥sin toNo 8 100 |85t 100[10to 30| Oto 10 |Otos
(9.5 to 2.36 mm)

6.3 The fine aggregate shail have not more than 45 %
passing any sieve and retained on the next consecutive sieve
of those shown in 6.1, and its fineness modulus shall be not
less than 2.3 nor more than 3.1.

6.4 Fine aggregate failing 10 meet the sieve analysis and
fineness modulus requirements of 6.1, 6.2, or 6.3, may be
accepted provided that concrete made with similar fine
aggregate from the same source has an acceptabie perfor-
mance record in similar concrete construction: or, in the
absence of a demonstrable service record. provided that it is
demonstrated that concrete of the class specified. made with
the fine aggregate under consideration. will have relevant
properties at least equal to those of concrete made with the
same tngredients, with the exception that a reference fine
apgregate be used which is selected from a source having an
acceptable performance record in stmilar concrete construc-
tion.

Nove 3—Fine aggregate that conforms to the grading requirements
of a specification, prepared by another organizauon such as a state
transporianon agency, which 1s 1n general use 1n the area. should be
considered as having a sansfactory senice record with regard to those
congrete propertes affected bv grading.

NoTte 4—Relevant properties are those properties of the concrere
which are important to the partiicular applicauon being considered. STP
169B° provides a discussion of imponant concrete propertics.

6.5 For conunuing shipments of fine aggregate from a
given source. the fineness modulus shall not vary more than
0.20 from the base fineness modulus. The base fineness
modujus shall be that value that 1s tvpical of the source. If
necessary, the base fineness modulus may be changed when
approved by the purchaser.

o Siemticance v Tests una Properties f Comerete and Concrete Mahing
Vaierais STP 1698, ASTM. 1978

NoTe 5—The base fineness modulus should be determined from
previous tests, or if no previous tests exist. from the average of the
fineness modulus vajues for the first ten samples (or all preceding
samples if less than ten) on the order. The proporuoning of a concrete
mixiure may be dependent on the base fineness modulus of the fine
aggregate to be used. Therefore. when it appears that the base fineness
modulus is considerably different from the value used 1n the concrete
mixture, a suitable adjustment n the mixture may be necessary.

7. Deleterious Substances

7.1 The amount of deieterious substances in fine aggre-
gate shall not exceed the limits prescribed 1n Table 1.

7.2 Organic Impuries:

7.2.1 Fine aggregate shall be free of injurious amounts of
organic impurities. Except as herein provided. aggregates
subjected to the test for organic impurities and producing a
coior darker than the standard shail be rejected.

7.2.2 A fine aggregate failing tn the test may be used.
provided that the discoloration is due pnncipally to the
presence of small quantities of coal. lignite. or similar
discrete particles.

7.2.3 A fine aggregate failing in the test mav be used.
provided that. when tested for the effect of organic impunities
on strength of mortar, the relative strength at 7 days.
calculated in accordance with Test Method C 87, is not less
than 95 %.

7.3 Fine aggregate for use in concrete that will be subject
to wetting, extended exposure to humid atmosphere. or
contact with meist ground shall not contain any matenals
that are deletenously reactive with the alkalies in the cement
in an amount sufficient to cause excessive expansion of
montar or concrete. except that if such materials are present
in injunous amounts. the fine aggregate may be used with a
cement containing less than 0.60 ¢ alkahes calcuiated as
sodium oxide equivalent (Na,O + 0.638K.0) or with the
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TABLE 3 Limits for Deieterious Substances and Physical Property Requirements of Coarse Aggregate for Concrete
NOTE—See Fig. 1 for the locaton of the weathenng regions and Note 10 for guidance in using the map. The weathenng regions are dafined as foliows:
(S) Severe Weathenng Region—A cold cliimate whera concrete 13 exposed (o dexemg chermcals or other aggressive agents, or
where concrete may become saturated by continued contact with morsture or free water pnor 1o repeated freezing and thawing.
{M) Moderate Weathenng Region—A cimate where occasonal freezing I8 expected, but where concrete in outdoor service will not
be continually exposed to freezing and thawing in the presence ol morsture or 10 dexcng chemicals.
(N) Negugible Weathening Region—A climate where concrete Is rarely expased to freezing in the presence of moisture
Maximum Allowable. %

Sum of Clay
Class Type or Location of Concrete Clay c Lumps, Fnable Magnesium
gt T et s Lumps and %2 L'ae:; Partcles, and e ! F;'B‘; Comand . . .  Sulate
Fnable Par- S3D) Chert (Less (754um) Sieve Lignite Soungness
ticles g Than 2.40 sp (5 cycles)®
gr SSD)¢
Severe Weathenng Regions
15 Footings, foundations, columns and 10.0 i e 1.0° 1.0 50
beams not exposed to the weather, m-
tenor floor slabs to be given covenngs
28 Intenor fioors without covenngs 5.0 ot = 1.0° 05 50 sia
as Foundation walls above grade, retaining 5.0 5.0 7.0 1.0° 05 50 18
walls, abutments. piers, girders, and
beams expased to the weather
48 Pavements, bndge decks. dnveways 3.0 5.0 5.0 1.0° 05 50 18
and curds, walks, patios, garage fioors,
exposed fioors and porches, or water-
front structures, subject to frequent
werting
58 Exposed architectural concrete 20 30 3.0 1.02 05 50 18
Moderate Weathenng Regions
™ Footings. foundations, columns. and 10.0 1.0° 1.0 50 S
beams not exposed to the weather, in-
ternor floor stabs (o be given covenngs
M Interor floors without cavenngs 5.0 e ee- 1.0° 0.5 50 i
M Foundaticn walls above grade, retaming 5.0 8.0 10.0 1.0° 0.5 S0 18
walls, abutments, piers, girders, and
beams exposed to the weather
aM Pavements, bridge decks. Oriveways 5.0 5.0 7.0 1.02 05 50 18
and curbs, walks, patios, garage floors,
exposed floors and porches. or water-
front structures subject to frequent wet-
ting
5M Exposed architectural corerete 3.0 30 5.0 1.0° oS 50 18
Neghgible Weathenng Regions
N Slabs subject to traffic abraston, bndge 0 o — 1.0° 0.5 50
decks. floors, sidewalks, pavemants
2N All other classes of concrete 10.0 (.. ol 1.0° 10 50 _—

A Crushed arrcooled blast-furnace slag rs excluded from the abrasion requirements. The rodded or jigged uni werght of crushed ar-cooled blast-fumace siag shall be
not less than 70 Ib/1t3 (1120 kg/m3). The grading of slag used in the unit wesght test shall contorm 1o the grading 10 be used in the concrete Abrasion loss of gravel. crushed

gravel. or crushed stone shall be detenmined on the test s2e OF sizes Most nearly camesponding 10 the grading or gradings (o be used n the concrete. When more than

one grading 1s to be used. the hmit on abrasion loss shall apply to each.

8 The allowable limits for soundness shall be 12 % if sodium suifate 1s used.
€ These limitations apply only to aggregates in whuch chert appears as an impunty They are not applicable to gravels that are predommnantly chert. Limitations on

soundness of such aggregates must be based on service records n the snvronment i wiech they are used.
© Thus perceniage may be increased under esther of the following condrtions: (1) if the matenal finer than the No. 200 (75-um) steve 1s essentially free of clay or shale the

percentage may be increased to 1.5, or (2) i the source of the fine aggregate to be used in the concrete s known ta contan |ess than the specidied maximum amount
passing the No. 200 (75q1m) sieve (Table 1) the percentage Lmit (L) on the amount m the coarse aggregate may be increased to L = 1 + ((P)/(100 ~ P)j (T — A), wheie P
= percentage of sand i the concrete as a percent of total aggregate, T = the Table 1 imit for the amount permitted in the fine aggregate. and A = the actual amount n
the fine aggregate (This provides 8 weighted calculation designed to it the maximum mass of matenal passing the No. 200 (75-umy) sieve in the concrete (o that witch
would be obtained if bath the fing and coarse aggregate were supplied at the maximum tabulated percentage for each of these ingredients.)

addition of a material that has been shown to prevent 8.2 Fine aggregate failing to meet the requirements of 8.1
may be accepted, provided that concrete of comparable

harmful expansion due to the alkali-aggregate reaction. (See

Appendix X1.) properties. made from similar aggregate from the same
source, has given satisfactory service when exposed 1o

weathering similar to that to be encountered.

8.3 Fine aggregate mot having a demonstrable service
record and fatling to meet the requirements of 8.1 may be
accepted, provided it gives satisfactory results tn concrete
subjected to freezing and thawng tests (see Test Method C

666).

8. Soundness
8.1 Except as provided in 8.2 and 8.3, fine aggregate
subjected to five cvcles of the soundness test shall have a

weighted average loss not greater than 405 when sodium
sulfate is used or 15 % when magnestum sulfate is used.

&
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FIG. 1

COARSE AGGREGATE

9. Generai Characteristics

9.1 Coarse aggregate shall consist of gravel. crushed
gravel. crushed stone. air<ooled blast furnace slag, or
crushed hvdraulic-cement concrete. or a combinauon
thereof. conforming to the requirements of this specificauon.

NoTe 6—-Alithough crushed hyvdraulic-cement concrete has been
used as an aggregate wath repormed saustactorv results. ns use may
require some addiional precautions. Mixing water requirements mav be
increased because of the harshness of the aggregate. Paruallvy deteno-
raled concrete. used as aggregate. may reduce freeze-thaw resistance,
affect aur voud properties or degrade dunng handling, mixing, or placing.
Crushed concrete may have consuituents that would be susceptible to
alkali-aggregate reactivity or sulfate attack in the new concrete or may
bnng sulfates. chlondes. or organic matenal 1o the new concrete 1n its
pore structure.

10. Grading

10.1 Coarse aggregates shall conform to the requirements
prescribed 1n Table 2 tor the size number specified.

NOTE "—The ranges shown tn Table 2 are by necessity very wide 1n
order 10 accommodate nauonwide conditions For quabhty control of
any spectfic operation. a producer should deselop an average gradation
for the parucular source and preductuon faciliues. and control the
gradation within reasonable tolerances irom this average Where coarse
aggregate sizes numbers 357 or 467 are used. the aggregate should be
turmishea tn at least tMo separate sizes,
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Location of Weathering Hegions

11, Deleterious Substances

11.1 Except for the provisions of 11.3. the limits given in
Table 3 shall apply for the class of coarse aggregate desig-
nated in the purchase order or other document (Notes 8 and
9). If the class is not specified, the requirements for Class 3S.
3M., or IN shall apply in the severe. moderate. and neglig:ble
weathenng regions, respectivelv (see Table 3 and Fig, 1).

NoTE 8-—The specifier of the aggregate should designate 1he class of
coarse aggregate 10 be used in the work, based on weathenng sevent\.
abrasion, and other factors of exposure. (See Table 3 and Fig. 1.) The
limits for coarse aggregate corresponding o ¢ach class designation are
expected to ensure satisfactory performance in ¢oncrete for the respec-
tive type and locanion of construction. Selecting a class wath unduly
restnetive limits may result in unnecessarv cost if matenais meeung
those requirements are not lpcallv avallable. Selecting a ciass with
lenient imits may result in unsausfactory performance and premature
detertorauon of the concrete. While concrete in different parts of a single
structure may be adequatelv made with different classes of coarse
aggregate. the spectfier may wish to require the coarse aggregate for all
concrete 10 conform to the same more restnictinve class o reduce the
chance of fumishung concrete with the wrong class of aggrepate.
especially on smaller projects.

Note 9—For coarse aggregate 1n concrete exposed 10 weathenng. the
map with the weathenng regions shown 1o Fig. | 1s intended to sene
only as a gude 1o probable weathenng seveniv Those undertaking
construcuon. especially oear the boundanes of weathenng regions.
should consult local weather bureau records for amount of winter
precipnation and number of freeze-thaw cvcles 1o be expected. for
determining the weathenng seventy for establishing 1est requirements of
the coarse aggregate. For comstructon ai alutudes exceeding 3001 1
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preparation of samples for soundness or abrasion tests. For
determination of all other tests and for evaluation of

(1520 m) above sea level. the likehhood of more severe weathering than
wndicated by the map should be considered. In and areas, seventy of

weathening may be less thaa that indicated. In either case, the definiuons
of weathening seventy in Table 3 would govern. If there is doubt 1n
choosing between two regions, select the more severe weathenng region.

11.2 Coarse aggregate for use¢ in concrete that will be
subject to wetting, extended exposure to humid atmosphere,
or contact with moist ground shall not contain any materials
that are deleteriously reactive wath the atkalies in the cement
in an amount sufficient to cause excessive expansion of
mortar or concrete except that if such materials are present
in injurious amounts, the coarse aggregate may be used with
a cement containing less than 0.60 % alkalies calculated as
sodium oxide equivalent (Na.O + 0.658K.Q) or with the
addition of a matenal that has been shown to prevent
harmful expansion due to the alkali-aggregate reaction. (See
Appendix X1.).

11.3 Coarse aggregate having test resuits exceeding the
limits specified in Table 3 may be accepted provided that
concrete made with similar aggregate from the same source
has given sausfactory service when exposed in a similar
manner to that to be encountered; or, in the absence of a
demonstrable service record. provided that the aggregate
produces concrete having sausfactory relevant properties (see
Note 4).

METHODS OF SAMPLING AND TESTING

12. Methods of Sampling and Testing

12.1 Sample and test the apgregates in accordance with
the following methods, except as otherwise provided in this
specification. Make the required tesis on test specimens that
comply with requirements of the designated test methods.
The same test specimen may be used for sieve analysis and
for determination of material finer than the No. 200 (75-um)
sieve. Separated sizes from the sieve analysis may be used in

potential alkali reactivity where required, use independent
test specimens.

12.1.1 Sampling—Practice D 75 and Practice D 3665.

12.1.2 Grading and Fineness Moduius—Test Method
C 136.

12.1.3 Amount of Material Finer than No. 200 (75-um)
Sieve—Test Method C 117.

12.1.4 Organic Impurities—Test Method C 40.

12.1.5 Effect of Organic Impurities on Strength—Test
Method C 87.

12.1.6 Soundness—Test Method C 88.

12.1.7 Clay Lumps and Friable Parricles—Test Method
C 142.

12.1.8 Coal and Lignite—Test Method C 123, using a
liquid of 2.0 specific gravity to remove the particles of coal
and lignite. Only matenal that is brownish-black, or black,
shall be considered coal or lignite. Coke shall not be classed
as coal or lignite.

12.1.9 Weight of Slag—Test Methad C 29.

12.1.10 Abrasion aof Coarse Aggregate—Test Method
C 131 or Test Method C 535,

12.1.11 Reactive Aggregares—See Appendix X1,

12.1.12 Freezing and Thawing—Procedures for making
freezing and thawing tests of concrete are descnibed in Test
Method C 666.

12.1.13 Chert—Test Method C 123 is used to identify
particles in a sample of coarse aggregate lighter than 2.40
specific gravity, and Practice C 295 to identify which of the
particles in the light fracuion are chert.

13. Keywords

13.1 aggregates: coarse apgregate; concrete aggregates; fine
aggregate

APPENDIX

(Nonmandatory Information)

Xi. METHODS FOR EVALUATING POTENTIAL REACTIVITY OF AN AGGREGATE

X1.1 A number of methods for detecting potential reac-
uvity have been proposed. However. they do not provide
quanutative information on the degree of reactivity to be
expected or tolerated in service. Therefore, evaluation of
potenual reacnvity of an aggregate should be based upon
judgment and on the interpretation of test data and exami-
nation of concrete structures coniaining a combination of
fine and coarse aggregates and cements for use in the new
work. Results of the following tests may assist in making the
evaluanon:

X1.1.1 Practice C 295—Cenain matenals are known to
be reactive with the alkalies in ¢cements. These include the
following forms of silica: opal. chalcedony, tridymite. and
cnistobalite; intermediate 1o acid (silica-nch) volcanic glass
such as is likely to occur in rhyolite. andesite. or dacite:
certain zeoiites such as heulandite: and certain constituents
of some phyllites. Determination of the presence and quan-

tities of these materials by petrographic examination is
helpful in evaiuating potential aikali reactivity. Some of these
matenals render an aggregate deleteriously reactive when
present in quantities as little as 1.0 % or even less.

X1.1.2 Test Method C 289—In this test method. aggre-

gates represented by points lving to the right of the solid line

of Fig. 2 of Test Method C 289 usually should be considered
potentially reactive.

XI1.1.2.1 If R, exceeds 70. the aggregate is considered
potentially reactive if S, is greater than R..

X1.1.2.2 If R, is less than 70. the aggregate is considered
potenually reactive if S, is greater than 35 + (R, 2).

X1.1.2.3 These criteria conform to the solid line curve

given in Fig. 2 of Test Method C 289. The test can be made

quickly and. while not completely reliable in all cases.
provides helpful information. especially where results of the
more time-consuming tests are not available.
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X1.1.3 Test Method C 227~The resuits of this test
method when made with a high-alkali cement, furnish
information on the likelihood of harmful reactions occur-
nng. The alkali content of the cement should be substantially
above 0.6 %. and preferably above 0.8 %, expressed as
sodium oxide. Combinations of aggregate and cement that
have produced excessive expansions in this test usuaily
should be considered potentiaily reactive. While the line of
demarcation between nonreactive and reactive combinations
is not clearly defined, expansion is generally considered to be
excessive if it exceeds 0.05 % at 3 months or 0.10 % at 6
manths. Expansions greater than 0.05 % at 3 months should
not be considered excessive where the 6-month expansion
remains below 0.10 %. Data for the 3-month tests shouid be
considered only when 6-month results are not available.

X1.1.4 Test Method C 342—This test method is intended
primanly for research concerning the potential expansion of
cement-aggregate combinations subjected to vanations of
temperature and water saturation during storage under
prescribed conditions of test. Its use s mainly by those
interesied in research on aggregates that are found in parts of
Kansas. Nebraska, lowa and possibly other adjoining areas.

X1.1.4.1 In addition to its usefulness in research, this test
method has been found useful in the selection of aggregates
of the so-called “sand-gravel” type found mainly in some
parts of Kansas. Nebraska and lowa. which contain very
little coarse material: generally 5 to 1S % retained on the No.
4 (4.75-mm) sieve. Much work has been done on the
problems of using these aggregates successfully in concrete
and is reported in summary in the “Final Report of
Cooperative Tests of Proposed Tentative Method of Test for

Potential Volume Change of Cement-Aggregate Combina-
tions,” Appendix to Committee C-9 Report, Proceedings.
ASTM, Volume 54, 1954, p. 356. It indicates that cement-
aggregate combinations tested by this procedure in which
expansion equals or exceeds 0.200 % at an age of | year may
be considered unsatisfactory for use in concrete exposed to
wide vanations of temperature and degree of saturation with
water. In that geographical region, the problem has been
reduced through the uvse of parual replacement of the
“sand-gravel™ with limestone coarse aggregate.

X1.1.5 Potential Reactivity of Carbonate Aggregates—
The reaction of the dolomite in certain carbonate rocks with
alkalies in portland cement pasie has been found to be
associated with deleterious expansion of concrete containing
such rocks as coarse aggregate. Carbonate rocks capable of
such reaction possess a characteristic texture and composi-
tion. The charactenstic texture is that in which relatively
large crystals of dolomite are scartered in a finer-grained
matrix of calcite and clay. The characteristic composition is
that in which the carbonate portion consists of substantial
amounts of both dolomite and calcite, and the acid-insoluble
residue contains a significant amount of clay. Except in
certain areas, such rocks are of relatively infrequent occur-
rence and seidom make up a significant proportion of the
matenal present in a deposit of rock being considered for use
in making aggregate for concrete. Test Method C 586 has
been successfully used in () research and (2) preliminary
screening of aggregate sources to indicate the presence of
matenal with a potential for deleterious expansions when
used in concrete.

The American Society for Testing and Maternials takes no postion respecting the validity of any patant rights asserted in connection
with any item mentioned 1n (s stanaard Users of this standard are expressly aavised that determunation of the vaiidity of any such
patent nghts, and the nisk of infringement of such rights, are entirely their Own responsiDiily.

This siandard is subject o revision at any tme by the responsible technical committee and must be reviewed every five years and
i not revisea. etther reapproved or withdrawn Your comments are invited sither tor revision of this standard or for additional standards
ana shoutd be addressed o ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsibie
tecnnical commitiee. which you may attend if you feef that your comments have not receved a fair heanng you shouid make your
views known ta the ASTM Commimtee on Standards. 1916 Race St., Philadelphia, PA 19103.

16



QH]}) Designation: C 39 - 96

Standard Test Method for

Compressive Strength of Cylindrical Concrete Specimens’

This standard is 1sstied under the fited desgnation C 39; the number immediately following the designation 1ndicates the year of
onginal adopton or. 1 the case of revision. the year of last reviston. A aumber 10 parentheses indicates the year of last reapproval. A
superscnpt epsilon (¢) indicates an editonal change smce Lhe last revison or teapproval.

This test method has been approved for use by agencies of the Department of Defense Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopied by the Depariment of Defense.

1. Scope

1.1 This test method covers determination of compressive
strength of cviindrical concrete specimens such as molded
cylinders and dnlled cores. It 1s limited to concrete having a
unit weight in excess of 50 Ib/ft* (800 kg/m?).

1.2 The values stated In inch-pound units are to be
regarded as the standard.

1.3 This standard does not purport to address all of the
safety concerns, If any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.4 The text of this standard refereaces notes which
provide explanatory material. These potes shall not be
considered as requurements of the standard.

2. Referenced Documents

2.1 ASTM Standards:

C 31 Practice for Making and Cuning Concrete Test
Specimens in the Field?

C 42 Test Method for Obtaining and Testing Drilled Cores
and Sawed Beams of Concrete?

C 192 Practice for Making and Curing Concrete Test
Specimens ia the Laboratory?

C 617 Pracuce for Capping Cylindrical Concrete Speci-
mens?

C 670 Practice for Preparing Precision and Bias State-
ments for Test Methods for Construction Materials®

C 873 Test Method for Compressive Strength of Concrete
Cylinders Cast in Place in Cylindrical Molds*

C 1077 Practice for Laboratories Testing Concrete and
Concrete Aggregates for Use in Construction and Co-
teria for Laboratory Evaluation?

C 1231 Practice for Use of Unbonded Caps in Determina-
tion of Compressive Strength of Hardened Concrete
Cylinders?

E 4 Practices for Force Verification of Testing Machines?

E 74 Practice for Calibration of Force-Measuring Instru-
ments for Verifving the Load Indicaunon of Tesung
Machines®

Manual of Aggregate and Concrete Testing?

! This test method 15 ynder the jurisdictiop of ASTM Commttze C-9 on
Coocrete and Concrete Aggregates and 1s the direct responsibunty of Subcommuties
C09 6! on Tesnng Concreie for Sueogth.

Current edison approved Aug. 10, 1996, Published October 1996 Omgnally
published as C 39 - 21 T. Last previous ediion C 39 - 94,

2 Annwal Book of ASTM Stanaards, Vol 04,02.

3 Annuai Book of ASTM Standards, Vol 03.01.

2.2 American Concrete Institute:
CP-16 Concrete Laboratory Testing Technician, Grade 1.2

3. Summary of Test Method

3.1 This test method consists of applying a compressive
axial load to molded cylinders or cores at a rate which is
within a prescribed range until failure occurs. The compres-
sive strength of the specimen is calculated by dividing the
maximum load attained during the test by the cross-sectional
area of the specimen,

4, Significance and Use

4.1 Care must be exercised in the interpretation of the
significance of compressive strength determinations by this
test method since strength is not a fundamental or intrinsic
property of concrete made from given materials. Values
obtained will depend on the size and shape of the specimen,
batching, mixing procedures, the methods of sampling,
molding, and fabricaton and the age, temperature, and
moisture conditions during curing.

4.2 This test method is used to determine compressive
strength of cylindrical specimens prepared and cured in
accordance with Practces C 31, C 192, C617 and C 1231
and Test Methods C 42 and C 873.

4.3 The results of this test method are used as a basis for
quality control of concrete proportioning, mixing, and
placing operations; determination of comphance with speci-
fications; control for evaluating effectiveness of admixtures
and similar uses.

4.4 The individual who tests concrete cylinders for accep-
tance testing shall have demonstrated a knowledge and
ability to perform the test procedure equivalent to the
minimum guidelines for certification of Concrete Laboratory
Technician, Level 1, in accordance with ACI CP-16.

Note 1—The testing laboratory performing thus test method should
be evaluated in accordance wath Pracuce C 1077.

5. Appearatus

5.1 Testing Machine—The testing machine shall be of a
type having sufficient capacity and capable of providing the
rates of loading prescribed in 7.5.

5.1.1 Venfication of calibration of the testing machines in
accordance with Practices E 4 is required under the following
conditions:

5.1.1.1 After an elapsed interval since the previous verifi-

4 Avalable from Amencan Concrete [ostutute, PO Box 19150, Detron. Ml
48219-0150.
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cation of |8 months maximum, but preferably after an
interval of 12 months,

5.1.1.2 On onginal installation or relocation of the ma-
chine.

5.1.1.3 Immediately after making repairs or adjustments
that affect the operation of the force applying system of the
machine or the values displayed on the load indicating
system. except for zero adjustments that compensate for the
mass of beanng blocks, or specimen, or both, or

5.1.1.4 Whenever there is reason to doubt the accuracy of
the results, without regard to the time interval since the last
verification.

5.1.2 Design—The design of the machine must include
the following features:

$.1.2.1 The machine must be power operated and must
apply the load continuously rather than intermittently, and
without shock. If it has onlv one loading rate (meeting the
requirements of 7.5), it must be provided with a supple-
mental means for loading at a rate suitable for verification.
This supplemental means of loading may be power or hand
operated.

NoTE 2—High-strength concrete cylinders rupture more intensely
than normal strength cylinders. As a safety precaution, it 1S recom-
mended that the tesung machines should be equpped with protecove

fragment guards.

5.1.2.2 The space provided for test specimens shall be
large enough to accommodate. in a readable position, an
¢lasuc calibration device which is of sufficient capacity to
cover the potential loading range of the testing machine and
which complies with the requirements of Practice E 74.

NOTE 3—The types of elastic calibration devices rnost generally
avarlable and most commonly used for this purpose are the circular
proving nng or load cell.

5.1.3 Accuracy—The accuracy of the testing machine
shall be in accordance with the foilowing provisions:
5.1.3.1 The percentage of error for the loads wathin the
proposed range of use of the tesung machine shall not exceed
=1.0 % of the indicated load.
5.1.3.2 The accuracy of the testing machine shall be
verified by applying five test loads in four approximately
equal increments in ascending order. The difference between
any two successive test loads shall not exceed one third of the
difference between the maximum and minimum test loads.
5.1.3.3 The test load as mdicated by the testing machine
and the applied load computed from the readings of the
verfication device shall be recorded at each test point.
Calculate the error. E. and the percentage of error. £, for
each point from these darta as follows:
E={-8
E, = 100(4 — BYB

where:

A = load. Ibf (or N) indicated by the machine being verified,
and

B = applied load. Ibf (or N) as determined by the calibrating
device.

5.1.3.4 The report on the venficaton of a testing machine
shall state within what loading range 1t was found tec conform
to specificauon requirements rather than reporting a blanket
acceptance or rejection. In no case shall the loading range be

stated as including loads below the vaiue which is 100 time
the smallest change of load estimabie on the load-indicatin
mechanism of the tesung machine or loads within tha
portion of the range below [0 % of the maximum rang
capacity.

5.1.3.5 In no case shall the loading range be stated a
including loads outside the range of loads applied during the
verification test,

5.1.3.6 The indicated load of a testing machine shall no
be corrected either by calculation or by the use of .
calibration diagram to obtain values within the requirec
permmussible vaniation.

5.2 The testing machine shall be equipped with two steel
bearing blocks with hardened faces (Note 4), one of which 1s
a spherically seated block that will bear on the upper surface
of the specimen, and the other a solid block on which the
specimen shall rest. Bearing faces of the blocks shall have a
minimum dimension at least 3 % greater than the diameter
of the specimen to be tested. Except for the concentric circles
described beiow, the bearing faces shail not depart from a
plane by more than 0.001 in. (0.025 mm) in any 6 in. (152
mm) of blocks 6 in. in diameter or larger, or by more than
0.001 in. in the diameter of any smaller block: and new
blocks shail be manufaciured within one half of this toler-
ance, When the diameter of the bearing face of the sphen-
cally seated block exceeds the diameter of the specimen by
more than !4 in. (13 mm), cong¢eatric circles not more than
/32 in. (0.8 mm) deep and not more than ¥s4 in. (1.2 mm)
wide shall be inscribed to facilitate proper centering.

NoOTE 4—It is desirabie that the bearing faces of blocks used for
compression testing of concrete have a Rockwell hardness of not less
than 55 HRC.

5.2.1 Bottom bearing blocks shall conform to the fol-
lowing requirernents:

5.2.1.1 The bottom beaning block is specified for the
purpose of providing a readily machinable surface for
maintenance of the specified surface conditions (Note $).
The top and bottom surfaces shall be parailel to each other, If
the testing machme 1s so designed that the platen itself 1s
readily maintained in the specified surface condition, a
bottom block is not required. Its least honzontal dimension
shall be at least 3 % greater than the diameter of the
specimen to be tested. Concentric circles as described in 5.2
are optional on the bottom block.

NoTe 5—The block may be fastened to the platen of the testng
machine.

5.2.1.2 Final centering must be made with reference to the
upper spherical block. When the lower beanng block 1s used
to assist in centering the specimen. the center of the
concentric rings. when provided. or the center of the block
itself must be directly below the center of the sphencal head.
Provision shall be made on the platen of the machine to
assure such a position.

5.2.1.3 The bottom bearing block shail be at least | in. (25
mm) thick when new, and at least 0.9 n. (22.5 mm) thick
after any resurfacing operauons.

5.2.2 The sphencally seated beaning block shall conform
to the following requirements:

©
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suspended spherically seated block shall mot exceed the
values given below:

Drameter of Maxumum Drameter
Test Specimens, of Beanog Face,
1. (mm) . (mm)
2051 4(102)
3 (76) S{2N
4(102) 614 (165)
6 (152) 10 (254)
8(203) 11 (279)

NoTE 6—Squarc beaning faces are permissible, provided the diameter
of the largest possible inscnbed circle does not exceed the above
diameter.

5,2.2.2 The center of the sphere shall coincide with the
surface of the bearing face withun a tolerance of £5 % of the
radius of the sphere. The diameter of the sphere shall be at
least 75 % of the diameter of the specimen to be tested.

5.2.2.3 The ball and the socket must be so designed by the
manufacturer that the steel in the contact area does not
permanently deform under repeated use, with loads up to
12 000 psi (82.7 MPa) on the test specimen.

Nore 7—The preferred contact area is in the form of a ring
(descnibed as preferred “bearing” area) as shown on Fig. |.

spherical portion shall be kept clean and shall be lubricated
with a petroleum-type oil such as conventional motor oil,
not with a pressure type grease. After contacting the spec-
imen and application of small initial load. further tilting of
the spherically seated block is not intended and is undesir-
able.

5.2.2.5 If the radius of the sphere is smaller than the
radius of the largest specimen to be tested, the portion of the
beanng face extending beyond the sphere shall have a
thickness not less than the difference between the radins of
the sphere and radius of the specimen. The least dimension
of the beanng face shall be at least as great as the diameter of
the sphere (see Fig. 1).

held closely in the spherical seat, but the design shall be such

NN NN

SOCKET

PREFERRED
BEARING
AREA
4
faLL

o

T MUST BE NO LESS THAN (R~-r)

TEST SPECIMEN

e I
NoTE—Provision shall be made for hoiding the ball in the socket and for holding
the entrg unit In the tesung maching.
FIG. 1 Schematic Sketch of a Typical Spherical Beanng Block

that the bearing face can be rotated freely and tilted at least
4° in any direction.

5.3 Load Indication:

5.3.1 If the load of a compression machine used in
concrete testing is registered on a dial. the diaf shall be
provided with a graduated scale that is readable to at least the
nearest 0.1 % of the full scale load (Note 8). The dial shail be
readable within 1 % of the indicated load at any given load
level within the loading range. In no case shall the loading
range of a dial be considered to include ioads below the value
that is 100 times the smallest change of load that can be read
on the scale. The scale shall be provided with a graduation
line equal to zero and so numbered. The dial pointer shall be
of sufficient length to reach the graduation marks; the width
of the end of the pointer shall not exceed the clear distance
between the smallest graduauons. Each dial shall be
equipped with a zero adjustment located outside the dialcase
and easily accessible from the front of the machine while
observing the zero mark and dial pointer. Each dial snall be
equipped with a saitable device that at all times until reset,
will indicate to within | % accuracy the maximum load
appiied to the specimen.

Note 8—Readability is considered to be Vs in. (0.5 mm) along the
arc described by the end of the pointer. Also. one half of a scale interval
is readable with reasonable certamnty when the spacing on the load
indicating mechanism is between Y45 in. (I mm) and %is in. (1.6 mm).
When the spacing is between Yi¢ in. and % in. (3.2 mm), one third of a
scale interval is readable with reasonable certainty. When the spacing 1s
Y in. or more, one fourth of a scale mierval is readable wath reasonable
certainty.

5.3.2 If the testing machine load is indicated in digital
form, the numerical dispiay must be large enough to be
easily read. The numencal increment must be equal to or
less than 0.10 % of the full scale load of a given loading
range. In no case shail the verified loading range include
loads less than the minimum numerical increment multi-
plied by 100. The accuracy of the indicated load must be
within 1.0 % for any value displayed within the verified
loading range. Provision must be made for adjusung to
indicate true zero at zero Joad. There shall be provided a
maximum load indicator that at all tmes untl reset will
indicate within | % system accuracy the maximum load
applied to the specimen.

6. Specimens

6.1 Specimens shall not be tested if any individual diam-
eter of a cylinder differs from any other diameter of the same
cylinder by more than 2 %.

Note 9—This may occur when single use molds are damaged or
deformed during shipment, when flexible sipgle use molds are deformed
duning molding or when a core dnll deflects or shifts duning dnlhing.

6.2 Neither end of compressive test specimens when
tested shall depart from perpendicularity to the axis by more
than 0.5° (approximately equivalent to s in. in 12 in. (3 mm
in 300 mm)). The ends of compression test specimens that
are not plane within 0.002 in. (0.050 mm) shall be sawed or
ground to meet that tolerance, or capped in accordance with
either Practice C 617 or Pracuce C 1231. The diameter used
for calculating the cross-sectional area of the test specimen
shall be determined to the nearest 0.0! in. (0.25 mm)} by
averaging two ditameters measured at right angles to each
other at about mdhe:ght of the specimen.
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6.3 The number of individual cylinders measured for
determination of average diameter may be reduced to one
for each ten specimens or three specimens per day, which-
ever is greater, if all cylinders are known to have been made
from a single lot of reusable or single-use molds which
consistently produce spectmens with average diameters
within a range of 0.02 in. (0.51 mm). When the average
diameters do not fall within the range of 0.02 in. or when the
cylinders are not made from a single lot of molds, each
cylinder tested must be measured and the value used in
calculation of the unit compressive strength of that spec-
imen. When the diameters are measured at the reduced
frequency, the cross-sectional areas of all cylinders tested on
that day shail be computed from the average of the diameters
of the three or more cylinders representing the group tested
that day.

6.4 The length shall be measured to the nearest 0.05 D
when the length to diameter ratio is less than 1.8, or more
than 2.2, or when the volume of the cylinder is determined
from measured dimensions.

7. Procedure

7.1 Compression tests of moist-cured specimens shall be
made as soon as practicable after removal from moist
storage.

7.2 Test specimens shall be kept moist by any convenient
method dunng the period between removal from moist
storage and testing. They shall be tested in the moist
condition,

7.3 All test specimens for a given test age shall be broken
within the permussible time tolerances prescribed as follows:

Test Age Permisable Tolerance

24 h +205hor2.1%

3 days 2hor28%

7 days 6hor3.6%
28 days 20bor3.0%
90 days 2days 22 %

7.4 Placing the Specimen—Place the plain (lower) bearing
block, with its hardened face up, on the table or platen of the
testing machine directly under the sphernically seated (upper)
bearing block. Wipe clean the bearing faces of the upper and
lower bearing blocks and of the test specimen and place the
test specimen on the lower bearing block. Carefully align the
axis of the specimen with the center of thrust of the
spherically seated biock.

7.4.1 Zero Verification and Block Seating—Prior to
testing the specimen, verify that the ioad indicator is set 1o
zero. In cases where the indicator is not properly set to zero,
adjust the indicator (Note 10). As the spherically seated
block is brought to bear on the specimen, rotate its movable
sortion gently by hand so that yniform seating is obtained.

NoteE 10—The technique used to verify and adjust load indicator o
zero will vary depending on the machine manufacturer. Consult your
>wner’s manual or compression machine calibrater for the proper
echmgue.

7.5 Rate of Loading—Apply the load continuously and
vithout shock.

7.5.1 For testing machines of the screw type, the moving
head shall travel at a rate of approximately 0.05 in. (1.3
mm)/min when the machine is running idle. For hydrauli-
cally operated machines, the load shall be applied at a rate of
movement (platen to crosshead measurement) corre-
sponding to a loading rate on the specimen within the range
of 20 to 50 psi/s (0.14 to 0,34 MPa/s). The designated rate of
movement shall be maintained at least during the latter half
of the anticipated loading phase of the testing cycie.

7.5.2 During the application of the first half of the
anticipated loading phase a higher rate of loading shall be
permitted.

7.5.3 Make no adjustment in the rate of movement of the
platen at any time while a specimen is yielding rapdly
immediately before failure.

7.6 Apply the load until the specimen fails, and record the
maximum load carmied by the specimen during the test. Note
the type of failure and the appearance of the concrete.

8. Calcnlation

8.1 Caiculate the compressive strength of the specimen
by dividing the maximum load carried by the specimen
during the test by the average cross-sectional area determined
as described in Section 6 and express the resuit to the nearest
10 psi (69 kPa).

8.2 If the specimen length to diameter ratio is less than
1.8, correct the result obtained in 8.1 by multiplying by the
appropriate correction factor shown in the following table:

L/D: L73 1.5¢ 125 1.00
Factor 0.98 0.96 0.93 0.87 (Note I1)

NoTE 11—These correction factors apply to lightweight concrete
weighing between 100 and 120 Ib/ft* (1600 and 1920 kg/m?) and to
pormal wexght concrete, They are applicable to concrete dry or soaked at
the time of loading Values not given in the table shall be determined by
interpoiation. The correction factors are applicable for nominal concrete
strengths from 2000 to 6600 psi (13.8 to 41.4 MPa).

9. Report

9.1 Report the following information:

9.1.1 Identification number,

9.1.2 Diameter (and length, if outside the range of 1.8D to
2.2D), in inches or millimetres,

9.1.3 Cross-sectional area, in square inches or square
centmetres,

9.1.4 Maximum load, in pounds-force or newtons.

9.1.5 Compressive strength calculated to the nearest 10
psi or 69 kPa,

9.1.6 Type of fracture, if other than the usual cone (see
Fig. 2),

9.1.7 Defects in either specimen or caps, and.

9.1.8 Age of specimen.

10. Precision and Bias

10.1 Precision—The single operator precision of tests of
individual 6 by 12 in. (150 by 300 mm) cylinders made {rom
a well-mixed sample of concrete 1s given for cylinders made
tn a laboratory environment and under normal field condi-
tiops (see 10.1.1),
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FiG. 2 Sketches of Types of Fracture
Coefﬁdentff Acceptable Range of4 tions and a collecion of 1265 test reports from 225
Vamaton el 3 ey commercial testing laboratories in 1978.°
Single operator ] ;
Laboratory conditions 237% 66 % 78% Note 12—Subcommittec C09.03.01 will re-examine recent CCRL
Field conditions 287% 80% 9.5% Concrete Reference Sample Program data and field 1est data to see if
these values are representative of current practice and if they can be

A These numbers represent respoctively the (Is) and (d2s) limits as described in
Pracuce C 670.

10.1.1 The values given are applicable to 6 by 12 in. (150
by 300 mm) cylinders with compressive strength between
2000 and 8000 psi (12 to 55 MPa), They are derived from
CCRL concrete reference sample data for laboratory condi-

extended to cover a wider range of strengths and specimen sizes.

10.2 Bias—Since there is no accepted reference material,
no statement on bias is being made.

3 Rescarch report RR:C09-1006 is on file at ASTM Headquarters.

The Amenican Socisty for Tasting and Materigls (akes no pasition respecting the validity of any patent rights asserted In connection
with any item mentionsd in this stanoard, Users of this standerd &re expressly edvised that datermination of the vaiidity of any such
patent nights, and the risk of infringament of such rights, ars entirely their own respansibilfty,

This standard is subject lo revision at any time by the rasponsible technica! committea and muist be reviewed every five years and
f not revisad, either reapproven or withdrawn. Your comments are invited elther for revision of this standard or for additronal standards

and should be addressad to ASTM Headquarters. Your comments will receswe caraful consierstion & & meeting of the resporsible
technical committes, which you may attend. if you feel that your comments have not recerved a falr heanng you should make your

views known to the ASTM Comumities on Standsrds, 100 Barr Harbor Dyive, West Canshohocken, PA 19428.
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qﬂ'ﬂ’ pesignation: C 192/C 192M - 95

Standard Practice for

Making and Curing Concrete Test Specimens

in the Laboratory’

Thus standard 15 wsued under the fixed designanon C 192/C 192M: the pumber immedsately following the dessgnation mdicates the
year of onginal adopiion or, 10 the case of revision, the year of last revision. A number 10 parentheses indicates the year of last

reapproval. A supersnipt epstlon (¢) indicates an editonal change since the last revision or reapproval.

This pracitce has been approved for use by agencres of the Departmert of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of 1ssue which has been adopted by the Department of Defense.

1. Scope

1.1 This practice covers procedures for making and curing
test specimens of concrete in the laboratory under accurate
control of materials and test conditions using concrete that
can be consolidated by rodding or vibration as described
herein.

1.2 The values stated in either inch-pound units or SI
units shall be regarded separately as standard. The SI units
are shown in brackets. The values stated in each system are
not exact equivalents; therefore, each system shall be used
independently of each other. Combining values from the two
systems may result in nonconformance.

1.3 This standard does not purport to address all of the
safety concerns. if any, associated with s use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 3t Practice for Making and Curing Couocrete Test
Specimens 1n the Field?

C 70 Test Method for Surface Motsture in Fine Aggregate?

C 125 Terminology Relating to Concrete and Concrete
Aggregates®

C 127 Test Method for Specific Gravity and Absorption of
Coarse Aggregate?

C 128 Test Method for Specific Gravity and Absorption of
Fine Aggregate?

C 138 Test Method for Unit Weight, Yield, and Air
Content (Gravimetric) of Concrete?

C 143 Test Method for Slump of Hydraulic Cement
Concrete?

C 172 Practice for Sampling Freshly Mixed Concrete?

C 173 Test Method for Air Content of Freshly Mixed
Concrete by the Volumetric Method?

C 231 Test Method for Air Content of Freshly Mixed
Concrete by the Pressure Method?

C 470 Specification for Molds for Forming Concrete Test
Cylinders Vertically?

! This pracuce s under the yunsdicuoa of ASTM Commuttee C-9 on Concrete
18d Concreie Aggregates and 1s the durect responsbility of Subcomnutiee C09.61
) Tesung Concrete tor Strength,

Current ehuon approved Oct 10, 1995. Published January 1996 Onginally
wbhished as C 192 - 44 T Last previous edibon C 192 - 90a.

* 4anual Book of ASTAM Standards, Vol 04 02.

C 511 Specification for Moist Cabinets. Moist Rooms. and
Water Storage Tanks Used in the Testing of Hydraulic
Cements and Concretes®

C 566 Test Method for Total Moisture Content of Aggre-
gate by Drying?

C 567 Test Method for Unit Weight of Structural Light-
weight Concrete?

C 617 Practice for Capping Cylindrical Concrete Speci-
mens?

C 1064 Test Method for Temperature of Freshly Mixed
Portland-Cement Concrete?

C 1077 Practice for Laboratories Testing Concrete and
Concrete Aggregates for Use in Construction and Cn-
teria for Laboratory Evaluation?

E 171 Specification for Standard Atmospheres for Condi-
tioning and Testing Materials®

2.2 NIST Document?

Handbook 44 Specifications, Tolerances. and other Tech-
nical Requirements for Commercial Weighing and Mea-
suring Devices

2.3 American Concrete Institute Publications:’

211.3 Practice for Selecting Proportions for No-Slump

Concrete

3. Significance and Use

3.1 This practice provides standardized requirements for
preparation of materials, mixing concrete, and making and
curing concrete test specimens under laboratory conditions.

3.2 If specimen preparation is controlled as stipulated
herein, the specimens may be used to develop informauon
for the following purposes:

3.2.1 Mixture proportioning for project concrete.

3.2.2 Evaluauon of different mixtures and matenals,

3.2.3 Correlation with nondestructive tests. and

3.2.4 Providing specimens for research purposes.

Note |—The concrete test results for concrete specimens made and
cured using this practice are widely used. They may be the basis for
accepiance testng for project concrete. research evaluauons. and other
stucdies. Careful and knowiledgeable bandhing of matenals. muxing
concrete, molding test specimens, and cunnog test specimens Is neces-

sary. Many laboratones performing thus important work are 1ndepen-
dently wnspected or accredited. Pracuce C 1077 1deanfies and defines

3 Annual Book of ASTM Standards, Vol 04501
¢ 4nnual Book of ASTM Standards, Vol 04 03.
3 4Annual Book of ASTAM Stanaards. Vol 15.09
& Avausble from the Nauonal lostutute of Standards and Techoology,

Gaithersburg, MD 20899
7 Available from the Amencan Concrete Institute. P O 8ox 19150, Derroit. Ml

482190150.
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duties responsbilities, including minimum responsibilities of the labo-
ratory personuel and mmmur techmcal reguirements for laboratory
equipment used. Many laboratories ensure qualified technicians by
participanng 10 national cerufication programs such as the Amencan
Concrete Insutute Laboratory Techmcian Program or an equivalent
program.

4. Apparatus

4.] Molds, General—Molds for specimens or fastenings
thereto in contact with the concrete shall be made of steel,
cast iron, or other nonabsorbent matenal, nonreactive with
concrete containing portland or other hydraulic cements.
Molds shall conform to the dimensions and tolerances
specified in the method for which the specimens are re-
quired. Molds shall hold their dimensions and shape under
all conditions of use. Watertightness of molds during use
shail be judged by their ability to hoid water poured into
them. Test procedures for watertightness are given in the
section on Test Methods for Elongation, Absorption, and
Watertightness of Specification C 470. A suitable sealant,
such as heavy grease, modeling clay, or microcrystalline wax,
shall be used where necessary 1o prevent leakage through the
joints, Positive means shall be provided to hold base plates
firmly to the molds. Reusable molds shall be lightly coated
with mineral oil or a suitable nonreactive reiease material
before use.

4.2 Cylinder Molds:

4.2.1 Molds for Casting Specimens Vertically shall con-
form to the requirements of 4.1 and Specification C 470.

4.2.2 Horizonital Molds for Creep Test Cylinders shall
conform to the requirements of 4.1 and to the requirements
for symmetry and dimensional tolerance in the section on
General Requirements except for verticality requirements of
Specification C 470. The use of horizontal molds is intended
only for creep specimens that contain axially embedded
strain gages. Molds for creep cylinders to be filled while
supported in a honzontal position shall have a filling slot
parallel to the axis of the mold which extends the full length
to receive the concrete. The width of the slot shall be one haif
the diameter of the specimen. If necessary the edges of the
slot shall be reinforced to maintain dimensional stability.
Unless specimens are to be capped or ground to produce
plane ends, the molds shall be provided with two machined
metal end plates at least | in. [25 mm] thick and the working
surfaces shall comply with the requirements for planeness
and surface roughness given in the section on Capping Plates
of Practice C 617. Provision shail be made for fixing both
end plates firmly to the mold. The inside surface of each end
plate shall be provided with at least three lugs or studs
approximately 1 in. [25 mm)] long, firmiy fastened to the
plate for embedment 10 the concrete, One base plate shall be
drilled from the inside at an angle to perrut the lead ware
from the strain gage to exit the specimen through the edge of
the plate. Provision shall be made for accurately positioning
the strain gage. All necessarv holes shall be as small as
possible to minimize disturbance to subsequent strain mea-
surements and shall be sealed to prevent leakage.

4.3 Beam and Prism Molds shall be rectangular in shape
(unless otherwise spectfied) and of the drmensions required
to produce the desired specimen size. The inside surfaces of
the molds shall be smooth and free from indentations. The
sides. bottom. and ends shall be at nght angles to each other
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and shall be straight and true and free of warpage. Maximum
variation from the nominal cross section shall not exceed /=
in. [3 mm] for molds with depth or breadth of 6 in. {150
mm] or more, or ¥s in. [2 mm)] for molds of smaller depth
or breadth. Except for flexure specimens, molds shall not
vary from the nominal length by more than Ve in. [2 mm].
Flexure molds shall not be shorter than Vs in. [2 mm] of the
required length, but may exceed it by more than that
amount.

4.4 Tamping Rods—Two sizes are specified in ASTM
methods. Each shail be a round, straight steel rod with at
least the tamping end rounded to a hemispherical tip of the
same diameter as the rod. Both ends may be rounded, if
preferred.

4.4.1 Larger Rod, % in. [l6 mm] in diameter and
approximately 24 in, [600 mm)] long.

44.2 Smaller Rod, ¥ in. [10 mm] in diameter and
approximately 12 in. [300 mm)] long.

4.5 Mallets—A mallet with a rubber or rawhide head
weighing 1.25 = 0.50 1b [0.6 £ 0.20 kg] shall be used.

4.6 Vibrators—Internal vibrators may have nigid or flex-
ible shafts, preferably powered by electric motors. The
frequency shall be 7000 vibrations or cycles per minute {120
Hz] or greatcr while in use. The outside diameter or side
dimension of the vibrating ¢lements shall be at least 0,75 in.
[20 mm] and not greater than 1.5 in. [40 mm]. The com-
bined length of the shaft and vibrating element shall exceed
the maximum depth of the section being vibrated by at least
3 in. (75 mm]. External vibrators may be of two types: table
or plank. The frequency for external vibrators shall be not
less than 3600 vibrations per minute {60 Hz], and preferably
higher. For both table and plank vibrators, provision shall be
made for clamping the mold securely to the apparatus. A
vibrating-reed tachometer should be used to check the
frequency of vibration.

NoTe 2—Vibratory impulses are frequently imparted to a table or
plank vibrator through electromagnetic means. or by use of an eccentnc
weight on the shaft of an electric motor or on a separate shaft driven by

a molor,

4.7 Small Tools—Tools and items such as shovels, pails.
trowels, wood float, blunted trowels. straightedge, feeler gage.
scoops, nulers, rubber gloves, and metal mixing bowls shall
be provided.

4.8 Slump Apparatus—The apparatus for measurement
of silump shall conform to the requirements of Test Method
C 143.

4.9 Sampling and Mixing Pan—The pan shall be flat-
bottom and of heavy-gage metal, watertight, of convenient
depth, and of sufficient capacity to allow easy mixing by
shovel or trowel of the entire batch; or, if mixing is by
machine, to receive the entire batch on discharge of the
mixer and allow remixing in the pan by trowel or shovel.

4.10 Wer-Sieving Equipment—If wet-sieving is required.
the equipment shall conform to the requirements of Practice
G172

4.11 Air Content Apparatus—The apparatus for mea-
suring air content shall conform to the requirements of either
Test Methods C 231 or C 173.

4.12 Scales—Scales for determining the mass of batches
of matenals and concrete shall be accurate within 0.3 % of
the test load at any point within the range of use, They shall

T4
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meet the requirements for sensitivity and tolerances pre-
scribed by the National Institute of Standards and Tech-
nology Handbook 44.° Where the scales are graduated in
decimal fractions of a pound instead of ounces. or where the
SI system is used, the equivalent percentage sensitivity
requrernent and tolerances shall apply.

NoTe 3—Io general the mass of small quanuties should aot be
determined on large capacity scales. In many applications the smallest
mass determined on a scale should be greater than about 10 % of the
maximum capacity of the scale; however, thus will vary with the
performance characteristics of the scale and the required accuracy of the
determunation. Acceptable scales used for determining the mass for
concrete matenals preferably should determuine mass accurately to about
0.1 % of total capacity and the foregoing precaution s applicable.
However, cenaio analytical and precision balances are exceptions to this
rule and should weigh accurately to 0.001 %. Particular care must be
exercised 1o measunng small quanunes of material by determuning the
difference berween two much larger masses.

4.13 Concrete Mixer—A power-driven concrete mixer
shali be a revolving drum, tilting mixer, or suitable revolving
pan or revolving-paddle mixer capable of thoroughly mixing
baiches of the prescribed sizes at the required slump.

NOTE 4—A pan mixer is usuvally more suitable for mixing concrete
with less than 1-in. [25 mm] slump than a revolving drum mixer. The
rate of rotation, degree of ult, and rated capacity of tilng mixers are not
always suitable for laboratory mixed concrete. It may be found desirable
to reduce the rate of rotation, decrease the angle of tilt from the
honzontal, and usc the mixer a1 somewhat less than the manufactrurer’s
rated capacity.

5. Specimens

5.1 Cylindrical Specimens—Cylinders for such tests as
compressive strength, Young’s modulus of elastcity, creep,
and splitung tensile strength may be of various sizes with a
minimum of 2-in, [50-mm] diameter by 4-in. [100-mm]
length. Where correlation or comparison with field-made
cylinders (Practice C 31) is desired. the cylinders shall be 6 by
12 in. [or 150 by 300 mm]. Otherwise, dimensions should be
governed in accordance with 5.4 and the specific test method
concerned.

Nott 5—The hard conversion to S! units is shown. However, dunng
the conversion period to SI units in the United States, cybuder molds
with hard coaversion may not be avalable and soft conversion of 6 by
12 in. to 152 by 305 mm should be permuited. Also, soft conversion
should be permitted for other sizes and types where moids 1n bard
conversion size arc not available.

5.1.1 Cylindrical specimens for tests other than creep shall
be molded and allowed to harden with the axis of the
cylinder vertical.

5.1.2 Cylindrical creep specimens may be cast with the
cylindrical axis either verticai or horizonial and allowed to
barden in the position in which cast.

5.2 Prismatic Specimens—Beams for flexural strength,
prisms for freezing and thawing, bond, length change,
volume change, etc., shall be formed with their long axes
horizontal, unless otherwise required by the method of test in
Question, and shall conform 1n dimension to the require-
ments of the specific test method.

5.3 Other Specimens—Other shapes and sizes of speci-
mens for particular tests may be moided as desired following
the general procedures set forth in this pracuce.

5.4 Spectmen Size versus Aggregate Size—The diameter
of a cyvlindncal specimen or minimum cross-sectional di-
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mension of a rectangular section shall be at least three times
the nominal maximum size of the coarse aggregate in the
concrete as defined in Terminology C 125. Occasional over-
size apgregate particles (of a size not normally found in the
average aggregate grading) shall be removed by hand pickang
during the molding of the specimens, When the concrete
contains aggregate larger than that appropriate for the size of
the molds or equipment to be used, wet-sieve the sample as
described in Practice C 172.

5.5 Number of Specimens—The number of specimens
and the number of test batches are dependent on established
practice and the nature of the test program. Guidance is
usually given in the test method or specification for which
the specimens are made. Usually three or more specimens
are molded for each test age and test condition unless
otherwise specified (Note §). Specimens involving a given
variable should be made from three separate batches mixed
on different days. An equal number of specimens for each
variable should b¢ made on any given day. When it is
impossible to make at least one specimen for each vanable
on a given day, the mixing of the entire series of specimens
should be completed in as few days as possible, and one of
the mixtures should be repeated each day as a standard of
cOmparison.

Note 6—Test ages often used are 7 and 28 days for compressive
strength tests, or 14 and 28 days for flexural strength tesis. Specamens
contaning Type III cement are often tested at 1, 3, 7, and 28 days. For
later test ages, 3 months, 6 months. and 1 vear are often used for both
compressive and flexural strength tests. Other test ages may be requured
for other types of specimens.

6. Preparation of Materials

6.1 Temperature—Before mixing the concrete, bring the
concrete materials to room temperature in the range of 68 to
86°F [20 to 30°C] in accordance with Specification E 171,
unless otherwise specified.

6.2 Cement—Store the cement in a dry place, in mois-
ture-praof containers, preferably made of metal. The cement
shall be thoroughly mixed to provide a uniform supply
throughout the tests. It shall be passed through a 850-um
[No. 20] or finer sieve to remove ail lumps, remixed on 2
plastic sheet. and returned 10 sample containers.

6.3 Aggregates—In order 10 preclude segregaton of a
coarse aggregate, separate into individual size fractions and
for each batch recombine in the proper proportions to
produce the desired grading.

NOTE 7—Qnly rarely is a coarse aggregate baiched as a single size
fracuon. The number of suze fractions will generally be between 2 and §
for aggregate smaller than 2V in. [60 mm]. When a size fraction to be
batched 15 present in amounts 10 excess of 1¢ %, the ratio of the opening
of the larger to the smaller sieve should not exceed 2.0. More closely
sized groups are sometimes advisable.

6.3.1 Uunless fine aggregate is separated into individual
size fractions, maintain it in a damp condition or restore to a
damp condition until use. to prevent segregation, unless
material uniformly graded is subdivided into batch size lots
using a sample splitter with proper size openings. If unusual
gradings are being studied, the fine aggregate may need to be
dned and separated 1n10 individual sizes. in this instance, if
the total quantity of fine aggregate required is larger than can
be efficiently blended in a single unit, then the individual size
fractions should be determined in 2 mass required for each

5
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individual batch. When the total quantity of fine aggregate
needed for the complete investigation is such that it can be
thoroughly mixed, blended. and maintained in a damp
condition, then it should be handled im that manner.
Determine the specific gravity and absorption of aggregates
in accordance with either Test Methods C 127 or C 128.

6.3.2 Before incorporating in concrete, prepare the aggre-
gate to ensure a defimte and uniform condiuon of moisture.
Determine the weight of aggregate to be used in the batch by
one of the following procedures:

6.3.2.1 Determine the mass of low-absorption aggregates
(absorption less than 1.0 %) in the room-dry condition with
allowance made for the amount of water that will be
absorbed from the unset concrete (Note 8). This procedure is
particularly useful for coarse aggregate which must be
batched as individual sizes; because of the danger of segrega-
tion it can be used for fine aggregate only when the fine
aggregate is separated into individual size fractions.

Note §—When using aggregates with low absorption in room-dry
condiion the amount of water that wall be absorbed by the aggregates
before the concrete sets may be assumed to be 80 % of the difference
between the 24-h absorpuon of the aggregates determuned by Test
Methods C 127 or C 128, and the amount of water 1 the pores of the
aggregaies in their room-dry siate, as determined by Test Method C 566.

6.3.2.2 Individual size fractions of aggregate may be
weighed separately, recombined into a tared container in the
amounts required for the batch. and immersed in water for
24 h prior to use. After immersion the excess water is
decanted and the combined weight of aggregate and mixing
water determined. Allowance shall be made for the amount
of water absorbed by the aggregate. The moisture content of
the aggregales may be determined in accordance with Test
Methods C 70 and C 566.

6.3.2.3 The aggregate may be brought to and maintained
in 2 saturated condition, with surface moisture contained in
sufficiently small amounts to preciude loss by draining, at
least 24 h pror to use. When this method is used, the
moisture content of the aggregate must be determined to
permit calculation of proper quanutes of the damp aggre-
gate. The quanity of surface moisture present must be
counted as a parnt of the required amount of mixing water.
Surface moisture in fine aggregatc may be determined in
accordance with Test Methods C 70 and C 566, making due
allowance for the amount of water absorbed. The method
outlined here (moisture content slightly exceeding absorp-
tion) is parucularly useful for fine aggregate. It is used less
frequently for coarse aggregate because of the difficuity of
accurately determining the moisture content. but if used.
each size fraction must be handled separately to ensure that
the proper grading is obtained.

6.3.2.4 Aggregaies, fine or coarse. may be brought to and
maintained in a saturated surface-dry condition untl
batched for use. This method 1s used primarily to prepare
material for bawches not exceeding 4 ft* [0.007 m?)] in
volume. Care must be taken to prevent drying during
werghing and use.

6.4 Lighrweight Aggregates—The procedures for specific
gravity. absorption. and preparation of aggregates mentuoned
in this pracuce pertain to matenals with normal absorption
values. Lightweight aggregates, air-cooled slag, and certain
tughly porous or vesicular natural aggregate may be so
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absorptive as to be difficult to treat as described. The
moisture content of lightweight aggregate at the time o
mixing may have important effects on properues of freshi
mixed and hardened concretes such as slump loss, compres.
sive strength, and resistance 10 freezing and thawing.

6.5 Admixaures—Powdered admixtures that are entirely
or largely inscluble, that do not contain hygroscopic salt«
and are to be added in small quantites, should be mxec
with a portion of the cement before introduction into the
batch in the mixer so as to ensure thorough distributior
throughout the concrete. Essentially insoluble materials
which are used in amounts exceeding 10 % by mass of
cement, such as pozzolans, should be handled and added tc
the batch in the same manner as cement. Powdered admix-
tures which are largely insoluble but contain hygroscopic
salts may cause balling of cement and should be mixed with
the sand. Water-soluble and liquid admixtures should be
added to the mixer in solution in the mixing water. The
quannty of such solution used shall be included in the
calculation of the water content of the concrete. Admixtures.
incompatible in concentrated form, such as solutions of
calcium chloride and certain air-entraining and set-retarding
admixtures, should not be intermixed prior to their addition
to concrete. The time, sequence, and method of adding some
admixtures to a batch of concrete can have important effects
on concrete properties such as time of set and air content.
The method selected must remain unchanged from batch to
batch and should simulate good field practice.

NoTte 9—The mixing apparatus and accessories shail be thoroughly
cleaned to ensure that chemical additions or admixtures used in
disumijar baiches of concrete do not affect subsequent batches,

7. Procedure

7.1 Mixing Concrete:

7.1.1 General—Mix concrete in a suitable mixer or by
hand in batches of such size as to leave about 10 % excess
after molding the test specimens. Hand-mixing procedures
are not applicable to air-entrained concrete or concrete with
no measurable slump, Hand mixing should be limited to
batches of Vs ft* [0.007 m?] volume or less. Mixing proce-
dures are given in 7.1.2 and 7.1.3. However, other proce-
dures may be used when it is desired to simulate special
conditions or practices, or when the procedures specified are
impracticable. A machine-mixing procedure suitable for
drum-type mixers is desenibed. I is important not to vary the
mixing sequence and procedure from batch to batch unless
the effect of such variation is under study.

7.1.2 Machine Mixing—Prior 10 starting rotation of the
mixer add the coarse aggregate, some of the mixing water.
and the solution of admixture, when required, in accordance
with 6.5. When feasible, disperse the admixture in the
mixing water before addition. Start the mixer, then add the
fine aggregate, cement, and water with the mixer running. If
it is impractical for a particular mixer or for a pamicular test
to add the fine aggregate, cement, and water while the mixer
1s running, these components may be added to the stopped
mixer after permitting it to turn a few revolutions following
charging with coarse aggregate and some of the water {(Note
10). Mix the concrete, after all ingredients are in the mixer,
for 3 min followed by a 3-min rest. followed by a 2-mia final
mixing. Cover the open end or top of the mixer to prevent
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evaporation dunng the rest peniod. Take precautions to
compensate for mortar retained by the mixer so that the
discharged batch, as used, will be correctly proportioned
(Note 11). To eliminate segregation. deposit machine-mixed
concrete 1n the clean, damp mixing pan and remix by shovel
or trowel untl it appears 1o be uniform,

NoTE 10—An expenenced operator may add water incrementally
during mixing to adjust to the desired slump.

Note |1—1t is difficult 10 recover all of the mortar from mixers. To
compensate for this difficulty one of the following procedures may be
used 10 ensure the correct final propornons in the batch:

(1) “Buntering” the Mixer—Just pnor to muxng the test batch, the
puxer 15 “buttered” by mixing a baich proporioned to ssmulate closely
the test batch, The mormnar adhering to the mixer after discharging is
tended to compensate for loss of mortar from the test batch.

(2) “Over-Mornaring” the Mix—The test mix is proporuoned by the
use of ap excess mortar, the amount established in advance, 1o
compensate for that which, on the average, adheres to the mixer. In this
case the mixer is cleaned before mixing the test baich.

7.1.3 Hand Mixing—Mix the baich in a watertight, clean
(Note 9), damp, meral pan or bowl, with a bricklayer's
blunted trowel, using the following procedure when aggre-
gates have been prepared in accordance with 6.3.2.1, 6.3.2.3,
and 6.3.2.4.

7.1.3.1 Mix the cement, powdered insoluble admixture, if
used, and fine aggregate without addition of water until they
are thoroughly blended.

7.1.3.2 Add the coarse aggregate and mix the entire batch
without addition of water until the coarse aggregate is
uniformiy distributed throughout the batch.

7.1.3.3 Add water, and the admixture solution if used,
and mix the mass until the concrete is homogeneous in
appearance and bas the desired consistency. If prolonged
mixing is necessary because of the addition of water in
increments while adjusting the consistency, discard the batch
and make a new batch in which the mixing is not interrupted
to make trial consistency tests.

7.1.4 Mixed Concrete—Select the portions of the batch of
mixed concrete to be used in tests for molding specimens 0
as to be representative of the actual proportions and condi-
tion of the concrete. When the concrete is not being remixed
or sampled cover it to prevent evaporation.

1.2 Siump, Air Content, Yield, and Temperature:

7.2.1 Siump—Measure the slump of each batch of con-
crete immediately after mixing in accordance with Test
Method C 143.

NOTE 12—The slump test is unsuitable for concrete so dry that it
slumps less than %s in. [6 mm]. No-slump concrete may be tested by one
of several meaas described 1o ACT 211.3.

7.2.2 Air Content—Determine the air content, when re-
quired, in accordance with either Test Methods C 173 or
C 231. Test Method C 231 should not be used with concretes
made with lightweight aggregates, air-cooled blast-furnace
slag, or aggregates of high porosity. Discard the concrete used
for the determination of air content.

1.2.3 Yield—Determine the yield of each batch of con-
crete, if required, in accordance with Test Method C 138,
Concrete used for slump and vield tests may be returned to
the mixing pan and remixed into the batch.

1.2.4 Temperature—Determne the temperature of each
batch of concrete in accordance with Test Method C 1064.

1.3 Making Spectmens:
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7.3.1 Place of Molding—Mold specimens as near z
practicable to the place where they are to be stored duric
the first 24 h. If it is not practicable to mold the specimer
where they will be stored, move them to the place of storay
immediately afier being struck off. Place molds on a rigi
surface free from vibration and other disturbances. Avoic
jamng, striking, uiting, or scarring of the surface of the
specimens when moving the specimens to the storage place

7.3.2 Placing—Place the concrete in the molds using ¢
scoop, blunted trowel, or shovel. Select each scoopful
trowelful, or shovelful of concrete from the mixing pan tc
ensure that it is representative of the batch. [t may b
necessary to remix the concrete in the mixing pan with a
shovel or trowel to prevent segregation during the molding of
specimens. Move the scoop or trowel around the top edge of
the mold as the concrete is discharged in order to ensure a
symmetrical distribution of the concrete and to mimmize
segregation of coarse aggregate within the mold. Further
distnbute the concrete by use of a tamping rod prior to the
start of consolidation. In placing the final layer the operator
shall attempt to add an amount of concrete that will exactly
fill the moid after compaction. Do not add nonrepresentative
samples of concrete to an underfilled mold.

1.3.2.1 Number gf Layers—Make specimens in layers as
indicated in Table 1.

7.4 Consolidation:

7.4.1 Methods of Consolidation—Preparation of satisfac-
tory specimens reguires different methods of consolidation.
The methods of consolidation are rodding, and internal or
external vibration. Base the selection of the method of
consolidation on the slump, unless the method is stated in
the specifications under which the work is being performed,
Rod concretes with a slump greater than 3 in. [75 mm]. Rod
or vibrate concretes with slump of 1 to 3 in. [25 to 75 mm)].
Consolidate by vibration concretes with slump of less than 1
in. [25 mm] (Note 13). Do not use internal vibration for
cylinders of 4-in. [100-mm) diameter or less, and beams or
prisms of 4-in. [100-mm] breadth or depth, or Jess.

Note 13—Concrete of such low water cootent that it cannot be
propearly consolidated by the methods described herein is not covered by
this practice. Provisions for specaimens and methods of tesung will be
found in the siandards concerned. There are copcretes that can be
consolidated by external vibration. but additional forces on the surface
are required to embed the coarse aggregate tharoughly and consolidate
the muxture. For such muxtures the following procedures may be
followed: using extermal vibration fill 6 by 12-n. [150 by 300-mm]
cylinder molds m 3 in. [75 mm] lifis using a 10-1b [4.5-kg] cyhndncal
surcharge, or 3 by 6-in. [75 by 150-mm] cylinder moids 1a 2 in. [SO mm]
lifts using a 2.5-lb (1-kg] cvlindncal surcharge. The surcharge shouid
bhave a diameter %4 in. {6 mm)] less than the inside of the mold.
Simultaneously cach lift should be compacied by external vibration with
the surcharge on the top surface of the concrete, unal the mortar begins
to ooz¢ around the bottom of 1he surcharge.

7.4.2 Rodding—Place the concrete ia the mold. in the
required number of layers of approximately equal volume.
Rod each layer with the rounded end of the rod using the
number of strokes and size of rod specified in Table 2. Rod
the bottom layer throughout its depth. Distribute the strokes
uniformly over the cross section of the mold and for each
upper layer allow the rod to penetrate about %z in. [12 mm)]
into the underlying layer when the depth of the layer is less
than 4 in. [100 mm] and about 1 in. {25 mm] when the
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TABLE {1 Number of Layers Required for Specimens

Specmen Type and Size, as Depth. . (mm) Mode of Compaction | Number of Layers Approxamate Depth of Layer. m. (mm)
up to 12 (300) nct rogdmg J equal 4 (100) as near as practcable
over 12 (300) inc rogkng 5 a3 requered
up to 18 (460) nd wibrabon 2 equal 8 (200) as near as practcable
gver 18 (460) indd vibrabon 3 or more
Prisms and honzontal creep cylnders:
up 10 8 (200) Incd rodding 2 squal
over 8 (200) inci rooding 3 or more 4 {100) &3 near as pracocable
up 10 8 (200) Inc vibration 1
over 8 (200) incl vibraton 2 or more 8 (200) as nesr as practcable

TABLE 2 Diameter of Rod and Number of Roddings to be Used in Molding Test Specimens

Cylinders
Diameter of Cylinder, m. (mm) Dwameter of Rod in. (mm) Number of Strokes/Layer

2 (50) to <6 {150) ¥ (10) 25

§(150) s (16) 25

8 (200) % (16) 50
10 (250) %a (16) 75

Beams and Prisms
Top Surtace Area of Spacumen, in.2 (am?) Diameter of Rod in. (mm) Number of Roddings/Layer
25 (160) or less ¥ (10) 25
26 10 49 (165 10 310) % (10) one for each 1 in.2 (7 cm?) of surface
§0 (320) or more % (16) one for each 2 in.2 (14 om?) of surface
Honzontal Creep Cytinders

Diameter of Cylinder n. (mm) Diameter of Rod in. (mm) Number of Rogdings/Layer
6 (150) % (16) 50 tatal, 25 along both sides of axis

depth is 4 in. [100 mm] or more. ARter each layer is rodded,
tap the outsides of the mold lightly 10 to 15 times with the
mallet to close any holes left by rodding and to release any
large air bubbles that may have been trapped. Use an open
hand to tap light-gage single-use molds which are susceptible
to damage if tapped with a mallet. After tapping, spade the
concrete along the sides and ends of beam and pnism molds
with a trowel or other suitable tool.

7.4.3 Vibration—Maintain a standard duration of vibra-
tion for the particular kind of concrete, vibrator, and
specimen mold involved. The duration of vibration required
will depend upon the workability of the concrete and the
effectiveness of the vibrator. Usually sufficient vibration has
been applied as soon as the surface of the concrete has
become relatively smocth. Continue vibration only long
enough to achieve proper consolidation of the concrete.
Overvibration may cause segregation. Fill the molds and
vibrate in the required number of approximately equal
layers. Place all the concrete for each layer in the mold before
starting vibration of that layer. Add the final layer, so as to
avoid overfilling by more than Y in. [6 mm]. When the
fimish is applied afier vibration, add only enough concrete
with a trowel to overfill the mold about '/ in. (3 mm], work
it into the surface and then strike it off.

7.4.3.1 Internal Vibrauon—The diameter of the shaft or
side dimensions of the internal vibrator shall not be greater
than one third of the width of the mold in the case of beams
or prisms. For cylinders the ratio of the diameter of the
cylinder to the diameter of the vibrating element shall be 4.0
or higher. In compacung the specimen the vibrator shall not
be allowed to rest on or touch the botiom or sides of the
-10ld or strike embedded items such as strmo meters.

Carefully withdraw the vibrator in such a marnrer that no air
pockets are left in the specimen.

7.4.3.2 Cylinders—Use three insertions of the vibrator at
different points for each layer. Allow the vibrator to pene-
trate through the layer being vibrated, and imto the layer
below, approximately | in. [25 mm]. After each layer is
vibrated, tap the outsides of the mold lightly 10 to 15 times
with the mailet. Use an open hand to tap light-gage singie-use
molds which are susceptible 10 damage if tapped with a
mallet.

7.4.3.3 Beams, Prisms. and Horizonial Creep Cylinders—
Insert the vibrator at intervals not exceeding 6 in. [150 mm]
along the center line of the long dimension of the specimen.
or along both sides but not in contact with the strain gage in
the case of creep cylinders. For specimens wider than 6 in.
[150 mm]}, use alternating insertions along two lines. Allow
the shaft of the vibrator to penetrate into the bottom layer
approximately | in. [25 mm]. After each layer is vibrated.
tap the outsides of the mold lightly 10 to 15 umes with the
mallet to close any holes left by vibrating and release any
large air bubbles that may have been trapped.

7.44 External Vibration—When external vibration is
used, take care to ensure that the moid is rigidly attached to
or securely beld against the vibrating element or vibrating
surface (Note [ 3).

7.5 Finishing—After consolidation by any of the
methods, strike off the surface of the concrete and float or
trowel it in accordance with the method concemed. If no
finish is specified, finish the surface with a wood or magne-
stum float. Perform all finishing with the minimum manip-
ulation necessary to produce a flat even surface that is level
with the nm or edge of the mold and which bas no
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depressions or projections larger than % in. [3 mm)].

7.5.1 Cylinders—After consolidation finish the top sur-
faces by striking them off with the tamping rod where the
consistency of the concrete permits, or with a wood float or
towel. If desired, cap the top surface of freshly made
cylinders with a thin layer of stiff portland cement paste
which is permitted to harden and cure with the specimen,
See the secuon on Capping Matenals of Practice C 617.

1.5.2 Horizontally Cast Creep Cylinders—After consoli-
dation strike off the specimen with a trowel or float, then
trowel the minimum amount required to form the concrete
in the opening concentrically with the rest of the specimen.
Use a screed curved to the radius of the specimen 1o more
precisely shape and finish the concrete in the opening.

8. Curing

8.1 Protection—To prevent evaporation of water from the
unhardened concrete, cover the specimens immediately after
finishing, preferably with a nonabsorptive, nonreactive plate
or a sheet of tough, durable, impervious plastic. Wet burlap
may be used for covering, but care must be exercised to keep
the burlap wet until the specitmens arc removed from the
molds. Placing a sheet of plastic over the burlap will facilitate
keeping it wet. Protect the outside surfaces of cardboard
molds from all contact with wet burlap or other sources of
water for the first 24 h after cylinders have been molded in
them. Water may cause the molds to expand and damage
specimens at this early age.

8.2 Removal from Molds—Remove the specimens from
the molds 24 = 8 h after casting.

8.3 Curing Environment—Unless otherwise specified all
specimens shall be moist cured at 73 = 3°F [23 * 2°C] from
the ume of molding untl the moment of test (Note 14).
Storage duning the first 48 h of cuning shall be in a vibra-
tion-free environment. As applied to the treatment of de-
molded specimens. moist curing means that the test speci-
mens shall have free water maintained on the entire surface
area at all times. This coadition is met by using water storage
tanks or a moist room in accordance with the requirements
of Specification C 511. When water storage tanks are used,
specimens shall be immersed in a water saturated with
calcium hydroxide to prevent leaching from the specimens.
Specimens shall not be exposed to dripping or running water.
Cure structural lightweight concrete cylinders in accordance
with this practice or as prescribed ip Test Method C 567,

Nore 14—The temperature within damp sand and under wet burlap
or amtlar matentals will always be lower than the temperature in the
surrounding atmosphere if evaporaton takes place,

8.4 Flexural Strength Test Specimens—Cure the flexural
strength test specimens 1o accordance with 8.1 and 8.2
except that while 1n storage for a minimum period of 20 h
immediately prior to testing they shall be immersed in water
saturated with calcium hydroxide at 73 + 3°F [23 + 2°C]. At
the end of the curing period. between the time the specimen
is removed from cunng until testing is completed. drying of
the surfaces shali be prevented.

NOTE |5—Relatively small amounts of drving of the surface of
flexural strength specimens will induce tensile stresses 1o the extreme
fibers that will markedly reduce the indicated {lexural strength.

9. Precision 2nd Bias

9.1 Data to establish precision statements for vanous test-
ing required by this standard were obtained in the Concrete
Proficiency Sampie Program of the Cement and Concrele
Reference Laboratory. Analysis of those data for siogle-
operator and multilaboratory precision is presented in Table
3.

9.2 The single-operator standard dewiations for slump.
unit weight, air content, and 7-day compressive strength of
trial batches have been found to be 0.7 in., 0.9 1b/ft3, 0.3 %,
and 203 psi, respectively; therefore the results of properly
conducted tests on two trial batches made in the same
laboratory should not differ by more than 2.0 in.. 2.5 lb/ft?,
0.8 %, and 574 psi, respectively. This precision statement is
considered applicable to laboratory trial baiches propor-
tioned to contain prescribed quanuties of matenais and to
have a constant water-cement ratio. The values should be
used with caution for air-entrained concrete, concrete with
slump less than 2 in. [50 mm] or over 6 in. [150 mm], or
concrete made with other than normal weight aggregate or
aggregate larger than 1 in. [25 mm} nominal maximum size.

9.3 The multilaboratory standard dewations for slump,
unit weight, air content, and 7-day compressive strength of
tnal batches have been found to be 1.0 in., 1.4 Ib/ft? 0.4 %,
and 347 psi, respectively; therefore, the results of properly
conducted tests on single trial batches made in two different
laboratories should not differ by more than 2.8 in., 4.0 1b/ft3,
1.1 %, and 981 psi, respectively. This precision statement is
considered applicable to laboratory tnal batches propor-
tioned 10 contain prescribed quantities of matenals and to
have a prescnbed water-cement ratio. The values should be
used with caution for air-entrained concrete, concrete with
slump less than 2 io. [50 mm] or over 6 in. [I150 mm], or
concrete made with other than normal weight aggregate or
aggregate larger than | in. [25 mm] nominal maximum size.

9.4 Bias—The procedures for the test methods in 9.3 have
no bias because the values obtained from each of those test
methods are defined only in terms of the test method.

10. Keywords

10.1 concrete; cylinders; laboratory, prisms; strength
testing

TABLE 3 Values for Precision Statements Relating to Making
Trial Batches by Practice C 192/C 192M and Testing by
Appropnate Methods

Pracnca C 182/C 192M Mufblaboratory  Single-Laboratory

and Appropnats Precision Precision
Test Methods 1s d2s 18 d2s
Slump, in. C143 10 28 Q7 2.0
Unit wesght—Ib/it® C138 14 40 09 25
Axr content (Non AE Concrete), C 173 04 11 0.3 0.8
% by volume
Compressve c39 347 981 203 574

strength 7 days, ps)
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Standard Specification for

Chemical Admixtures for Concrete’

This standard is issued under the fixed desgnation C 494; the number immediately folowing the designation indicates the year of
ongaal adoption or, in the case of revigoan, whe year of last revision. A number 10 parentheses indicates the year of last reapproval A
superscnpt epsilon (¢) indicates an editonal change since the last revision of reapproval.

This specification has been approved for use by agencies of the Deparrment of Defense. Consult the DoD Index of Spectficattons and
Standards for the specific year of wsue which has been adopted by the Departmnent of Defense.

1. Scope

1.1 This specification covers materials for use as chemical
admixtures to be added 1o portland cement concrete mix-
tures in the field for the purpose or purposes indicated for the
seven types as follows:

1.1.1 Type A—Water-reducing admixtures,

1.1.2 Type B—Retarding admixtures,

1.1.3 Type C—Acceierating admixtures,

1.1.4 Type D—Water-reducing and retarding admixtures,

1.1.5 Type E—Water-reducing and accelerating admix-
tures,

1.1.6 Type F—Water-reducing, high range admixtures,
and

1.1.7 Type G—Water-reducing, high range, and retarding
admuxtures.

1.2 This specification stipulates tests of an admixture with
suitable concreting materials as described in 11.1 through
11.3 or with cement, pozzolan, aggregates, and an air-
entraining admixture proposed for specific work (11.4).
Unless specified otherwise by the purchaser, the tests shail be
made using concreting materials as described in | 1.1 through
11.3.

Note [—It is recommended that, whenever practicable, tests be
made using the cement, pozzolan, aggregaies, air-entraiung admixture,
and the muxture proportions, batching sequence, and other physical
conditions proposed for the specific work (11.4) because the specific
effects produced by chemical admixtures may vary with the properties
and propornons of the other ingredients of the concrete. For instance,
Types F and G admixtures may exhibit much higher water reduction in
concrete mixtures baving higher cement factors than that listed in
12.1.1.

Mixtures having 2 high range water reductior generally display a
higher rat¢ of slump loss. When high-range admxtures arc used 10
impart increased workability (6 to 8-in. slump), the effect may be of
limited duration, reverting to the original sltmp in 30 to 60 min
depending on factors normally affecting rate of slump loss. The usc of
chemical admixtures to produce high-slump (flowing) concrete is
covered by Specification C 1017,

Note 2—The purchaser should ensure that the admixture supplied
for use in the work is equivalent in composition to the admixture
Subjected to test under thes specification (see Section 6, Uniformity and
Equivalence),

_ Note 3—Admixtures that contain relatively large amounts of chlo-
Tide may accelerate comrosion of prestressing stecl. Compliance wath the
requrements of this specification does not constitute assurance of
acceptibility of the admixture for usc in prestressed concrete.

YThis speaficzuon is under the junsdiction of ASTM Commuttee C-9 on
Concrete Aggregates and is the duect responsibiity of Subcommuttee C09.21 on
Lightweight Aggregates and Concrete.

Curreat edition approved June 15, 1992, Published August 1992. Onginally
Published as C 494 - 62. Last previous edition C 494 - 90.
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1.3 This specification provides for three levels of testing.

1.3.1 Level J=During the initial approval stage, proof of
compliance with the performance requirements defined in
Table | demonstrates that the admixture meets the require-
ments of this specification. Uniformity and equavalence tests
of Section 6 shall be carried out to provide results against
which later comparisons can be made.

1.3.2 Level 2—Limited retesting described in 5.2, 5.2.1
and 5.2.2 may be requested at intervals by the purchaser.
Proof of compliance with the requirements of Table 1
demonstrates continued conformity of the admixture with
the requirements of the specification.

1.3.3 Level 3—For acceptance of a 1ot or for measuring
uniformity within or between lots, when specified by the
purchaser, the uniformity and equivalence tests of Section 6
shall be used.

1.4 The following precautionary caveat pertains only to
the test method portion, Sections 11 through 18 of this
Specification: This standard does not purport to address all of
the safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.5 The values stated in inch-pound units are to be
regarded as the standard.

2. Referenced Documents

2.1 ASTM Standards:

C 33 Spectfication for Concrete Aggregates?

C 39 Test Method for Compressive Strength of Cylindrical
Concrete Specimens?

C 78 Test Method for Flexural Strength of Concrete
(Using Simple Beam with Third-Point Loading)?

C 136 Test Method for Sieve Analysis of Fine and Coarse
Aggregate?

C 138 Test Method for Unit Weight, Yield, and Air
Content (Gravimetric) of Concrete?

C 143 Test Method for Slump of Hydraulic Cement
Concrete?

C 150 Specification for Portland Cement?

C 157 Test Method for Length Change of Hardened
Hydraulic-Cement Mortar and Concrete?

C 183 Practice for Sampling and the Amount of Testing of
Hydraulic Cement®

2 Annual Book of ASTM Standards, Vol 04 02.
3 Annual Book of ASTM Standards, Vol 04 01.
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TABLE 1 Physical Requirements4
Type G,
T Type D, Type E. Type F. Water
ype A, Tvpe B, Type G, Water Water Water Redua
Water pa Acceler- Reducing Reducing 3.
etarding Reduaing, High
Reduaing atng and and High Range Range
Retarding Accelerating and Ret
Water content, max, % of 95 » 95 95 a8 88
CONWRN:: 5w s viw se 5 0 % &
Tume of setting, allowable
devianon trorm control, h:min;
Watalk atleast . . ... - ... . o 100 later 1:00 earter 1:00 later 1:00 eanlier A 1:00 later
notmorethan. . . ..., ... 1:00 earlier 3:30 later 3:30 earver 3:30 later 3:30 earlier 1:00 eartier 3:30 later
nor 1.30 nor 1.30
later fater
Finali atleast . .....,.... 1:00 eariler 1:00 eartiey .
notmore than . ....... 1:00 earlier 3:30 Iater o 3:30 later e 1:00 earlier 3:30 later
nor 1:30 nor 1:30
later later
Compressive strength. mm, %
of control: @
1day ............ 140 125
J0aYS. . ... 110 90 125 10 125 125 125
TORYS.. - o v riope = 0 x5 e 110 Q0 100 110 110 115 115
28days. . ........, .. 110 90 100 110 10 110 110
6months . . ., ... ,... 100 20 €0 100 100 100 100
1year . ... ..., ..., 100 90 90 100 100 100 100
Flexural strength, mm,
% control: 8
3days. - ..o 100 20 110 100 110 10 110
74days. - e 100 0 100 100 100 100 100
280aYS. - ... 100 80 90 100 100 100 100
Length change. max
shrmkage (alternatve
requirements), &
Percent of ¢controf . . .. ... / 135 135 138 135 135 135 135
Increase over contral. . . .. 0.010 0.010 0.010 0.010 0.010 0010 0.010
Ralative durabihty 80 80 80 80 &0 80 a0
factor, min®2

“ The values in the table inciude allowance for normal vanation in test results. The object of the S0 % compressive strength requirement for a Type-B admixiure 1S to

require a level of performance comparable 1o that of the reference concrete,

€ The compressive and fiexural strength of the concrete containing the admuxture under test at any test age shall be not less than 90 % of that attained at any previous
‘25t 3ge. The objective of thus lmut «s 10 require that the compressive or flexural strength of the concrate contawung the admixture under test shall not decrease with age.
€ Altemative requirements. see 1714, % of control bmit applies when length change of control 15 0.030 % or greater: increase over contred hnut applies when length

hange of eontrot 1S less than 0 030 %.

O This requirement 18 applicable only when the admixture 1$ to be used m ar-entramed concrete which may ba exposed 10 freezing and thawng whie wet

C 192 Practice for Making and Cunng Concrete Test
Specimens in the Laboratory"

C 231 Test Method for Air Content of Freshly Mixed
Concrete by the Pressure Method?

C 260 Specification for Air-Entraining Admixtures for
Concrete”

C 403 Test Method for Time of Setting of Concrete
Mixtures by Penetration Resistance”

C 666 Test Method for Resistance of Concrete to Rapid
Freezing and Thawing”

C 1017 Specification for Chemical Admixtures for Use in
Producing Flowing Concrete”

D 75 Practice for Sampling Aggregates™

D 1193 Specification for Reagent Water*

E 100 Specification for ASTM Hydrometers®

Manual ot Aggregate and Concrete Testing’

2.2 American Concreie [nsuiute Standard:

= tnnwul Book ot {STVS Standards. Yol 11.01
* dnnual Bous of STV Stanaaras. Vol 14 03.
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ACI 211.1-77 Practice for Selecing Proportions for
Concrete®

3. Terminology

3.1 Defimtions:

3.1.1 accelerating admixrire—an admixture that acceler-
ates the setting and early strength development of concrete,

3.1.2 retarding admixture—an admixture that retards the
setting of concrete.

3.1.3 water-reducing admixture—an admixture that re-
duces the quantity of mixing water required to produce
concrete of a given consistency.

3.1.4 water-reducing admixture, high range—an admix-
ture that reduces the quantity of mixing water required to
produce concrete of a given consistency by 12 % or greater.

3.1.5 water-reducing and accelerating admixture—an ad-
muixture that reduces the quantity of mixing water required
to produce concrete of a given consistency and accelerates
the setting and early strength development of concrete.

& Available from the Amencan Concrete Insutute, P.O. Box 19150, Redford
Station. Detroit M| 48219.
a1
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3.1.6 water-reducing and retarding admixture—an ad-
mixture that reduces the quantity of mixing water required
to produce concrete of a given consistency and retards the
setting of concrete.

3.1.7 water-reducing, high range, and retarding admix-
ture—an admixture that reduces the quanuty of mixing
water required to produce concrete of a given consistency by
12 % or greater and retards the setting of concrete.

4. Ordering Information

4.1 The purchaser shall specify the type of chemical
admixture destred.

5. General Requirements

5.1 For inital compliance with this specification, test
concrete in which each type of admixture shown i .1 is
used shall conform to the respective requirements prescribed
in Table 1.

5.2 The purchaser may require a limited retesting to
confirm current compliance of the admixture to specification
requirements. The limited retesting will cover physical prop-
erties and performance of the admixture.

5.2.1 The physical properties retesting shall consist of
uniformity and equivalence tests for infrared analysis, res-
idue by oven drying and specific gravity.

5.2.2 The perfortnance property retesting shall consist of
water content of fresh concrete, setting time and compressive
strength at 3, 7 and 28 days.

NOTE 4—Additional performance tests currently in this standard
may be required by users having spectal requirements.

5.3 At the request of the purchaser, the manufacturer
shall state in writing that the admixture supplied for use in
the work is 1dentical in all essential respects, including
concentration, to the admixture tested under this specifica-
tion.

5.4 At the request of the purchaser, when the admixture is
to be used in prestressed concrete, the manufacturer shall
state in writing the chloride content of the admixture and
whether or not chloride has been added during its manufac-
ture.
5.5 Tests for uniformity and equivalence, as indicated in
Section 6, shall be made on the initial sample and the results
retained for reference and companson with the results of
tests of samples taken from elsewhere within the lot or
subsequent lots of admixture supplied for use in the work.

6. Uniformity and Equivalence

6.1 When specified by the purchaser, the uniformity of a
lot, or the equivalence of different lots from the same source
shall be established by the use of the following requirements:

6.1.1 Infrared Analvsis—The absorption spectra of the
initial sample and the test sample, obtained as specified in
18.1, shall be essenniaily similar.

_ Note 5—Other procedures of infrared analysis may be employed
pursuant to agreement between the purchaser and the supplier.

- 6.1.2 Residue by Oven Drving (Liquid Admixiures)—
When dried as specified in 18.2. the oven-dried residues of
the initial sample and of subsequent samples shall be wathin
arange of vanation of not greater than 5 percentage points.

6.1.3 Residue by Oven Dryving (Noniiquid Admixtures)—
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When dried as specified in 18.3. the oven-dried residues oi
the mual sample and of the subsequent samples shail be
within a2 range of variation not greater than 4 percenlage
points.

6.1.4 Specific Gravitv (Liquid Admixtures)—When tested
as specified in 18.4, the specific gravity of subsequent test
samples shall not differ from the specific gravity of the initial
sample by more than 10 % of the difference between the
specific gravity of the initial sample and that of reagent water
at the same temperature. Reagent water conforming to
Specification D 1193, Types Ill or 1V, and prepared by
distillation ion exchange, reverse osmosis, electrodialysis, ar
a combination of these procedures is adequate.

6.2 In some instances, the nature of the admixture or
analytical capability of the purchaser may make some or all
of these procedures unsuitable. In such cases. other require-
ments for unmiformity and equivalence from lot to lot or
within a lot mav be established by agreement between the
purchaser and the manufacturer.

7. Packaging and Marking

7.1 When the admixture is delivered in packages or
containers, the proprietary name of the admixture, the type
under this specification, and the net weight or volume shail
be plainly marked thereon. Similar information shall be
provided in the shipping advices accompanying packaged or
bulk shipments of admixtures.

8. Storage

8.1 The admixture shall be stored in such a manner as to
permit easy access for proper inspection and identification of
each shipment, and in a suitable weathertight building that
will protect the admixture from dampness and freezing.

9. Sampling and Inspection

9.1 Every facility shall be provided the purchaser for
careful sampling and inspection, either at the point of
manufacture or at the site of the work, as may be specified by
the purchaser.

9.2 Samples shall be either “grab™ or “composite” sam-
ples, as specified or required by this specification. A grab
sample is one obtained in a single operation. A composite
sample is one obtained by combining three or mare grab
samples.

9.3. For the purposes of this specification, it is recognized
that samples will be taken for two reasons:

9.3.1 Quality Tests—A sample taken for the purpose of
evaluating the quality of a source or lot of admixture will be
required 10 meet all the applicable requirements of this
specification. Samples used 10 determine conformance with
the requirements of this specification shall be composites of
grab samples taken from sufficient locations to ensure that
the composite sample will be representauve of the loi.

9.3.2 Uniformuy and Equivalence Tests—When specified
by the purchaser, a sample taken for the purpose of
evaluating the untformity of a single lot, or equivalence of
different lots from one source shall be tested as provided in
Section 6. Such samples shall be composite samples from
individual lots when different lots from the same source are
being compared. When the umiformity of a single lot is being
determined, grab sampies shall be used. o
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9.4 Ligquid Admixtures—Liquid admixtures shall be ag-
tated thoroughly immediately prior to sampling. Grab sam-
ples taken for quality or uniformity tests shall represent a
unit shipment or a single production lot. Each grab sample
shall have a volume of at least 1 pt (0.5 L). A minimum of
three grab samples shall be taken. Composite sampies shall
be prepared by thoroughly mixing the grab samples selected
and the resultant mixture sampiled to provide at least | gal (4
L) for quality tests. Grab samples shall be taken from
different locations well disiributed throughout the quanuty
to be represented.

9.4.1 Admixtures in bulk storage tanks shall be sampled
equally from the upper, intermediate, and lower levels by
means of drain cocks in the sides of the tanks or a weighted
sampling bottle fitted with a stopper that can be removed
after the bottle is lowered to the desired depth.

9.4.2 Samples shall be packaged in impermeable, airtight
containers which are resistant to attack by the admixture.

9.5 Nonliquid Admixtures—Grab samples taken for
quality or uniformity tests shall represent not more than 2
tons (2 metric tons) of admixture and shall weigh at least 2 Ib
(1 kg). A mimimum of four grab samples shall be taken.
Composite samples shall be prepared by thoroughly mixiag
the grab sampies selected and the resuitant mixture sampled
to provide at least 5 b (2.3 kg) for the composite sample.
Grab samptes shail be 1aken from different locations well
distributed throughout the quantity 10 be represented.

9.5.1 Samples of packaged admixtures shail be obtained
by means of a tube sampler as described in Practice C {83.

9.5.2 Samples shall be packaged in moisture-proof, air-
tight containers.

9.6 Samples shall be thoroughly mixed before testing to
ensure umiformity, When recommended by the manufac-
turer, the entire sample of a nonliquid admixture shall be
dissolved in water prior to testing.

10. Rejection

10.1 Formtial compliance testing, the admixture may be
rejected if it fails to meet anyv of the applicable requirements
for this specification.

10.2 For limited retesting, the admixture may be rejected
if it fails to meet any of the requirements of the Uniformity
and Equivalence Section and of the applicable parts of Table
L.

10.3 An admixture stored at the point of manufacture, for
more than 6 months pnor to shipment, or an admixture in
local storage in the hands of a vendor for more than 6
months. after completion of tests. may be retested before use
and may be rejected f it fails to conform to any of the
applicable requirements of this specification.

10.4 Packages or containers varying more than S % from
the specified weight or volume may be rejected. If the
average weight or volume of 50 packages taken at random is
less than that specified. the entire shipment may be rejected.

10.5 When the admixture is to be used in non-air-
entrained concrete, it may be rejected if the test concrete
contaiming it has an air content greater than 3.0 %: when the
admixture is to be used in air-entramed concrete. it may be
rejected if the test concrete containing it has an air content
greater than 7.0 %.

254

TEST METHODS

NoOTE 6—These tests are based on arbitrary stipulatrons which make
possible highly standardized testing in the laboratory and are no
intended to simulaie actual job conditions.

11. Materials

11.1 Cement—The cement used in any series of tests shall
be either the cement proposed for specific work in accor-
dance with 11.4, a Type I or Type II cement conforming to
Specification C 150, or a blend of two or more cements. in
equal parts. Each cement of the blend shall conform 1o the
requirements of either Type I or Type II. Specification
C 150. If when using a cement other than that proposed for
spectfic work, the air content of the concrete made without
admixture, tested as prescnbed in 14.3, is more than 3.0 %.
select a different cement, or blend, so that the air content of
the concrete will be 3.0 % or less.

11.2 Aggregates—Except when tests are made in accor-
dance with 11.4 using the aggregates proposed for specific
work, the fine and coarse aggregates used in any series of tests
shall come from single lots of well-graded, sound materials
that conform to the requirements of Specification C 33,
except that the grading of the aggregates shall conform to the
following requirements:

. 11.2.1 Fine Aggregate Grading:

Sieve Weight Percemt
Passing
No. 4(4.75-mm) 100
No. 16 (1.18-mm) 651075
No. 50 (300 um) 1210 20
No. 100 (150 um) 208

11.2.2 Coarse Aggregate Grading— The coarse aggregate
shall meet the requirements for size number 57 of Specifica-
tion C 33.

Note 7—Take care in loading and delivery to avoid segregation.

11.2.3 The coarse aggregate used for each set of reference
concrete and comparable test admixture-treated concrete
shall be essentially the same. Therefore. a set of test concrete
consists of one reference concrete and as many test admix-
ture-containing concretes as are intended to be compared to
that one reference. Thus. coarse aggregate for one set shall
consist of encugh material for one reference concrete. the
test admixture-containing concrete to be compared with that
reference and the sample for grading analysis testing.

11.2.3.1 Prepare coarse aggregate for a set. compnsing a
sample large enough for concrete trials. as foliows: Fill tared
containers, one each for a sample. a batch of reference
concrete and one or more est concretes to the required mass
from the aggregate stockpile. Accomplish this by starting
with a scoopful into the first container and repeat this
procedure until all containers have their required mass.
Repeat the process for each of the three or more sets needed.
One or more spare sets may be needed. See the Appendix of
Practice D 75, Sampling from Stockpiles. and the Manual of
Aggregate and Concrete Testung for gutdance for conditions
and procedures.

11.2.4 Test coarse aggregate samples representing each set
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by Method C 136 requirements for the sieves shown below.
Discard any set for which the sample does not comply with
size 57. Average test results for samples which comply with
size 57 for each sieve size. Discard any set for which the
sample deviates from this average by more than the amount
shown in column 3. Conunue the process of preparauon,
testing and averaging until sufficient sets of aggregate within
tolerance are obtained.

Sieve Speaificatnon € 33. No. 57  Maximum vanauon from
Percent Passing averagefpassing

1.5n. 100 00

1.0 1n. 95 to 100 1.0

0.5 1n, 251060 4.0

No. 4 Qw0 40

No. 8 Otws 1.0

NoTe 8—All of the results required for demonstrating compliance
under this spectficanion are dependent on the uniforrmmy of the aggregate
samples prepared and used. Careful, skilled and well-supervised work 15
essenual.

1.3 Air-Entraining idmixture—Except when tests are
made in accordance with 11.4 using the air-entraining
admixture proposed for specific work, the air-entraining
admixture used in the concrete mixtures specified in Section
12 shall be a matenal such that when used to entrain the
specified amount of air in the concrete mixture will give
concrete of satisfactory resistance to freezing and thawing.
The matenal to be so used will be designated by the person
or agency for whom the testng is to be performed. If no
material is designated, “neutralized Vinsol resin™ shall be
used.

Note 9—Neutralization may be accomplished by treating (00 parts
of Vinsol resin with 9 10 15 pans of NaOH by weight. In an aqueous
solution, the ratio of water (0 the resinate shall not exceed 12 to i by
weight.

V1.4 Materials for Tesis for Specific Uses—The effects of
a chemical admixture on the time of setting and water
requirement of concrete may vary with the time of its
addition during the batching and mixing sequence. To test a
chemical admixture for use in specific work, the cement,
pozzolan. aggregates, and air-entraining admixture used shall
be representative of those proposed for use in the work. Add
the chemical admixture in the same manner and at the same
time durning the batching and mixing sequence as it will be
added on the job. Proportion the concrete mixtures to have
the cement content specified for use in the work. If the
maximum size of coarse aggregate is greater than 1 in. (25.4
mm). screen the concrete over a |-in. (25.0-mm) sieve prior
to fabricating the test specimens.

11.4.1 Other Use Conditions—Other conditions may af-
fect the overall suitability of the concrete mixture for specific
intended uses. These include the temperature of the mate-
nials or the surroundings. the humidity, the length of ume
between mixing and placing, the amount of mixing activity
and other factors. These physical conditions may be incor-
porated into the tests with intention for indicating the
potential interactions. These tests would be only for guid-
ance. After incorporation of such test conditions it would not

7 Vinsol resin 1s manufactured by Hercules Inc.. Wilmington, DE.
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be suitable to expect compliance with this specification
requirement.

\1.5 Preparation and Weighing—Prepare all material and
make all weighings as prescribed in Practice C 192.

12. Proportioning of Concrete Mixtures

12.1 Proportions—Except when tests are being made for
specific uses (see 11.4), all concrete shall be proportioned
using ACI 211.1-77 to conform to the requirements de-
scribed in 12.1.1 through 12.1.4. Unliess otherwise specified,
the admixture shall be added with the first increment of
mixing water that is added to the mixer.

12.1.1 The cement content shall be 517 + 5 Ib/yd® (307 +
3 kg/m?>).

12.1.2 The first trial mixture shall contain the amount of
coarse aggregate shown in Table 5.3.6 of ACI 211.1-77 for
the maximum size of aggregate and for the fineness modulus
of the sand being used.

Note 10—Values in Table 5.3.6 of ACI 211.1-77 are interded to
ensure workable mixtures with the least favorable combinauons of
aggregate likely to be used. It i3 suggested. therefore. that for a closer
approximation of the proportions required for this tesi. the values
selected from Table 5.3.6 be increased by about 7 for the first 1rial
mxture.

12.1.3 For the non-air-entrained mixtures, the air content
used in calculating the proportions shall be 1.5, as shown in
Table 5.3.3 of ACI 211.1-77, For the air-entrained mixtures,
the arr content used for this purpose shall be 5.5.

12.1.4 Adjust the water content to obtain a slump of 32
+ '2 in. (88 * 12 mm). The workability of the concrete
mixture shall be suitable for consolidation by hand rodding
and the concrete mixture shall have the minimum water
content possible. Achieve these conditions by final adjust-
ments in the proportion of fine aggregate 1o total aggregate or
in the amount of total aggregate, or both, while maintaining
the yield and slump in the required ranges.

12.2 Conditions—Prepare concrete mixtures both with
and without the admixture under test. Refer herein to the
concrete mixture without the chemical admxture as the
reference or control concrete mixture. Add the admixture in
the manner recommended by the manufacturer and in the
amount necessary to comply with the applicable require-
ments of the specifications for water reduction or time of
setting, or both. When desired by the person or agency for
whom the tests are being performed. the admixture may be
added 1n an amount such as to produce a specific time of
setting of the concrete mixture within the limits of the
applicable provisions of this specification.

12.2.1 Non-Air-Enmirained Concrete—When the admix-
ture is to be tested for use only in non-air-entrained concrete,
the air content of both the mixture containing the admixture
under test and the reference concrete mixture shall be 3.0 %
or less, and the difference between the air contents of the two
mixtures shall not exceed 0.5. If necessary, the air-entraining
admixture specified in 11.3 shall be added to the reference
concrete mixture. Tests for resistance to freezing and
thawing shall not be made.

12.2.2 Air-Enmtrained Concrere—When the admixture is to
be tested for use only in air-entrammed concrete, the air-
entraining admixture specified in 11.3 shall be added to the
reference concrete mixture and. if necessary, to the concrete

&,
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mixture containing the admixture under test in sufficient
amounts to produce air contents in the range 3.5 10 7.0,
except that for tests for resistance to freezing and thawing,
the range shall be 5.0 to 7.0. In both cases the difference
between the air content of the reference concrete and that of
the concrete containing the admixture under test shail not
exceed 0.5.

13. Mixing
13.1 Machine mix the concrete as prescribed in Practice
C192.

14. Tests and Properties of Freshly Mixed Concrete

14.1 Samples of freshly mixed concrete from at least three
separate batches for each condition of concrete shall be
tested in accordance with the methods described in 14.2
through 14.5.

14.2 Slump—Test Method C 143.

14.3 Air Content—Test Method C 231.

14.4 Time of Setting—Test Methed C 403, except that the
temperature of each of the ingredients of the concrete
mixtures, just prior t0 mixing, and the temperature at which
the time of setting specimens are stored during the test period
shail be 73 + 3°F (23.0 = 1.7°C).

14.5 Warer Content:

14.5.1 Report the water-cement ratio of the concrete,
computed to the nearest 0.001, as follows: Determine the net
water content of the baich as the weight of water in the batch
in excess of that present as absarbed water in the aggregates.
Calculate the actual volume of concrete in the batch by
determining the weight per unit volume of concrete in the
batch as prescribed in Test Method C [38. Determine the
water-cement ratio by dividing the net weight of water by the
weight of cement in the baich.

14.5.2 Calculate the relative water content of the concrete
containzng the admixture under test as a percentage of the
water content of the ceference concrete as follows: Divide the
average water content of all batches of concrete contamning
the admixture under test by the average water content of ail
baiches of the reference concrete and multiply the quotient
by 100.

TABLE 2 Types and Minimum Number of Specimens and Tests

Num-

Number Num-
e e Gl tero
of Test ditions Specr-
. Ages of Con- mens.
rnE m‘: ee % crete® ]
Water content o= 1 2 —
Slump 1 1 2 c
Aur content 1 1 2 c
Time of settmg 1 2 2 6
Compressive strengtn 1 5 2 30
Fiexwal strength 1 3 2 18
Freezing and thawing 1 1 2 12
Length change 1 1 2 6
Water redqucing, high s 6 36
range
Water reduang. high 6 36
—ange and retarong
* See Secton 14 ana 16 2.
8 See 12.2
€ Determined on each batch of concrete mixed
O See 144
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15. Preparation of Test Specimens

15.1 Make specimens for tests of hardened conc
representing each test and age of test and each conditio
concrete being compared, from at least three sepa
batches, and the minimum number of specimens shall b
prescribed in Table 2. On a given day make at least
specimen for each test and age of test from each conditio
concrete, except make at least two specimens for the frec:
and thawing test from each condition of concrete. Comp
the preparation of all specimens in three days of mixing.

15.2 Manifestly Faulty Specimens—Visually exam
each group of specimens representing a given test or a gi'
age of test, including tests of freshly mixed concrete, bef
or during the test, or both, whichever is appropriate. Disc
any specimen found to be manifestly faulty by such exa
nation without testing. Visually examine ail specim
representing 3 given test at a given age after testing, 2
should any specimen be found to be manifestly faulty the t
results thereof shall be disregarded. Should more than c
specimen representing a given test at a given age be fou
manifestly faunity either before or after testing, the entire t
shall be disregarded and repeated. The test result report
shall be the average of the individual test resuits of t
specimens tested or, in the event that one specimen or ¢
result has been discarded, it shall be the average of the t
results of the remaining specimens.

16. Test Specimens of Hardened Concrete

16.1 Number of Specimens—Six or more test specime:
for the freezing and thawing test and three or more te
specimens for each other type of test and age of test specifi¢
in Table 2 shall be made for each condition of concrete to t
compared.

16.2 Types of Specimens—Specimens made from co1
crete with and without the chemical admixture under te:
shall be prepared in accordance with the following:

16.2.1 Compressive Strength—Make and cure test spec
mens in accordance with Practice C 192.

16.2.2 Flexural Strength—Make and cure test specimen
in accordance with Practice C 192.

16.2.3 Resisiance to Freezing and Thawing—Test speci
mens shall consist of prisms made and cured in accordanc
with the applicable requirements of Practice C 192, Tes
specimen dimensions shall be as required by Test Metho«
C 666. Make one set of specimens from the concrete mixtun
containing the chemical admixture under test and from thi
reference concrete mixture, the air content of each mixture
being as specified in 12.2.2.

16.2.4 Length Change—Make and cure test specimens ir.
accordance with Test Method C 157. The moist-cunng
period, including the period in the molds, shall be 14 davs,

17. Tests on Hardened Concrete

17.1 Test specimens of hardened concrete in accordance
with the following methods (see Table |):

[7.1.1 Compressive Strength—Test Method C 39. Test
specimens at ages of 1, 3, 7, and 28 days. 6 months. and |
year. Calculate the compressive strength of the concrete
containing the admixture under test as a percentage of the
compressive strength of the reference concrete as follows:

17.1.1.1 Divide the average compressive strength of the
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specimens made from the concrete containing the admixture
under test at a given age of test by the average compressive
strength of the specimens made from the reference concrete
at the same age of test and multiply the quotient by 100.
i7.1.1.2 When tests are conducted with matenals repre-
sentative of those proposed for use in specific work in
accordance with [1.4, and if the results of the tests are
required in a period of time that will not permit curing of
specimens to ages of 6 months and | year, the tests at those
ages as required in accordance with 17.1.1 may be waived.
17.1.2 Flexural Strength—Test Method C 78. Test speci-
mens at ages 3. 7, and 28 days. Calculate the flexural strength
of the concrete containing the admixture under test as a
percentage of the flexural strength of the reference concrete
as follows:
17.1.2.]1 Divide the average flexural strength of the speci-
mens made from the concrete containing the admixture
under test at a given age of test by the average flexural
strength of the specimens made from the reference concrete
at the same age of test, and multiply the quotient by 100.
17.1.3 Resistance to Freezing and Thawing—Comparison
tests of the concrete containing the admixture under test
with the reference concrete muxture shall be made concur-
rently using Procedure A of Test Method C 666. Place
specimens under test at the age of 14 days. Calculate the
relative durability factors as shown in Specification C 260,
17.1.4 Length Change—Test specimens shall consist of
molded pnisms made and tested in accordance with Test
Method C 157 except that the moist curing period, including
the period in the molds, shall be 14 days. Then store the
specimens in air under conditions specified in Section 7.1.2
of Test Method C 157 for a period of 14 days, at which time
determine the length change of the specimen. Consider the
drving shrinkage to be the length change during the drying
period, based on an initial measurement at the time of
removal of the specimen from the mold, and express it as
percent to the nearest 0.001 % based on the specimen gage
length. If the length change of the reference concrete after 14
days of drying 15 0.030 % or greater, the length change on
drving of concrete containing the admixture under test,
expressed as percent of the length change of the reference
concrete, shall not exceed the maximum specified in Table 1.
If the length change of the reference concrete afier 14 days of
drying is less than 0.030 %, the length change on drying of
concrete containing the admixture under test shail be not
more than 0.010, expressed as a percentage change in length,
greater than that of the reference concrete.

Note 11—Since the specific effects produced by chemical admix-
tures may vary with the properties of the other ingredients of the
concrete, results of length change tests using aggregates of such a nature
that the length change on dryng is low may not accurately indicate
relauve performance to be expected with other aggregates having
properues such as to produce concrete of high length change on drying.

18. Uniformity and Equivalence Tests

18.1 Infrared Analysis—This test procedure is intended to
compare qualitatively the composition of different samples
and results should not be interpreted quantitatively. Sections
18.1.1, 18.1.2, and 18.1.3 give a general procedure for the
Infrared analysis of admixtures (see Notes 5 and 12).

18.1.) Liquid Admuixtures—Determine the dissolved
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solids concentration by 18.2 and dilute an aliquot of the
liguid admixture sample with distilled water to yield a
dissolved solids concentration of about 0.015 g/mL, for
example, 2 5-mL aliquot diluted to 200 mL. Pipet 5 mL of
above solution and add it 10 a pewni dish with 2.5 g of
potassium bromide of a grade suitable for use in infrared
analysis and 5 mL of distilled water. Stir and mix to dissolve.
Place in a drying oven (18.2.1.1) and dry for 17 = Va h at 105
+ 3°C. Cool and transfer the dried residue 1o a mortar and
grind to 2 fine powder. Work quickly to avoid maoisture
pick-up. Weigh 0.1 g of the powder and 0.4 g of potassium
bromide of a grade suitable for use in infrared analysis. Mix
in an electric amalgamator for 30 s using stainless steel
capsule and balls. Proceed in accordance with 18.1.3.

18.1.2 Non-liguid Admixtures—Grind 10 g to a fine
powder with mortar and pestle. Transfer the sample 10 a
petn dish, place in a drying oven (18.2.1.1) and dry for 17 +
Ya h at 105 + 3°C. Weigh approximately 0.005 g of the dry
powder and 0.995 g of potassium bromide of a grade suitable
for use in infrared analysis. Mix in an electric amalgamator
for 30 s using stainless stee! capsule and balls. Proceed in
accordance with 18.1.3.

18.1.3 To prepare a disk for infrared analysis, weigh 0.300
g of the mixture prepared in 18.1.1 or 18.1.2 and transfer
into a suitable die. If an evacuable die is used, apply vacuum
for 2 min prior ta pressing. Continue vacuum and press at a
suitable force for 3 min, producing a disk about | mm thick.
Remove the disk from the die, insert into the infrared
spectrophotometer and obtain infrared absorption spectra.

NoTE 12—1It is imporant that the same procedures be used on all
samples 10 be compared with each other and preferably that they be
conducted by the same analyst. Major changes in infrared spectra may
result from (a) water content differences due to drying vanauons, (5)
water picked up by hygroscopic matenals, (¢) seaction between the
potassium bromide and some other compound present, and (d) differ-
ences in time between formation of the disk and its use. Also, the
threshold for detection of individual components by infrared absorption
varies widely, depending upon the idenuity and concentrauon of
accompanying  subsiances. For example, significant amounts of
saccharides may be present in a lignosulfonate admixture without their
presence being indicated by this method.

18.2 Residue by Oven Drying {Liquid Admixtures):

18.2.1 Ptace 25 to 30 g of standard Ottawa sand (20 1o 30
mesh) in a wide-mouth, low-form (about 60 mm inside
diameter and 30 mm in height) glass weighing bottle
provided with a ground-glass stopper. Place the weighing
bottle and stopper, with stopper removed, in a drying oven
(18.2.1.1) and dry for {7 = 4 h at 105 £ 3°C (Note 11),
Insert the stopper in the weighing bottle, transfer 10 a
desiccator, cool to room temperature, and weigh to the
nearest 0.001 g. Remove the stopper and, using a pipet,
evenly distribute 4 m} of the liquid admixture over the sand.
Immediately insert the stopper to avoid loss by evaporation
and weigh to the nearest 0.001 g. Remove the stopper and
place both the bottle and stopper in a drying oven (18.2.1.1).
Dry for 17 £ Y h at 105 £ 3°C. At the end of the drving
period, stopper the weighing bottle, transfer to a desiccator,
cool to room temperature, and weigh to the nearest 0.001 g.

18.2.1.1 The drying oven shall be either a forced circula-
tion type or one with provision for free access of air. There
shall be precise control of temperature and time of drying so
that the degree of volaiilizauon of the matenal other than
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water from sample to sample will not vary.
18.2.2 Calculation:
18.2.2.1 Record the following weights:

weight of stoppered bottle with sand and sample,

w =

ws = weight of stoppered bottle with sand,

wy = w; — w, = weight of sample,

w, = weight of stoppered bottle with sand and dried
residue, and

ws = w, — w, = weight of dried residue.

18.2.2.2 Calculate the residue by using the following
equation:

Restdue by aven drying (percent by weight) =(ws X 100)/w,

Note 13—For laboratones conducting this test as a routine opera-
tion, previously dried sand and weighing bottles can be maintained in

desiccators so that they are immediately available for use when a sample
is 10 be tested.

18.2.3 Precision Statemenmt—The maximum muit-
laboratory coefficient of vanation for residue by oven drying
(liquid admixtures) has been found to be 1.25 %. Therefore,
resuits of tests by two different laboratories on identical
samples of an admixture should not differ from each other
by more than 3.5 % of their average (Note 14). The
maximum single-operator coefficient of vanation has been
found to be 0.6 %. Therefore, resuits of two properly
conducted tests by the same operator on the same material
should not differ by more than 1.7 %. )

NoTE 14—The precision statements are based on the maximum
vanation of tests made 1n {8 laboratornies on sets of three duplicate
sampies of two different admixtures.

18.3 Residue by Oven Drying (Nonliquid Admixtures):

18.3.1 Place about 3 g of the nonliquid admixture into a
dried and tared glass-stoppered weighing bottle (similar to
the one described in 18.2.1). Stopper and weigh bottle and
contents to the nearest 0.001 g. Remove the stopper and
immediately place both bottle and stopper in a drying oven
(18.2.1.1). Dry for 17 + Vs h at 105 = 3°C. At the end of the
drving period. stopper the weighing bottle. transfer to the
desiccator. cool to room temperature. and weigh to the
nearest 0.001 g.

18.3.2 Calcuiation:

18.3.2.1 Record the following weights:
w, = weight of tared stoppered weighing bottle and sample

before drving,

w, = weight of empty, stoppered weighing botile,

wy = weight of sample = (w; — w.),

w, = weight of tared stoppered weighing bottle and sample
after drving, and

ws = weight of oven-dried residue = w; — wa.

18.3.2.2 Calculate the oven-dnied residue by using the
following equation:

Residue by oven drying (weight percent) =[iw X 100]/w;,

18.3.3 Precision Statement—The maximum multilab-
oratory coefficient of vananon for residue by oven-drying
(non-liquid admixture) has been found to be 1.40 %. There-
fore, results of tests by two different laboratories on identical
samples of an admixture should not differ from each other
by more than 4.0 % of their average. The maximum single-
operator coeffictent of vanation for restdue by oven drying
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(non-liquid admixture) has been found to be 0.48 %. Thes
fore, results of two properly conducted tests by the san
operator on the same material should not differ by mo
than 1.4 % of their average. Note 14 also applies to 18.3.3

18.4 Specific Gravity (Liquid Admixtures):

18.4.1 Determine the specific gravity at 25 + 1°C of
liquid admixture using hydrometers complying with Speci{
cation E 100. Hydrometers No. 112H through 117H wa
cover the range for most determinations. A 250-mL grada
ated cylinder, and a water bath capable of maintaining 25 :
1°C will also be required.

18.4.2 Place a sample in the 250-mL graduated cylinde
and put in the hydrometer in such a manner that it floats fre
and does not touch the side of the cylinder. Place th
cylinder with sample and hydrometer in the constani
temperature bath until the temperature of the cylinder
hydrometer, and sample is uniform at 25 = 1°C. If all are a
proper temperature prior to insertion of the hydrometer
approximately {0 min should be allowed for equilibrium. I
the sample shows evidence of foaming, hydrometer reading
should be continued until constant readings are obtained
Read the hydrometer at the base of the meniscus to the
nearest 0.0085.

18.4.2.1 If foaming is encountered during transfer of the
admixture to the cylinder, sufficient time shall be allowed for
the foam to dissipate or rise to the surface, where it shall be
removed before inserting the hydrometer. Crusting of the
admixture on the hydrometer stiem due to evaporation
dunng temperature adjustment shall be avoided.

18.4.3 Precision Statement—The maximum muitilab-
oratory coefficient of vanation for specific gravity (liquid
admixtures) has been found to be 0.316 %. Therefore, resuits
of two different laboratories on identical samples of an
admixture should not differ from each other by more than
0.9 % of their average (Note 14). The maximum single-
operator coefficient of variation has been found to be
0.09 %. Therefore, results of two properly conducted tests by
the same operator on the same material should not differ by
more than 0.275 %.

19. Report

19.1 Report the following:

19.1.1 Resuits of the tests specified in Sections 6, 14, and
17, and the relevant specification requirements with which
they are compared,

19.1.2 Brand pame, manufacturer’s name, and lot
number, character of the matenal, and quantity represented
by the sample of the admixture under test.

19.1.3 Brand name, manufacturer's name, and other
pertinent data on the material used as the air-entraining
admixture,

19.1.4 Brand name, manufacturer’s name. type, and test
data on the portland cement or cements used.

19.1.5 Description of, and test data on the fine and coarse
aggregates used,

19.1.6 Detailed data on the concrete mixtures used. in-
cluding amounts and proportions of admuxtures used. actual
cement faciors., water-cement ratios. unit water contents.
ratios of fine to total aggregate. stump, and air content. and

19.1.7 In the event that. in accordance with the provisions
of 17.1:1.2. some of the tests have been waived, the circum-
stances under which such action was taken shall be stared.
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Standard Specification for

Moist Cabinets, Moist Rooms, and Water Storage Tanks
Used in the Testing of Hydraulic Cements and Concretes’

This standard is issued under the fixed designation C 511; the number immediately following the designation indicates the year of
onginal adoptioo or, in the case of revision, the year of last revision. A number in pareatheses indicates the year of last reapproval. A
superscript epsion (¢) indicates an editonal chaoge since the last revision or reapproval,

1. Scope

1.1 This specification covers requirements for moist cabi-
nets, moist rooms, and water storage tanks used for storage
of paste, mortar, and concrete test specimens.

1.2 This standard does not purport i0 address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 911 Specification for Quicklime, Hydrated Lime, and
Limestone for Chemical Uses?

E 77 Test Methods for the Inspection and Verification of
Thermometers?

3. Terminology

3.1 Definitions:

3.1.1 moist cabinet, n—a compartmented storage facility
of moderate dimensions with controiled temperature and
refative humidity.

3.1.2 moist room, n—a “walk-in” storage facility with
controlled temperature and relative humidity, commoniy
called a fog room when the prescribed relative humidity is
achieved by the atomization of water,

4. Requirements

4.1 General—The atmosphere in a moist cabinet or room
shall have a temperature of 23.0 £ 2.0°C and a relative
humidity of not less than 95 %. The moisture in the
atmosphere shall be saturated to the degree needed to ensure
that the exposed surfaces of all specimens in storage will both
look moist and feel moist at ail times. All storage units shall
be equipped with recording thermometers. The recording
thermometer shall be calibrated at least every six moaths or
whenever there is a question of accuracy. The reference
measuring device must be a thermometer, graduated to
0.5°C which has been verified or calibrated, or both, in
accordance with Test Methods E 77 (Note !). The calibra-
tion of the recording thermometer shail be performed at 23.0
+ 2.0°C according to the reference thermometer. Posinon the

! This speafication 15 under the junsdiction of ASTM Commuttee C-1 on
Cement and 15 the durect responsibibity of Subcommuttee C01.95 on Coordinanon
of Standards.

Current edition approved July 10, 1996. Published September 1996, Onginally
published as C 511 - 68. Last previous editon C 511 = 95a

2 Annual Book of ASTM Standards, Vol 04 0.

3 Annual Book of ASTM Standards. Vol 13.03,
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reference thermometer in a readable position in air as near as
is practical to the recording temperature probe. Keep the
cabinet or room closed for at least 5 min prior to taking
readings. For the temperature, the reference thermometer
shall remain in the cabinet or room and be read immediately
upon opening the moist cabinet or room deoor. Record both
temperatures. If the difference between the two temperatures
is greater than 1°C, the recording thermometer shall be
adjusted to within 0.5°C of the reference thermometer. The
use of humidity recording devices is optional. Shelves on
which fresh specimens are placed shall be level.

Note 1—Liguid-in-glass thermometers, as well as other types of
thermometers, are commerically available. These thermometers shouid
be verified according to Test Methods E 77 to ensure that no damage has
occurred during shipping. The ice-point method is the simplest proce-
dure to use.

4.1.] The air in a moist storage unit must be nearly
saturated with moisture in order to provide specified storage
conditions. In many cases, saturation is below optimum
duning periods when specimens are being placed in or
removed from storage. Measurements of relative humidity
shouid not be made at such obviously inopportune times.

4.1.2 The recordings from the recording thermometers
shall be audited in order to ascertain the adequacy of the
mechanisms used to control the moist room air temperature,

4.1.3 The air temperature inside the storage facility (moist
cabinet or moist room) shall be controlled with provisions
made for heating or cooling, or both, as may be necessary.
This shail be accomplished in one of two ways:

4.1.3.1 Thermostatically control the air temperature
within the storage facility when surrounding space is not
conditioned. In this case the sensing element for the coatrols
shall be located instde the storage facility.

4.1.3.2 Thermostatically control the space surrounding
the storage facility and manually control the temperature
within the storage facility.

4.1.4 In either of the preceding cases. the laboratory shall
demonstrate the ability of the controls to maintain the
required temperature in the storage facility over an extended
period of ume. Charts from the recording thermometer that
indicate that the temperatures are within the temperature
limits specified in 4.1 shall be required as evidence of this
ability.

4.2 Moist Cabinets—A moist cabinet shall be constructed
of durable matenals and the doors shall be tight-fiting. The
specified relative humidity shall be maintained by the use of
one or more fog sprays, water sprays, or curtains of water on
the inner walls that are so directed that the discharge will
collect in a pool at or near the bottom of the moist storage
section.
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Water Line
Approximately 20 alL/min

= Hollow Stainless Steel
Sphere, 40 mx diameter
with welded firting

-  Air Line,
/ Approximately 700 KPa

NovE—Cut twee horzontal exr siots around circumfersnce of holiow sphere
using a 0.20 mm thick diamond laprdary saw covenng 120° to 150° each and
spaced approxamately 5 mm apart.¥
FIG. 1 Example of a Fog Spray for Maintaining Relative Humidity

in Moist Rooms (Full Scale)

4.3 Moist Rooms:

4.3.1 General—The walls of a moist room shail be con-
structed of durabile materials, and all openings shall be
provided with tight-fitting doors or windows (Note 2). The
specified relative humudity may be maintained in any
convenient and suitable manner (Note 3).

NoTe 2—Well insulated walls will substantially help maintain neces-
sary conditions.

Note 3—A fog spray found suitable for this purpose is shown in Fig-
L

4.3.2 Moist Rooms Used in Cement Testing—Durable
shelving that is properly shielded to prevent droplets of water
from falling on the surfaces of freshly molded specimens
shall be available within each room.

4.3.3 Moist Rooms Used in Concrete Testing—Atmo-
sphenc conditions within each room shall be such that test
specimens in storage shall have free water maintained on
their entire surface area at all times. Specimeas shall not be

% Oge spray will supply sufficient water 1o supply moisture to a space of 25 m’.
Hollow spheres avaable through McMaster Carr Supply Co., PO Box 4355,
Chicago, IL 60680-4355.

exposed to dripping or running water.

4.4 Water Storage Tanks:

44.1 General—Tanks shall be constructed of noncor—
roding materials. Provision for automatic control of water—
temperature at 23.0 + 2.0°C shall be made where a tank is
located in a room not having temperature controlled within
that range and in any other instance where difficuity in
maintaining temperatures within the specified range is en-
countered. Each tank located in a space not controlled at
23.0 £ 2.0°C shall be equipped with a recording thermom-
eter with its sensing element in the storage water. Water
storage recording thermometers shall be checked for accu-
racy at least every six months by comparing their output
with that of 2 mercury in glass thermometer, graduated in
0.5°C divisions, placed in the water adjacent to the probe of
the recording thermometer. Adjustments shall be made i
differences in the observed readings exceed 1°C. The water in
a storage tank shall be saturated with calcium hydroxide to
prevent leaching of calcium hydroxide from the specimens
(Note 4). Water not saturated with calcium hydroxide
(high-calcium hydrated lime) may affect test results due to
leaching of lime from the test specimens and shail not be
used in storage tanks. To maintain saturation with calcium
hydroxide, excess calcium hydroxide shall be present. For the
purpases of lime saturation to prevent leaching, lime means
calcium hydroxide only (hydrated lime, such as Type CH,
meeting the requirements of Specification C 911), not cal-
cium carbonate. The water in the storage tank shall be
thoroughly stirred at intervals not to exceed one month to
help replace calcium ions that have depleted. Tanks shall be
cleaned and refilled with water containing 3 g/L of calcium
hydroxide at intervals not to exceed 24 months (Note 5).

Note 4—pH is not a reliable indicator of lime saturation in storage
tank water since severe reductions in dissolved calcium ions can occur
before pH values are significantly reduced.

Note 5—The 3 ¢/L level is intended 10 provide a quantity of calcium
hydroxide approximately two times that required for 1mtial sawration.

4.4.2 Do not use continuously running fresh water or
demineralized water in storage tanks because it may effect
test results due to excessive leaching. A closed system.
circulating the saturated lime water between or among

storage tanks, may be used.

5. Keywords
5.1 cement paste; concrete; moist cabinets; moist rooms
mortar; water storage tanks

The Amencan Socisty for Testing and Materials takes no position respectng the vaiidily of any patert nghts asserted in connaction
with any item mentioned in this standard. (Users of tius standard are expressly edvised that determnation of the vaidity of any such
parem nghts, and the nsk of intnngaement of such nghts, are entirely ther own responsildlity.

This standard fs subdect fa revision at any time by the responsible techrrcal committee and must be reviewesd every five ysars and
l mot revisad. enher reapproved or withdrawn. Your commests are inmvited efther for revisson of this stendard or for additional standards
and shouid be sddressed ta ASTM Headquarters. Your comments will recerve careful consideraton at a meeung of the responsible
tachnicai commitee. which you may attend. If you feef that your comments have not raceived a fair heanng you should make your
views known to the ASTM Committee on Standards. 100 Barr Harbor Drive, West Corshohocken, PA 19428,
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Standard Test Method for

Abrasion Resistance of Concrete or Mortar Surfaces

by the Rotating-Cutter Method'

This standard is issued uoder the fixed designation C 944; the mumber immediately following the designation indicates the year of
onginal adapaon or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval

1. Scope

i.1 This test method covers a procedure for determining
the resistance of cither concrete or mortar to abrasion. Jt is
pot intended to be used as an alternative to Test Method
C418, or Test Method C 779.

1.2 The values stated in SI units are to be regarded as
standard.

1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

C 42 Test Method for Obtaining and Testing Drilled Cores
and Sawed Beams of Concrete?

C 418 Test Method for Abrasion Resistance of Concrete
by Sandblasting?

C 779 Test Method for Abrasion Resistance of Homnzontal
Concrete Surfaces?

3. Significance and Use

3.1 This test method gives an indication of the relative
wear resistance of mortar and concrete based on testing of
cored or fabricated specimens. This test method has been
successfully used in the gquality conwol of highway and
bridge concrete subject to traffic. Primarily intended for use
on the top ends of 152-mm (6-in.) diameter concrete cares,
mortar specimens, or other samples of concrete of insuffi-
ctent test area to permit the conduct of tests by Test Methods
C418 or C779, this test method is also applicable on
concrete surfaces in place by measuring the abrasion loss as
described in Section 9, Procedure B, of Test Method C 779.

4, Apparatus

4.1 Abrasion Device—A drill press?® or similar device with
a chuck capable of holding and rotating the abrading cutter
at a speed of 200 r/min and exerting a force of 98 + 1 N (22
+ (.2 Ibf) on the test specimen surface. Fig. 1 shows a
commercial drill press and Fig. 2 illustrates details of the
rotating cutter. The difficulty in maintaining a constant load

' This test method 1s under the junsdiction of ASTM Comauttee C-9 on
Concrete and Concrete Aggregates and 1s the direct responability of Subcommiries
C09.62 ou Abrason Testng of Cooncrete.

Curreni edition approved Oct. 10, 1995. Published March 1996. Ongnpally
published as C 944 - 80. Last previous edition C 944 - 90a.

2 pnnual Book of ASTM Standards, Vol (4 02.

3 Available from Soiltest Inc., 2205 Lee St Evanston, IL 60202,
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on the abrading cutter when using the lever, gear, and spring
system of a drill press has been eliminated by placing the
desired load directly upon the spindle that turns the cutter.
The machine consists essentially of a frame that supports the
drive motor, stepped pulley, and spindle. A clamping device
to hoid the specimen is built into the base.

4.2 Rotating Cutter—A rotating cutter similar to that
shown in Figs. 2 and 3 shall be used in which 24 No. 1
Desmond-Huntington grinding dressing wheels® are mounted.
The washers shall be of a smaller diameter than the dressing
wheels before and after the test. The washer diameter shalil be
maintained at a diameter less than the dressing wheels
throughout the test (see also 4.2.2). (See Note 1.) The overall
diameter of the cutter or the diameter of the circular area
abraded is 82.5 mm (3 in.). Care shall be taken to achieve
constant contact between the rotating cutter and the entire
test surface of the sample. This can be better accomplished if
the cutters have a swivel connection allowing some vertical
movement. If the dressing wheels have one rounded edge,
they shail be mounted with the rounded edge toward the
vertical shaft. The individual grinding wheel dressers on the
horizontal shaft of the cutter shall be repositioned whenever
a change in the diameter of the outer cutters becomes
apparent. This is accomplished by reversing each set of
dressing wheels to bring the smaller diameter cutters toward
the vertical shaft.

Note 1—The washers between the dressing wheels are usually
supplied by the manufacturer.

4.2.] In making a test, the rotating cutter is held in a
raised position by means of the rod provided, the specimen
clamped securely in position, and motor started. The ro-
tating cutter is then lowered into contact with the specimen
for a specified time, after which the cutter is raised.

4,22 A set of dressing wheels shall be replaced periodi-
cally, preferably after each 90 min of use. The washers may
be ground or replaced to maintain the proper diameter.

4.3 Balance—A balance having a capacity of at least 4 kg,
and accurate to at least 0.1 g.

4.4 Leveling Plate—The base plate upon which the spec-
imen rests shall be capable of rotating in the hornizontal plane
so that the specimens when placed thereon can be positioned
10 secure maximum contact with the rotating cutter through-
out the full test area.

* Availsble from Desmond-Stephan Manufactunnog Co.. 713 South Walaut,
Urbana, OH.
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FIG. 1 Rotating-Cutter Drill Press

§. Sampling
5.1 Cores shall be taken in accordance with Test Method
C42.

6. Specimens

6.1 The specimens used in this test shall be of any size and
shape that can be accommeodated by the abrasion device and
the baiance provided. The surface to be tested shall be either
formed or finished and shall be positioned in the plane of
contact of the curter.

7. Procedure
7.1 Determine the mass of the specimen 10 the nearest 0.1

£
7.2 Fasten the specimens securely in the abrasion device

so that the surface to be tested is normal to the shaft.
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7.3 Mount the rotating cutter device in the abrasion
device. )

7.4 Start the motor and lower the cutter slowly until just
in contact with the surface of the specimen.

7.5 Continue abrasion with a load of 98 = | N (22 £ 02
Ibf) on the specimen for 2 min after contact between the
cutter and the surface, At the end of each 2-min abrasiod
peniod, remove the test specimen from the device and clea?
surfaces to remove debris using a soft brush or blow ¢
surface with air. Determine the specimen mass to the nearest
0.1 g The minimum test schedule shall involve three 2-m1?
periods conducted on three separate areas of representati¥
surfaces of the concrete or monar.

7.6 For concrete that 1s highly resistant to abrasion 2dd*
tional testing may be requred. Doubling the applied load. of
the time, or both, as shown in the following chart, sho
provide more comprehenstve informaucn on such concr

9
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Note: Wasbers ahall Bave a smaller

outside diamoter than the dressing

wmheal before and aftor Lbhe teat pepleod,

8.5 mm - 18 JAMNUTS

DRESSING WHEELS
WASHERS

e~ ROD END BEARING

WALL TUBING

85 mm-18

:‘.1: o %__aou
-p-1f -

PLAIN WASHERS

FIG. 2 Typical Rotating Cutters

Abrasion Cycle Load, N (1t Test Frequency/Period
A Normal 98 (22) 3 x 2 min
B Double load 197 (44) 3 x2man

7.7 When testing surfaces in place, or when the depth of
wear is to be determined due to significant differences in
surface density, refer to Test Method C 779 Procedure B,
(Sections Apparatus, Test Specimen, and Procedure) to
determine abraded depth using the apparatus in this test
method.

8. Report

8.1 Report the following information on;
1.1 Description of surface,
1.2 Size of specimen,
1.3 Type of finish,
1.4 Concrete compaction, age, and strength,
1.5 Applied surface treatment,
8.1.6 Load and time of abrasion used in the normal or
severe test,
8.1.7 Average loss in grams or depth of wear in milli-
metres and,

8.
8.
8.
8.
8.

8.1.8 Loss in mass and time abraded.

9. Precision and Bias

9.1 The precision and bias statements are only valid for
inch-pound units. An exact conversion of units is required to
ensure no effect on the original precision and bias data.

9.2 Normal Test Condition—The single-operator coeffi-
cient of variation has been found to be 21 %. Therefore, the
results of two properly conducted tests by the same operator
on similar samples should not differ from each other by
more than 59 % of the average.

9.3 Severe Test Condition—The single-operator coeffi-
cient of variation has been found to be 12.6 %. Therefore,
the resuits of two properly conducted tesis by the same
operator on similar samples should not differ from each
other by more than 36 % of their average.

9.4 Bias—The procedure in this test method has no bias
because the value of Abrasion Resistance of Concrete Sur-
faces can be only defined in terms of a test method.

10. Keywords
10.1 abrasion; concrete; impact; mortar; wear
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