
 

 

 

 

 

 

 

 

 

Anexo No. 01: Matriz de consistencia 



 

 

Matriz de consistencia 

Tema: “EFECTOS DE LA ADICIÓN DE MUCÍLAGO DE Cactaceae COLUMNAR EN LAS PROPIEDADES MECÁNICAS DEL CONCRETO 

HIDRÁULICO PARA SU APLICACIÓN EN PAVIMENTOS RÍGIDOS EN LA CIUDAD DE JULIACA - 2022.” 

PROBLEMAS DE LA 

INVESTIGACIÓN 

OBJETIVOS DE LA 

INVESTIGACIÓN 

HIPOTESIS DE LA 

INVESTIGACIÖN 
VARIABLES E INDICADORES METODOLOGÍA DE LA INVESTIGACIÓN 

Problema general 
¿Cuáles son los efectos que tiene la 

adición de mucílago de cactaceae 

columnar en las propiedades 
mecánicas del concreto hidráulico 

para su aplicación en pavimentos 

rígidos en la ciudad de Juliaca - 2022? 
 

Problemas específicos. 

 ¿Cuál es el efecto que tiene la 
adición de mucílago de cactaceae 

columnar en la resistencia a la 
compresión axial? 

 ¿Cuál es el efecto que tiene la 

adición de mucílago de cactaceae 
columnar en la resistencia a la 

flexión? 

 ¿Qué efecto tiene la adición de 

mucilago de cactaceae columnar en 

la trabajabilidad del concreto 
hidráulico? 

 ¿Cuál es el efecto que tiene la 

adición de mucílago de cactaceae 

columnar en la trabajabilidad? 

 

 

Objetivo General. 
Determinar los efectos que tiene la 

adición de mucílago de cactaceae 

columnar en las propiedades mecánicas 
del concreto hidráulico para su 

aplicación en pavimentos rígidos en la 

ciudad de Juliaca-Puno, 2022. 
 

Objetivos Específicos. 

 Determinar los efectos de la adición 
de mucílago de cactaceae columnar 

en la resistencia a la compresión 
axiall. 

 Determinar los efectos de la adición 

de mucílago de cactaceae columnar 
en la resistencia a la flexión. 

 Determinar los efectos de la adición 
de mucílago de cactaceae columnar 

en la trabajabilidad. 

 Determinar los efectos de la adición 
de mucílago de cactaceae columnar 

en la permeabilidad. 

 Proponer el espesor de losa de 

pavimento óptimo mediante la 
metodología AASHTO-93 a partir 

de los resultados de las propiedades 

mecánicas del concreto hidráulico 

con la adición de mucílago de 

cactaceae columnar. 

 

Hipótesis General. 

La adición de mucílago de cactaceae 

columnar influye directamente en las 

propiedades mecánicas del concreto 
hidráulico para su aplicación en 

pavimentos rígidos de la ciudad de 

Juliaca-Puno 2022. 
 

Hipótesis Específicas. 

 La adición de mucílago de cactaceae 
columnar al concreto hidráulico 

influye directamente en la resistencia 
a la compresión axia. 

 La adición de mucílago de cactaceae 

columnar al concreto hidráulico 
influye directamente en la resistencia 

a la flexión. 

 La adición de mucílago de cactaceae 
columnar al concreto influye 

directamente en la trabajabilidad. 

 La adición de mucílago de cactaceae 

columnar al concreto influye de 
manera favorable en la permeabilidad. 

 

Variable Independiente. 

X1: Mucilago de cactaceae 

columnar 

Indicadores. 

 

Dosificación con respecto al Peso 

en kilogramos del cemento 

- 1% 

- 2% 

- 3% 

Variables Dependientes. 

    Y1: Resistencia a la compresión 

    Y2: Resistencia a la flexión 

    Y3: Trabajabilidad 

    Y4: Permeabilidad 

    Y5: Espesor de losa de 

pavimento 

LINEA DE INVESTIGACION 

Construcciones y Gerencia 

DISEÑO DE INVESTIGACIÓN 

TIPO DE INVESTIGACION 

Enfoque: Investigación Cuantitativa. 

NIVEL DE INVESTIGACIÓN 

Explicativa 

SEGÚN EL GRADO DE MANIPULACIÓN DE 

VARIABLES 

diseños experimentales - Cuasi Experimental 

POBLACIÓN Y MUESTRA 

La población del presente estudio es el concreto estándar 

f’c=280kg/cm2 (sin la incorporación de mucilago de 

cactaceae columnar) y el concreto de f’c=280kg/cm2 con la 

incorporación en distintas proporciones de mucilago de 

cactaceae columnar. 

La muestra fue de 9 testigos cilíndricos de un concreto 

estándar de f’c=280kg/cm2, 27 testigos cilíndricos de un 

concreto de f’c=280kg/cm2 adicionado de mucilago de 

cactaceae columnar (con diferentes dosis), así como 

también 3 viguetas prismáticas de un concreto patrón de 

f’c=280kg/cm2 y 9 viguetas prismáticas de un concreto de 

f’c=280kg/cm2 con la incorporación de mucilago de 

cactaceae columnar (en distintos porcentajes). Igualmente 

12 muestras cilíndricas para ensayo de permeabilidad. 

Haciendo un total de 60 muestras. 

 

TÉCNICAS 

Observación directa, análisis de documentos, ensayos de 

probetas cilíndricas y viguetas con y sin adición de 

mucilago de cactaceae columnar 

 



 

 

 

 

 

 

 

 

 

Anexo No. 02: Operacionalización de 

variables 



 

 

 

VARIABLES DEFINICIÓN DIMENSIONES INDICADORES INSTRUMENTO 
ESCALA DE 

MEDICIÓN 

Variable 

independiente:  

Aditivo natural 

Mucilago de 

Cactaceae columnar. 

 

El mucilago es una 

sustancia viscosa 

resultado de la 

biotransformación de 

plantas de familia de 

las cactáceae. 

 

Porcentaje en peso del 

cemento del aditivo 

natural mucilago de 

Cactaceae  

- 1% 

- 2% 

- 3% 

 

Ficha de recolección 

de datos, Balanza 

electrónica. 

 

Razón. 

 

Variables 

dependientes: 

propiedades del 

concreto 

 

Las propiedades del 

concreto fresco son la 

trabajabilidad, las 

propiedades del 

concreto endurecido 

son la resistencia a la 

compresión, flexión y 

a la permeabilidad del 

concreto. 

 

Propiedades 

Físicas y Mecánicas 

del 

concreto 

 

Trabajabilidad, 

Resistencia a la 

compresión, 

resistencia a la flexión, 

permeabilidad del 

concreto. 

Ensayo de Cono de 

Abrahams, Ensayo de 

resistencia a la 

compresión, 

resistencia a la flexión 

y ensayo de 

permeabilidad. 

 

De razón. 

 

 



 

 

 

 

 

 

 

 

 

Anexo No. 03: Caracterización del 

Mucilago de Cactaceae 









OCÉANO PACÍFICO

Perú

Brasil

Bolivia

Ecuador Colombia

Chile

AZANGARO

LAMPA

HUANCANE

SAN ROMAN

SAN ANTONIO DE PUTINA

AZANGAROCHUPA

ISGUATA

CHOCCO CENTRAL

INCAYPATA CHOCCO

399600

399600

400000

400000

400400

400400

400800

400800

PUNO

CUSCO

MOQUEGUA

TACNA

AREQUIPA

MADRE DE DIOS

0 0.2 0.4 0.6 0.80.1
Km

PROYECTO:

PLANO

FECHA

UBICACIÓN DE PLANTA CACTACEAE COLUMNAR

Jun-22

UNIVERSIDAD NACIONAL DEL ALTIPLANO

EFECTOS DE LA ADICIÓN DE MUCÍLAGO DE Cactaceae COLUMNAR EN LAS 
PROPIEDADES MECÁNICAS DEL CONCRETO HIDRÁULICO PARA SU 

APLICACIÓN EN PAVIMENTOS RÍGIDOS EN LA CIUDAD DE JULIACA - 2022

FACULTAD DE INGENIERÍA CIVIL Y ARQUITECTURA
ESCUELA PROFESIONAL DE INGENIERÍA CIVIL

UBICACION NACIONAL UBICACION REGIONAL

UBICACION LOCAL

UBICACION DISTRITAL

LEYENDA

CENTRO POBLADO

RED VIAL REGIONAL

RED VIAL NACIONAL

RED VIAL VECINAL

ISLAS

LAGOS

Departamento Provincia Distrito Este (m) Norte (m)
Altitud 

(m.s.n.m.)
Puno Azángaro Chupa 399921 8322991 3840 0.60

Cantidad de plantas 
Cactaceae aprox. 

Area (ha)

UBICACIÓN
COORDENADAS UTM (Sistema WGS 

- 84)



 

 

 

 

 

 

 

 

 

Anexo No. 04: Ensayo de Agregados 



















 

 

 

 

 

 

 

 

 

Anexo No. 05: Diseño de mezcla 



























 

 

 

 

 

 

 

 

 

Anexo No. 06: Ensayo de control de 

concreto fresco 













 

 

 

 

 

 

 

 

 

Anexo No. 07: Resultados de resistencia a 

la compresión 





























 

 

 

 

 

 

 

 

 

Anexo No. 08: Resultados de resistencia a 

la flexión 













 

 

 

 

 

 

 

 

 

Anexo No. 09: Resultados de 

permeabilidad de concreto 





 

 

 

 

 

 

 

 

 

Anexo No. 10: Calculo de espesor de 

Pavimento Rígido 



Modificar datos: Cálculos automáticos Resultados

Cargas de tráfico vehicular impuestos al pavimento ESAL(W18) 1 143 334

CBR de la subrasante (%) CBR = 7.2 %

Resistencia del concreto (Kg/cm2) (F´c) 285.26

Módulo elástico del concreto (PSI) Ec 3630742.758

Resistencia media del concreto a flexo tracción a los 28 días(Kg/cm2) Mr 42.91

Modulo de reacción de la subrasante (Mpa/m) Ko 47.00

CBR mínimo de la subbase (%) TRUE CBR(subB.) = 40.0 %

CBR mínimo de la subbase - definido (%) CBR DEF. 50.0 %

Modulo de reacción de la subbase granular (Mpa/m) K1(subB.) = 140.00

Espesor de la subbase granular (cm) recomendado por la MTC h= 40.00

Tipo de tráfico Tipo: TP5

Indice de serviciabilidad Inicial según rango de tráfico Pi 4.3

Indice de serviciabilidad final según rango de tráfico Pt 2.5

Diferencial de serviciabilidad según rango de tráfico Δ PSI 1.8

Desviación estandar combinado So 0.35

Nivel de confiabilidad conf. 85.0 %

Coeficiente estadústico de desviación estandar normal ZR -1.036

Condiciones de drenaje cd 1.0

Coeficiente de transmisión de carga en las juntas

Espesor de pavimento de concreto en milímetros (mm) D= 189.53

DISEÑO DE PAVIMENTO RÍGIDO CONCRETO PATRON

Coeficiente de reacción combinado (Mpa) Kc 85.30

Concreto hidráulico sin pasadores
J 3.8

D-0

19 cm

Capa superficial (Losa de concreto)

D-1

40 cm

SubBase Granular

Calcular D

𝑙𝑜𝑔10(𝑊18) = 𝑍𝑅𝑆𝑂 + 7.35 𝑙𝑜𝑔10 𝐷 + 25.4 − 10.39 +
𝑙𝑜𝑔10

Δ𝑃𝑆𝐼
4.5 − 1.5

1 +
1.25𝑥1019

𝐷 + 25.4 8.46

+ 4.22 − 0.32𝑃𝑡 𝑥𝑙𝑜𝑔10
𝑀𝑟𝐶𝑑𝑥(0.09𝐷

0.75 − 1.132)

1.51𝑥𝐽 0.09𝐷0.75 −
7.38

𝐸𝑐/𝑘
0.25

𝐾𝑐= 1 +
ℎ

38

2

𝑥
𝐾1
𝐾0

2
3

0.5

𝑥 𝐾0

𝐸 = 57000𝑥(𝑓′𝑐)0.5 ; (𝑓𝑐 𝑒𝑛 𝑃𝑆𝐼)

𝑀𝑟 = 𝑎 𝑓′𝑐



Modificar datos: Cálculos automáticos Resultados

Cargas de tráfico vehicular impuestos al pavimento ESAL(W18) 1 143 334

CBR de la subrasante (%) CBR = 7.2 %

Resistencia del concreto (Kg/cm2) (F´c) 288.57

Módulo elástico del concreto (PSI) Ec 3651746.575

Resistencia media del concreto a flexo tracción a los 28 días(Kg/cm2) Mr 43.57

Modulo de reacción de la subrasante (Mpa/m) Ko 47.00

CBR mínimo de la subbase (%) TRUE CBR(subB.) = 40.0 %

CBR mínimo de la subbase - definido (%) CBR DEF. 50.0 %

Modulo de reacción de la subbase granular (Mpa/m) K1(subB.) = 140.00

Espesor de la subbase granular (cm) recomendado por la MTC h= 40.00

Tipo de tráfico Tipo: TP5

Indice de serviciabilidad Inicial según rango de tráfico Pi 4.3

Indice de serviciabilidad final según rango de tráfico Pt 2.5

Diferencial de serviciabilidad según rango de tráfico Δ PSI 1.8

Desviación estandar combinado So 0.35

Nivel de confiabilidad conf. 85.0 %

Coeficiente estadústico de desviación estandar normal ZR -1.036

Condiciones de drenaje cd 1.0

Coeficiente de transmisión de carga en las juntas

Espesor de pavimento de concreto en milímetros (mm) D= 187.64

DISEÑO DE PAVIMENTO RÍGIDO: CONCRETO PATRON+1%MC

Coeficiente de reacción combinado (Mpa) Kc 85.30

Concreto hidráulico sin pasadores
J 3.8

D-0

19 cm

Capa superficial (Losa de concreto)

D-1

40 cm

SubBase Granular

Calcular D

𝑙𝑜𝑔10(𝑊18) = 𝑍𝑅𝑆𝑂 + 7.35 𝑙𝑜𝑔10 𝐷 + 25.4 − 10.39 +
𝑙𝑜𝑔10

Δ𝑃𝑆𝐼
4.5 − 1.5

1 +
1.25𝑥1019

𝐷 + 25.4 8.46

+ 4.22 − 0.32𝑃𝑡 𝑥𝑙𝑜𝑔10
𝑀𝑟𝐶𝑑𝑥(0.09𝐷

0.75 − 1.132)

1.51𝑥𝐽 0.09𝐷0.75 −
7.38

𝐸𝑐/𝑘
0.25

𝐾𝑐= 1 +
ℎ

38

2

𝑥
𝐾1
𝐾0

2
3

0.5

𝑥 𝐾0

𝐸 = 57000𝑥(𝑓′𝑐)0.5 ; (𝑓𝑐 𝑒𝑛 𝑃𝑆𝐼)

𝑀𝑟 = 𝑎 𝑓′𝑐



Modificar datos: Cálculos automáticos Resultados

Cargas de tráfico vehicular impuestos al pavimento ESAL(W18) 1 143 334

CBR de la subrasante (%) CBR = 7.2 %

Resistencia del concreto (Kg/cm2) (F´c) 293.08

Módulo elástico del concreto (PSI) Ec 3680172.132

Resistencia media del concreto a flexo tracción a los 28 días(Kg/cm2) Mr 44.19

Modulo de reacción de la subrasante (Mpa/m) Ko 47.00

CBR mínimo de la subbase (%) TRUE CBR(subB.) = 40.0 %

CBR mínimo de la subbase - definido (%) CBR DEF. 50.0 %

Modulo de reacción de la subbase granular (Mpa/m) K1(subB.) = 140.00

Espesor de la subbase granular (cm) recomendado por la MTC h= 40.00

Tipo de tráfico Tipo: TP5

Indice de serviciabilidad Inicial según rango de tráfico Pi 4.3

Indice de serviciabilidad final según rango de tráfico Pt 2.5

Diferencial de serviciabilidad según rango de tráfico Δ PSI 1.8

Desviación estandar combinado So 0.35

Nivel de confiabilidad conf. 85.0 %

Coeficiente estadústico de desviación estandar normal ZR -1.036

Condiciones de drenaje cd 1.0

Coeficiente de transmisión de carga en las juntas

Espesor de pavimento de concreto en milímetros (mm) D= 186.09

DISEÑO DE PAVIMENTO RÍGIDO: CONCRETO PATRON+2%MC

Coeficiente de reacción combinado (Mpa) Kc 85.30

Concreto hidráulico sin pasadores
J 3.8

D-0

19 cm

Capa superficial (Losa de concreto)

D-1

40 cm

SubBase Granular

Calcular D

𝑙𝑜𝑔10(𝑊18) = 𝑍𝑅𝑆𝑂 + 7.35 𝑙𝑜𝑔10 𝐷 + 25.4 − 10.39 +
𝑙𝑜𝑔10

Δ𝑃𝑆𝐼
4.5 − 1.5

1 +
1.25𝑥1019

𝐷 + 25.4 8.46

+ 4.22 − 0.32𝑃𝑡 𝑥𝑙𝑜𝑔10
𝑀𝑟𝐶𝑑𝑥(0.09𝐷

0.75 − 1.132)

1.51𝑥𝐽 0.09𝐷0.75 −
7.38

𝐸𝑐/𝑘
0.25

𝐾𝑐= 1 +
ℎ

38

2

𝑥
𝐾1
𝐾0

2
3

0.5

𝑥 𝐾0

𝐸 = 57000𝑥(𝑓′𝑐)0.5 ; (𝑓𝑐 𝑒𝑛 𝑃𝑆𝐼)

𝑀𝑟 = 𝑎 𝑓′𝑐



Modificar datos: Cálculos automáticos Resultados

Cargas de tráfico vehicular impuestos al pavimento ESAL(W18) 1 143 334

CBR de la subrasante (%) CBR = 7.2 %

Resistencia del concreto (Kg/cm2) (F´c) 292.82

Módulo elástico del concreto (PSI) Ec 3678539.374

Resistencia media del concreto a flexo tracción a los 28 días(Kg/cm2) Mr 44.89

Modulo de reacción de la subrasante (Mpa/m) Ko 47.00

CBR mínimo de la subbase (%) TRUE CBR(subB.) = 40.0 %

CBR mínimo de la subbase - definido (%) CBR DEF. 50.0 %

Modulo de reacción de la subbase granular (Mpa/m) K1(subB.) = 140.00

Espesor de la subbase granular (cm) recomendado por la MTC h= 40.00

Tipo de tráfico Tipo: TP5

Indice de serviciabilidad Inicial según rango de tráfico Pi 4.3

Indice de serviciabilidad final según rango de tráfico Pt 2.5

Diferencial de serviciabilidad según rango de tráfico Δ PSI 1.8

Desviación estandar combinado So 0.35

Nivel de confiabilidad conf. 85.0 %

Coeficiente estadústico de desviación estandar normal ZR -1.036

Condiciones de drenaje cd 1.0

Coeficiente de transmisión de carga en las juntas

Espesor de pavimento de concreto en milímetros (mm) D= 184.10

DISEÑO DE PAVIMENTO RÍGIDO: CONCRETO PATRON+3%MC

Coeficiente de reacción combinado (Mpa) Kc 85.30

Concreto hidráulico sin pasadores
J 3.8

D-0

18 cm

Capa superficial (Losa de concreto)

D-1

40 cm

SubBase Granular

Calcular D

𝑙𝑜𝑔10(𝑊18) = 𝑍𝑅𝑆𝑂 + 7.35 𝑙𝑜𝑔10 𝐷 + 25.4 − 10.39 +
𝑙𝑜𝑔10

Δ𝑃𝑆𝐼
4.5 − 1.5

1 +
1.25𝑥1019

𝐷 + 25.4 8.46

+ 4.22 − 0.32𝑃𝑡 𝑥𝑙𝑜𝑔10
𝑀𝑟𝐶𝑑𝑥(0.09𝐷

0.75 − 1.132)

1.51𝑥𝐽 0.09𝐷0.75 −
7.38

𝐸𝑐/𝑘
0.25

𝐾𝑐= 1 +
ℎ

38

2

𝑥
𝐾1
𝐾0

2
3

0.5

𝑥 𝐾0

𝐸 = 57000𝑥(𝑓′𝑐)0.5 ; (𝑓𝑐 𝑒𝑛 𝑃𝑆𝐼)

𝑀𝑟 = 𝑎 𝑓′𝑐



 

 

 

 

 

 

 

 

 

Anexo No. 11: Normativas ASTM 



Designation: C136/C136M − 19

Standard Test Method for
Sieve Analysis of Fine and Coarse Aggregates1

This standard is issued under the fixed designation C136/C136M; the number immediately following the designation indicates the year
of original adoption 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.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope*

1.1 This test method covers the determination of the particle
size distribution of fine and coarse aggregates by sieving.

1.2 Some specifications for aggregates which reference this
test method contain grading requirements including both
coarse and fine fractions. Instructions are included for sieve
analysis of such aggregates.

1.3 Units—The values stated in either SI units or inch-
pound units are to be regarded separately as standard. The
values stated in each system may not be exact equivalents;
therefore, each system shall be used independently of the other.
Combining values from the two systems may result in non-
conformance with the standard.

NOTE 1—Sieve size is identified by its standard designation in Speci-
fication E11. The alternative designation given in parentheses is for
information only and does not represent a different standard sieve size.
Specification E11 cites the following with respect to SI units versus
inch-pound units as standard. “The values stated in SI units shall be
considered standard for the dimensions of the sieve cloth openings and the
wire diameters used in the sieve cloth. The values stated in inch-pound
units shall be considered standard with regard to the sieve frames, pans,”
and covers.

1.4 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, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.5 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

C117 Test Method for Materials Finer than 75-µm (No. 200)
Sieve in Mineral Aggregates by Washing

C125 Terminology Relating to Concrete and Concrete Ag-
gregates

C637 Specification for Aggregates for Radiation-Shielding
Concrete

C670 Practice for Preparing Precision and Bias Statements
for Test Methods for Construction Materials

C702 Practice for Reducing Samples of Aggregate to Testing
Size

D75 Practice for Sampling Aggregates
E11 Specification for Woven Wire Test Sieve Cloth and Test

Sieves
2.2 AASHTO Standard:
AASHTO No. T 27 Sieve Analysis of Fine and Coarse

Aggregates3

3. Terminology

3.1 Definitions—For definitions of terms used in this
standard, refer to Terminology C125.

4. Summary of Test Method

4.1 A sample of dry aggregate of known mass is separated
through a series of sieves of progressively smaller openings for
determination of particle size distribution.

5. Significance and Use

5.1 This test method is used primarily to determine the
grading of materials proposed for use as aggregates or being
used as aggregates. The results are used to determine compli-
ance of the particle size distribution with applicable specifica-
tion requirements and to provide necessary data for control of

1 This test method is under the jurisdiction of ASTM Committee C09 on
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee
C09.20 on Aggregates.

Current edition approved Dec. 1, 2019. Published January 2020. Originally
approved in 1938. Last previous edition approved in 2014 as C136 – 14. DOI:
10.1520/C0136_C0136M-19.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American Association of State Highway and Transportation
Officials, 444 North Capitol St. N.W., Suite 225, Washington, DC 20001.

*A Summary of Changes section appears at the end of this standard

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.
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the production of various aggregate products and mixtures
containing aggregates. The data may also be useful in devel-
oping relationships concerning porosity and packing.

5.2 Accurate determination of material finer than the 75-µm
(No. 200) sieve cannot be achieved by use of this test method
alone. Use Test Method C117 for determination of material
finer than the 75-µm (No. 200) sieve by washing.

5.3 Refer to methods of sampling and testing in Specifica-
tion C637 for heavyweight aggregates.

6. Apparatus

6.1 Balances—Balances or scales used in testing fine and
coarse aggregate shall have readability and accuracy as fol-
lows:

6.1.1 For fine aggregate, readable to 0.1 g and accurate to
0.1 g or 0.1 % of the test load, whichever is greater, at any
point within the range of use.

6.1.2 For coarse aggregate, or mixtures of fine and coarse
aggregate, readable and accurate to 0.5 g or 0.1 % of the test
load, whichever is greater, at any point within the range of use.

6.2 Sieves—The sieve cloth shall be mounted on substantial
frames constructed in a manner that will prevent loss of
material during sieving. The sieve cloth and standard sieve
frames shall conform to the requirements of Specification E11.
Nonstandard sieve frames shall conform to the requirements of
Specification E11 as applicable.

NOTE 2—It is recommended that sieves mounted in frames larger than
standard 203.2-mm [8 in.] diameter be used for testing coarse aggregate to
reduce the possibility of overloading the sieves. See 8.3.

6.3 Mechanical Sieve Shaker—A mechanical sieving
device, if used, shall create motion of the sieves to cause the
particles to bounce, tumble, or otherwise turn so as to present
different orientations to the sieving surface. The sieving action
shall be such that the criterion for adequacy of sieving
described in 8.4 is met in a reasonable time period.

NOTE 3—Use of a mechanical sieve shaker is recommended when the
size of the sample is 20 kg or greater, and may be used for smaller
samples, including fine aggregate. Excessive time (more than approxi-
mately 10 min) to achieve adequate sieving may result in degradation of
the sample. The same mechanical sieve shaker may not be practical for all
sizes of samples, since the large sieving area needed for practical sieving
of a large nominal size coarse aggregate very likely could result in loss of
a portion of the sample if used for a small sample of coarse aggregate or
fine aggregate.

6.4 Oven—An oven of appropriate size capable of maintain-
ing a uniform temperature of 110 6 5 °C [230 6 10 °F].

7. Sampling

7.1 Sample the aggregate in accordance with Practice D75.
The size of the field sample shall be the quantity shown in
Practice D75 or four times the quantity required in 7.4 and 7.5
(except as modified in 7.6), whichever is greater.

7.2 Thoroughly mix the sample and reduce it to an amount
suitable for testing using the applicable procedures described in
Practice C702. The sample for test shall be approximately the
quantity desired when dry and shall be the end result of the
reduction. Reduction to an exact predetermined quantity shall
not be permitted.

NOTE 4—Where sieve analysis, including determination of material
finer than the 75-µm sieve, is the only testing proposed, the size of the
sample may be reduced in the field to avoid shipping excessive quantities
of extra material to the laboratory.

7.3 Fine Aggregate—The size of the test sample, after
drying, shall be 300 g minimum.

7.4 Coarse Aggregate—The size of the test sample of coarse
aggregate shall conform with the following:

Nominal Maximum Size,
Square Openings, mm (in.)

Test Sample Size,
min, kg [lb]

9.5 (3⁄8) 1 [2]
12.5 (1⁄2) 2 [4]
19.0 (3⁄4) 5 [11]
25.0 (1) 10 [22]
37.5 (11⁄2) 15 [33]
50 (2) 20 [44]
63 (21⁄2) 35 [77]
75 (3) 60 [130]
90 (31⁄2) 100 [220]

100 (4) 150 [330]
125 (5) 300 [660]

7.5 Coarse and Fine Aggregate Mixtures—The size of the
test sample of coarse and fine aggregate mixtures shall be the
same as for coarse aggregate in 7.4.

7.6 Samples of Large Size Coarse Aggregate—The size of
sample required for aggregate with 50-mm [2-in.] nominal
maximum size or larger is such as to preclude convenient
sample reduction and testing as a unit except with large
mechanical splitters and sieve shakers. As an option when such
equipment is not available, instead of combining and mixing
sample increments and then reducing the field sample to testing
size, conduct the sieve analysis on a number of approximately
equal sample increments such that the total mass tested
conforms to the requirement of 7.4.

7.7 In the event that the amount of material finer than the
75-µm (No. 200) sieve is to be determined by Test Method
C117, proceed as follows:

7.7.1 For aggregates with a nominal maximum size of 12.5
mm [1⁄2 in.] or less, use the same test sample for testing by Test
Method C117 and this test method. First test the sample in
accordance with Test Method C117 through the final drying
operation, then dry sieve the sample as stipulated in 8.2 – 8.7
of this test method.

7.7.2 For aggregates with a nominal maximum size greater
than 12.5 mm [1⁄2 in.], use a single test sample as described in
7.7.1, or optionally use separate test samples for Test Method
C117 and this test method.

7.7.3 Where the specifications require determination of the
total amount of material finer than the 75-µm sieve by washing
and dry sieving, use the procedure described in 7.7.1.

8. Procedure

8.1 Dry the sample to constant mass at a temperature of 110
6 5 °C [230 6 10 °F].

NOTE 5—For control purposes, particularly where rapid results are
desired, it is generally not necessary to dry coarse aggregate for the sieve
analysis test. The results are little affected by the moisture content unless:
(1) the nominal maximum size is smaller than about 12.5 mm (1⁄2 in.); (2)
the coarse aggregate contains appreciable material finer than 4.75 mm
(No. 4); or (3) the coarse aggregate is highly absorptive (a lightweight
aggregate, for example). Also, samples may be dried at the higher
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temperatures associated with the use of hot plates without affecting
results, provided steam escapes without generating pressures sufficient to
fracture the particles, and temperatures are not so great as to cause
chemical breakdown of the aggregate.

8.2 Select sieves with suitable openings to furnish the
information required by the specifications covering the mate-
rial to be tested. Use additional sieves as desired or necessary
to provide other information, such as fineness modulus, or to
regulate the amount of material on a sieve. Nest the sieves in
order of decreasing size of opening from top to bottom and
place the sample on the top sieve. Agitate the sieves by hand or
by mechanical apparatus for a sufficient period, established by
trial or checked by measurement on the actual test sample, to
meet the criterion for adequacy or sieving described in 8.4.

8.3 Limit the quantity of material on a given sieve so that all
particles have opportunity to reach sieve openings a number of
times during the sieving operation. For sieves with openings
smaller than 4.75-mm (No. 4), the quantity retained on any
sieve at the completion of the sieving operation shall not
exceed 7 kg/m2 of sieving surface area (Note 6). For sieves
with openings 4.75 mm (No. 4) and larger, the quantity
retained in kg shall not exceed the product of 2.5 × (sieve
opening, mm × (effective sieving area, m2)). This quantity is
shown in Table 1 for five sieve-frame dimensions in common
use. In no case shall the quantity retained be so great as to
cause permanent deformation of the sieve cloth.

8.3.1 Prevent an overload of material on an individual sieve
by one of the following methods:

8.3.1.1 Insert an additional sieve with opening size interme-
diate between the sieve that may be overloaded and the sieve
immediately above that sieve in the original set of sieves.

8.3.1.2 Split the sample into two or more portions, sieving
each portion individually. Combine the masses of the several
portions retained on a specific sieve before calculating the
percentage of the sample on the sieve.

8.3.1.3 Use sieves having a larger frame size and providing
greater sieving area.

NOTE 6—The 7 kg/m2 amounts to 200 g for the usual 203-mm [8-in.]
diameter sieve (with effective sieving surface diameter of 190.5 mm [7.5
in.].

8.4 Continue sieving for a sufficient period and in such
manner that, after completion, not more than 1 % by mass of
the material retained on any individual sieve will pass that
sieve during 1 min of continuous hand sieving performed as
follows: Hold the individual sieve, provided with a snug-fitting
pan and cover, in a slightly inclined position in one hand.
Strike the side of the sieve sharply and with an upward motion
against the heel of the other hand at the rate of about 150 times
per minute, turn the sieve about one sixth of a revolution at
intervals of about 25 strokes. In determining sufficiency of
sieving for sizes larger than the 4.75-mm (No. 4) sieve, limit
the material on the sieve to a single layer of particles. If the size
of the mounted testing sieves makes the described sieving
motion impractical, use 203-mm [8 in.] diameter sieves to
verify the sufficiency of sieving.

8.5 In the case of coarse and fine aggregate mixtures, refer
to 8.3.1 to prevent overloading of individual sieves.

8.5.1 Optionally, reduce the portion finer than the 4.75-mm
(No. 4) sieve using a mechanical splitter according to Practice
C702. If this procedure is followed, compute the mass of each
size increment of the original sample as follows:

A 5
W1

W2

3 B (1)

where:
A = mass of size increment on total sample basis,
W1 = mass of fraction finer than 4.75-mm (No. 4) sieve in

total sample,
W 2 = mass of reduced portion of material finer than

4.75-mm (No. 4) sieve actually sieved, and
B = mass of size increment in reduced portion sieved.

8.6 Unless a mechanical sieve shaker is used, hand sieve
particles larger than 75 mm [3 in.] by determining the smallest

TABLE 1 Maximum Allowable Quantity of Material Retained on a Sieve, kg [lb]

Sieve
Opening
Size, mm

Nominal Dimensions of SieveA

[8-in.]
diameterB

[10-in.]
diameterB

[12-in.]
diameterB

[14-in. by
14-in.]

[14.5-in. by
23-in.]

Sieving Area, m2 [ft2]

0.0285 [0.3] 0.0457 [0.5] 0.0670 [0.7] 0.1225 [1.3] 0.2158 [2.3]

125 C C C C 67.4 [1481⁄2 ]
100 C C C 30.6 [671⁄2 ] 53.9 [1183⁄4 ]
90 C C 15.1 [331⁄4 ] 27.6 [603⁄4 ] 48.5 [1063⁄4 ]
75 C 8.6 [19] 12.6 [273⁄4 ] 23.0 [503⁄4 ] 40.5 [891⁄4 ]
63 C 7.2 [153⁄4 ] 10.6 [231⁄4 ] 19.3 [421⁄2 ] 34.0 [75]
50 3.6 [8] 5.7 [13] 8.4 [181⁄2 ] 15.3 [333⁄4 ] 27.0 [591⁄2 ]
37.5 2.7 [6] 4.3 [91⁄2 ] 6.3 [133⁄4 ] 11.5 [251⁄4 ] 20.2 [441⁄2 ]
25.0 1.8 [4] 2.9 [61⁄2 ] 4.2 [91⁄4 ] 7.7 [17] 13.5 [293⁄4 ]
19.0 1.4 [31⁄2 ] 2.2 [43⁄4 ] 3.2 [71⁄2 ] 5.8 [123⁄4 ] 10.2 [221⁄2 ]
12.5 0.89 [2] 1.4 [3] 2.1 [43⁄4 ] 3.8 [81⁄4 ] 6.7 [143⁄4 ]
9.5 0.67 [11⁄2 ] 1.1 [21⁄2 ] 1.6 [31⁄2 ] 2.9 [61⁄4 ] 5.1 [111⁄4 ]
4.75 0.33 [3⁄4 ] 0.54 [11⁄4 ] 0.80 [13⁄4 ] 1.5 [31⁄4 ] 2.6 [53⁄4 ]

A Sieve frame dimensions in inch units: 8.0-in. diameter; 10.0-in. diameter, 12.0-in. diameter; 13.8 by 13.8 in. (14 by 14 in. nominal); 14.6 by 22.8 in. (16 by 24 in. nominal).
BThe sieve area for round sieve frames is based on an effective diameter 12.5 mm [1⁄2 in.] less than the nominal frame diameter, because Specification E11 permits the
sealer between the sieve cloth and the frame to extend 6.5 mm [1⁄4 in.] over the sieve cloth. Thus the effective sieving diameter for a 203-mm [8.0-in.] diameter sieve frame
is 190.5 mm [7.5 in.]. Sieves produced by some manufacturers do not infringe on the sieve cloth by the full 6.5 mm [1⁄4 in.].
C Sieves indicated have less than five full openings. Do not use for sieve testing except as provided in 8.6.
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sieve opening through which each particle will pass. Start the
test on the smallest sieve to be used. Rotate the particles, if
necessary, in order to determine whether they will pass through
a particular opening; however, do not force particles to pass
through an opening.

8.7 Determine the mass of each size increment on a scale or
balance conforming to the requirements specified in 5.1 to the
nearest 0.1 % of the total original dry sample mass. Compare
the total mass of the material after sieving to the original dry
sample mass placed on the sieves. If the amounts differ by
more than 0.3 %, based on the original dry sample mass, do not
use the results for acceptance purposes.

8.8 If the sample has previously been tested by Test Method
C117, add the mass finer than the 75-µm (No. 200) sieve
determined by that test method to the mass passing the 75-µm
(No. 200) sieve by dry sieving of the same sample in this test
method.

9. Calculation

9.1 Calculate percentages passing, total percentages
retained, or percentages in various size fractions to the nearest
0.1 % on the basis of the total mass of the initial dry sample. If
the same test sample was first tested by Test Method C117,
include the mass of material finer than the 75-µm (No. 200)
size by washing in the sieve analysis calculation; and use the
total dry sample mass prior to washing in Test Method C117 as
the basis for calculating all the percentages.

9.1.1 When sample increments are tested as provided in 7.6,
total the masses of the portion of the increments retained on
each sieve, and use these masses to calculate the percentages as
in 9.1.

9.2 Calculate the fineness modulus, when required, by
adding the total percentages of material in the sample that is
coarser than each of the following sieves (cumulative percent-
ages retained), and dividing the sum by 100: 150-µm (No.
100), 300-µm (No. 50), 600-µm (No. 30), 1.18-mm (No. 16),
2.36-mm (No. 8), 4.75-mm (No. 4), 9.5-mm (3⁄8-in.), 19.0-mm
(3⁄4-in.), 37.5-mm (11⁄2-in.), and larger, increasing in the ratio of
2 to 1.

10. Report

10.1 Depending upon the form of the specifications for use
of the material under test, the report shall include the follow-
ing:

10.1.1 Total percentage of material passing each sieve, or
10.1.2 Total percentage of material retained on each sieve,

or
10.1.3 Percentage of material retained between consecutive

sieves.

10.2 Report percentages to the nearest whole number, ex-
cept if the percentage passing the 75-µm (No. 200) sieve is less
than 10 %, it shall be reported to the nearest 0.1 %.

10.3 Report the fineness modulus, when required, to the
nearest 0.01.

11. Precision and Bias

11.1 Precision—The estimates of precision for this test
method are listed in Table 2. The estimates are based on the

results from the AASHTO Materials Reference Laboratory
Proficiency Sample Program, with testing conducted by Test
Method C136 and AASHTO No. T 27. The data are based on
the analyses of the test results from 65 to 233 laboratories that
tested 18 pairs of coarse aggregate proficiency test samples and
test results from 74 to 222 laboratories that tested 17 pairs of
fine aggregate proficiency test samples (Samples No. 21
through 90). The values in the table are given for different
ranges of total percentage of aggregate passing a sieve.

11.1.1 The precision values for fine aggregate in Table 2 are
based on nominal 500-g test samples. Revision of this test
method in 1994 permits the fine aggregate test sample size to
be 300 g minimum. Analysis of results of testing of 300-g and
500-g test samples from Aggregate Proficiency Test Samples
99 and 100 (Samples 99 and 100 were essentially identical)
produced the precision values in Table 3, which indicate only
minor differences due to test sample size.

NOTE 7—The values for fine aggregate in Table 2 will be revised to
reflect the 300-g test sample size when a sufficient number of Aggregate
Proficiency Tests have been conducted using that sample size to provide
reliable data.

TABLE 2 Precision

Total Percentage of
Material Passing

Standard
Deviation (1s),

%A

Acceptable
Range of Two
Results (d2s),

%A

Coarse Aggregate:B

Single-operator <100 $95 0.32 0.9
precision <95 $85 0.81 2.3

<85 $80 1.34 3.8
<80 $60 2.25 6.4
<60 $20 1.32 3.7
<20 $15 0.96 2.7
<15 $10 1.00 2.8
<10 $5 0.75 2.1
<5 $2 0.53 1.5
<2 >0 0.27 0.8

Multilaboratory <100 $95 0.35 1.0
precision <95 $85 1.37 3.9

<85 $80 1.92 5.4
<80 $60 2.82 8.0
<60 $20 1.97 5.6
<20 $15 1.60 4.5
<15 $10 1.48 4.2
<10 $5 1.22 3.4
<5 $2 1.04 3.0
<2 >0 0.45 1.3

Fine Aggregate:
Single-operator <100 $95 0.26 0.7

precision <95 $60 0.55 1.6
<60 $20 0.83 2.4
<20 $15 0.54 1.5
<15 $10 0.36 1.0
<10 $2 0.37 1.1
<2 >0 0.14 0.4

Multilaboratory <100 $95 0.23 0.6
precision <95 $60 0.77 2.2

<60 $20 1.41 4.0
<20 $15 1.10 3.1
<15 $10 0.73 2.1
<10 $2 0.65 1.8
<2 >0 0.31 0.9

A These numbers represent, respectively, the (1s) and (d2s) limits described in
Practice C670.
B The precision estimates are based on aggregates with nominal maximum size of
19.0 mm (3⁄4 in.).
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11.2 Bias—Since there is no accepted reference material
suitable for determining the bias in this test method, no
statement on bias is made.

12. Keywords

12.1 aggregate; coarse aggregate; fine aggregate; gradation;
grading; sieve analysis; size analysis

SUMMARY OF CHANGES

Committee C09 has identified the location of selected changes to this test method since the last issue,
C136 – 14, that may impact the use of this test method. (Approved Dec. 1, 2019)

(1) Revised 5.2, Footnote C of Table 1, and 8.7.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/

TABLE 3 Precision Data for 300-g and 500-g Test Samples

Fine Aggregate Proficiency Sample Within Laboratory Between Laboratory

Test Result Sample Size Number Labs Average 1s d2s 1s d2s

Test Method C136/AASHTO No. T 27
Total material passing the 4.75-mm No. 4 sieve (%) 500 g 285 99.992 0.027 0.066 0.037 0.104

300 g 276 99.990 0.021 0.060 0.042 0.117

Total material passing the 2.36-mm No. 8 sieve (%) 500 g 281 84.10 0.43 1.21 0.63 1.76
300 g 274 84.32 0.39 1.09 0.69 1.92

Total material passing the 1.18-mm No. 16 sieve (%) 500 g 286 70.11 0.53 1.49 0.75 2.10
300 g 272 70.00 0.62 1.74 0.76 2.12

Total material passing the 600 µm No. 30 sieve (%) 500 g 287 48.54 0.75 2.10 1.33 3.73
300 g 276 48.44 0.87 2.44 1.36 3.79

Total material passing the 300 µm No. 50 sieve (%) 500 g 286 13.52 0.42 1.17 0.98 2.73
300 g 275 13.51 0.45 1.25 0.99 2.76

Total material passing the 150 µm No. 100 sieve (%) 500 g 287 2.55 0.15 0.42 0.37 1.03
300 g 270 2.52 0.18 0.52 0.32 0.89

Total material passing the 75 µm No. 200 sieve (%) 500 g 278 1.32 0.11 0.32 0.31 0.85
300 g 266 1.30 0.14 0.39 0.31 0.85
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Designation: C127 − 15

Standard Test Method for
Relative Density (Specific Gravity) and Absorption of Coarse
Aggregate1

This standard is issued under the fixed designation C127; the number immediately following the designation indicates the year of
original adoption 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.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope

1.1 This test method covers the determination of relative
density (specific gravity) and the absorption of coarse aggre-
gates. The relative density (specific gravity), a dimensionless
quantity, is expressed as oven-dry (OD), saturated-surface-dry
(SSD), or as apparent relative density (apparent specific
gravity). The OD relative density is determined after drying the
aggregate. The SSD relative density and absorption are deter-
mined after soaking the aggregate in water for a prescribed
duration.

1.2 This test method is not intended to be used with
lightweight aggregates that comply with Specification C332
Group I aggregates.

1.3 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.4 The text of this test method references notes and
footnotes that provide explanatory material. These notes and
footnotes (excluding those in tables and figures) shall not be
considered as requirements of this test method.

1.5 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:2

C29/C29M Test Method for Bulk Density (“Unit Weight”)
and Voids in Aggregate

C125 Terminology Relating to Concrete and Concrete Ag-
gregates

C128 Test Method for Relative Density (Specific Gravity)
and Absorption of Fine Aggregate

C136 Test Method for Sieve Analysis of Fine and Coarse
Aggregates

C330 Specification for Lightweight Aggregates for Struc-
tural Concrete

C332 Specification for Lightweight Aggregates for Insulat-
ing Concrete

C566 Test Method for Total Evaporable Moisture Content of
Aggregate by Drying

C670 Practice for Preparing Precision and Bias Statements
for Test Methods for Construction Materials

C702 Practice for Reducing Samples of Aggregate to Testing
Size

D75 Practice for Sampling Aggregates
D448 Classification for Sizes of Aggregate for Road and

Bridge Construction
E11 Specification for Woven Wire Test Sieve Cloth and Test

Sieves

2.2 AASHTO Standard:
AASHTO T 85 Specific Gravity and Absorption of Coarse

Aggregate3

3. Terminology

3.1 For definition of terms used in this standard, refer to
Terminology C125.

4. Summary of Test Method

4.1 A sample of aggregate is immersed in water for 24 6 4
h to essentially fill the pores. It is then removed from the water,
the water dried from the surface of the particles, and the mass
determined. Subsequently, the volume of the sample is deter-
mined by the displacement of water method. Finally, the
sample is oven-dried and the mass determined. Using the mass

1 This test method is under the jurisdiction of ASTM Committee C09 on
Concrete and Concrete Aggregatesand is the direct responsibility of Subcommittee
C09.20 on Normal Weight Aggregates.

Current edition approved Jan. 1, 2015. Published March 2015. Originally
approved in 1936. Last previous edition approved in 2012 as C127–12. DOI:
10.1520/C0127-15.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 Available from American Association of State Highway and Transportation
Officials (AASHTO), 444 N. Capitol St., NW, Suite 249, Washington, DC 20001,
http://www.transportation.org.
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values thus obtained and formulas in this test method, it is
possible to calculate relative density (specific gravity) and
absorption.

5. Significance and Use

5.1 Relative density (specific gravity) is the ratio of mass of
an aggregate to the mass of a volume of water equal to the
volume of the aggregate particles – also referred to as the
absolute volume of the aggregate. It is also expressed as the
ratio of the density of the aggregate particles to the density of
water. Distinction is made between the density of aggregate
particles and the bulk density of aggregates as determined by
Test Method C29/C29M, which includes the volume of voids
between the particles of aggregates.

5.2 Relative density is used to calculate the volume occu-
pied by the aggregate in various mixtures containing aggregate,
including hydraulic cement concrete, bituminous concrete, and
other mixtures that are proportioned or analyzed on an absolute
volume basis. Relative density (specific gravity) is also used in
the computation of voids in aggregate in Test Method C29/
C29M. Relative density (specific gravity) (SSD) is used if the
aggregate is in a saturated-surface-dry condition, that is, if its
absorption has been satisfied. Alternatively, the relative density
(specific gravity) (OD) is used for computations when the
aggregate is dry or assumed to be dry.

5.3 Apparent relative density (specific gravity) pertain to the
solid material making up the constituent particles not including
the pore space within the particles that is accessible to water.

5.4 Absorption values are used to calculate the change in the
mass of an aggregate due to water absorbed in the pore spaces
within the constituent particles, compared to the dry condition,
when it is deemed that the aggregate has been in contact with
water long enough to satisfy most of the absorption potential.
The laboratory standard for absorption is that obtained after
submerging dry aggregate for a prescribed period of time.
Aggregates mined from below the water table commonly have
a moisture content greater than the absorption determined by
this test method, if used without opportunity to dry prior to use.
Conversely, some aggregates that have not been continuously
maintained in a moist condition until used are likely to contain
an amount of absorbed moisture less than the 24-h soaked
condition. For an aggregate that has been in contact with water
and that has free moisture on the particle surfaces, the
percentage of free moisture is determined by deducting the
absorption from the total moisture content determined by Test
Method C566.

5.5 The general procedures described in this test method are
suitable for determining the absorption of aggregates that have
had conditioning other than the 24-h soak, such as boiling
water or vacuum saturation. The values obtained for absorption
by other test methods will be different than the values obtained
by the prescribed soaking, as will the relative density (specific
gravity) (SSD).

6. Apparatus

6.1 Balance—A device for determining mass that is
sensitive, readable, and accurate to 0.05 % of the sample mass

at any point within the range used for this test, or 0.5 g,
whichever is greater. The balance shall be equipped with
suitable apparatus for suspending the sample container in water
from the center of the platform or pan of the balance.

6.2 Sample Container—A wire basket of 3.35 mm (No. 6) or
finer mesh, or a bucket of approximately equal breadth and
height, with a capacity of 4 to 7 L for 37.5-mm (11⁄2-in.)
nominal maximum size aggregate or smaller, and a larger
container as needed for testing larger maximum size aggregate.
The container shall be constructed so as to prevent trapping air
when the container is submerged.

6.3 Water Tank—A watertight tank into which the sample
container is placed while suspended below the balance.

6.4 Sieves—A 4.75-mm (No. 4) sieve or other sizes as
needed (see 7.2 – 7.4), conforming to Specification E11.

6.5 Oven—An oven of sufficient size, capable of maintain-
ing a uniform temperature of 110 6 5 °C (230 6 9 °F).

7. Sampling

7.1 Sample the aggregate in accordance with Practice D75.

7.2 Thoroughly mix the sample of aggregate and reduce it to
the approximate quantity needed using the applicable proce-
dures in Practice C702. Reject all material passing a 4.75-mm
(No. 4) sieve by dry sieving and thoroughly washing to remove
dust or other coatings from the surface. If the coarse aggregate
contains a substantial quantity of material finer than the
4.75-mm sieve (such as for Size No. 8 and 9 aggregates in
Classification D448), use the 2.36-mm (No. 8) sieve in place of
the 4.75-mm sieve. Alternatively, separate the material finer
than the 4.75-mm sieve and test the finer material according to
Test Method C128.

NOTE 1—If aggregates smaller than 4.75 mm (No. 4) are used in the
sample, check to ensure that the size of the openings in the sample
container is smaller than the minimum size aggregate.

7.3 The minimum mass of test sample to be used is given as
follows. Testing the coarse aggregate in several size fractions is
permitted. If the sample contains more than 15 % retained on
the 37.5-mm (11⁄2-in.) sieve, test the material larger than 37.5
mm in one or more size fractions separately from the smaller
size fractions. When an aggregate is tested in separate size
fractions, the minimum mass of test sample for each fraction
shall be the difference between the masses prescribed for the
maximum and minimum sizes of the fraction.

Nominal Maximum Size,
mm (in.)

Minimum Mass of Test
Sample, kg (lb)

12.5 (1⁄2 ) or less 2 (4.4)
19.0 (3⁄4 ) 3 (6.6)
25.0 (1) 4 (8.8)
37.5 (11⁄2 ) 5 (11)
50 (2) 8 (18)
63 (21⁄2 ) 12 (26)
75 (3) 18 (40)
90 (31⁄2 ) 25 (55)
100 (4) 40 (88)
125 (5) 75 (165)

7.4 If the sample is tested in two or more size fractions,
determine the grading of the sample in accordance with Test
Method C136, including the sieves used for separating the size
fractions for the determinations in this method. In calculating
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the percentage of material in each size fraction, ignore the
quantity of material finer than the 4.75-mm (No. 4) sieve (or
2.36-mm (No. 8) sieve when that sieve is used in accordance
with 7.2).

NOTE 2—When testing coarse aggregate of large nominal maximum
size requiring large test samples, it may be more convenient to perform the
test on two or more subsamples, and the values obtained combined for the
computations described in Section 9.

8. Procedure

8.1 Dry the test sample in the oven to constant mass at a
temperature of 110 6 5 °C, cool in air at room temperature for
1 to 3 h for test samples of 37.5-mm (11⁄2-in.) nominal
maximum size, or longer for larger sizes until the aggregate has
cooled to a temperature that is comfortable to handle (approxi-
mately 50 °C). Subsequently immerse the aggregate in water at
room temperature for a period of 24 6 4 h. When Specification
C330 or Specification C332 Group II lightweight aggregates
are used, immerse the aggregate in water at room temperature
for a period of 72 6 4 h, stirring for at least one minute every
24 h.

8.2 When the absorption and relative density (specific
gravity) values are to be used in proportioning concrete
mixtures in which the aggregates will be in their naturally
moist condition, the requirement in 8.1 for initial drying is
optional, and, if the surfaces of the particles in the sample have
been kept continuously wet until tested, the requirement in 8.1
for 24 6 4 h or 72 6 4 h soaking is also optional.

NOTE 3—Values for absorption and relative density (specific gravity)
(SSD) may be significantly higher for aggregate not oven dried before
soaking than for the same aggregate treated in accordance with 8.1. This
is especially true of particles larger than 75 mm since the water may not
be able to penetrate the pores to the center of the particle in the prescribed
soaking period.

8.3 Remove the test sample from the water and roll it in a
large absorbent cloth until all visible films of water are
removed. Wipe the larger particles individually. A moving
stream of air is permitted to assist in the drying operation. Take
care to avoid evaporation of water from aggregate pores during
the surface-drying operation. Determine the mass of the test
sample in the saturated surface-dry condition. Record this and
all subsequent masses to the nearest 0.5 g or 0.05 % of the
sample mass, whichever is greater.

8.4 After determining the mass in air, immediately place the
saturated-surface-dry test sample in the sample container and
determine its apparent mass in water at 23 6 2.0 °C. Take care
to remove all entrapped air before determining its mass by
shaking the container while immersed.

NOTE 4—The difference between the mass in air and the mass when the
sample is submerged in water equals the mass of water displaced by the
sample.

NOTE 5—The container should be immersed to a depth sufficient to
cover it and the test sample while determining the apparent mass in water.
Wire suspending the container should be of the smallest practical size to
minimize any possible effects of a variable immersed length.

8.5 Dry the test sample in the oven to constant mass at a
temperature of 110 6 5 °C, cool in air at room temperature 1

to 3 h, or until the aggregate has cooled to a temperature that
is comfortable to handle (approximately 50 °C), and determine
the mass.

9. Calculations

9.1 Relative Density (Specific Gravity):
9.1.1 Relative Density (Specific Gravity) (OD)—Calculate

the relative density (specific gravity) on the basis of oven-dry
aggregate as follows:

Relative density ~specific gravity! ~OD! 5 A/~B 2 C! (1)

where:
A = mass of oven-dry test sample in air, g,
B = mass of saturated-surface-dry test sample in air, g, and
C = apparent mass of saturated test sample in water, g.

9.1.2 Relative Density (Specific Gravity) (SSD)—Calculate
the relative density (specific gravity) on the basis of saturated-
surface-dry aggregate as follows:

Relative density ~specific gravity! ~SSD! 5 B/~B 2 C! (2)

9.1.3 Apparent Relative Density (Specific Gravity)—
Calculate the apparent relative density (specific gravity) as
follows:

Apparent relative density ~specific gravity! 5 A/~A 2 C! (3)

9.2 Average Relative Density (Specific Gravity) Values—If
the sample is tested in separate size fractions, compute the
average values for relative density (specific gravity) of the size
fraction computed in accordance with 9.1 using the following
equation:

G 5
1

P 1

100 G1

1
P2

100 G2

1…
Pn

100 Gn

~see Appendix X1! (4)

where:
G = average relative density (specific gravity).

All forms of expression of relative density
(specific gravity) can be averaged in this
manner,

G1, G2... Gn = appropriate average relative density (specific
gravity) values for each size fraction depend-
ing on the type of relative density (specific
gravity) being averaged, and

P1, P2, ... Pn = mass percentages of each size fraction pres-
ent in the original sample (not including finer
material—see 7.4).

9.3 Absorption—Calculate the percentage of absorption, as
follows:

Absorption, % 5 @~B 2 A!/A# 3 100 (5)

9.4 Average Absorption Value—If the sample is tested in
separate size fractions, the average absorption value is the
average of the values as computed in 9.3, weighted in
proportion to the mass percentages of each size fraction present
in the original sample (not including finer material—see 7.4) as
follows:

A 5 ~P 1A1/100!1~P2A2/100!1… ~PnAn/100! (6)
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where:
A = average absorption, %,
A1, A2 ... An = absorption percentages for each size

fraction, and
P1, P2, ... Pn = mass percentages of each size fraction pres-

ent in the original sample.

10. Report

10.1 Report relative density (specific gravity) results to the
nearest 0.01 and indicate the basis for relative density (specific
gravity) as either (OD), (SSD), or apparent.

10.2 Report the absorption result to the nearest 0.1 %.

10.3 If the relative density (specific gravity) and absorption
values were determined without first drying the aggregate, as
permitted in 8.2, note that fact in the report.

11. Precision and Bias

11.1 The estimates of precision of this test method listed in
Table 1 are based on results from the AASHTO Materials
Reference Laboratory Proficiency Sample Program, with test-
ing conducted by this test method and AASHTO Method T 85.
The significant difference between the methods is that Test
Method C127 requires a saturation period of 24 6 4 h, while
AASHTO Method T 85 requires a saturation period of 15 h
minimum. This difference has been found to have an insignifi-
cant effect on the precision indices. The data are based on the
analyses of more than 100 paired test results from 40 to 100
laboratories.

11.2 Bias—Since there is no accepted reference material for
determining the bias for the procedure in this test method, no
statement on bias is being made.

12. Keywords

12.1 absorption; aggregate; apparent relative density; coarse
aggregate; relative density; specific gravity

APPENDIXES

(Nonmandatory Information)

X1. DEVELOPMENT OF EQUATIONS

X1.1 The derivation of the equation is from the following
simplified cases using two solids. Solid 1 has a mass M1 in
grams and a volume V1 in millilitres; its relative density
(specific gravity) (G1) is therefore M1/V1. Solid 2 has a mass M
2 and volume V2, and G2 = M2/V2. If the two solids are
considered together, the relative density (specific gravity) of
the combination is the total mass in grams divided by the total
volume in millilitres:

G 5 ~M11M 2! /~V11V2! (X1.1)

Manipulation of this equation yields the following:

G 5
1

V11V2

M11M 2

5
1

V1

M11M 2

1
V2

M11M 2

(X1.2)

G 5
1

M1

M11M2
S V1

M1
D1

M2

M11M2
S V2

M2
D (X1.3)

However, the mass fractions of the two solids are:

M1/~M11M 2! 5 P1/100 and M 2/~M11M2! 5 P 2/100 (X1.4)

and,

1/G1 5 V1/M1 and 1/G2 5 V2/M 2 (X1.5)

Therefore,

G 5
1

P1

100
1

G1

1
P2

100
1

G2

(X1.6)

An example of the computation is given in Table X1.1.

TABLE 1 Precision

Standard Deviation
Acceptable Range of
Two Results (d2s)A

Single-Operator Precision:
Relative density (specific gravity)

(OD)
0.009 0.025

Relative density (specific gravity)
(SSD)

0.007 0.020

Apparent relative density (specific
gravity)

0.007 0.020

Multilaboratory Precision:
Relative density (specific gravity)

(OD)
0.013 0.038

Relative density (specific gravity)
(SSD)

0.011 0.032

Apparent relative density (specific
gravity)

0.011 0.032

A These numbers represent the (d2s) limits as described in Practice C670. The
precision estimates were obtained from the analysis of combined AASHTO
Materials Reference Laboratory proficiency sample data from laboratories using
15 h minimum saturation times and other laboratories using 24 ± 4 h saturation
times. Testing was performed on normal-weight aggregates, and started with
aggregates in the oven-dry condition.
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X2. INTERRELATIONSHIPS BETWEEN RELATIVE DENSITIES (SPECIFIC GRAVITIES) AND ABSORPTION AS DEFINED
IN TEST METHODS C127 AND C128

X2.1 Where:

Sd = relative density (specific gravity) (OD),
Ss = relative density (specific gravity) (SSD),
Sa = apparent relative density (apparent specific gravity),

and
A = absorption in %.

X2.2 Calculate the values of each as follows:

Ss 5 ~11A/100!S d (X2.1)

Sa 5
1

1
Sd

2
A

100

5
Sd

1 2
AS d

100

(X2.2)

Sa 5
1

11A/100
Ss

2
A

100

5
Ss

1 2 F A
100 ~Ss 2 1!G (X2.3)

A 5 S Ss

Sd

2 1D 100 (X2.4)

A 5 S Sa 2 Ss

Sa~S s 2 1! D 100 (X2.5)

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
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Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/

TABLE X1.1 Example of Calculation of Weighted Values of
Relative Density (Specific Gravity) and Absorption for a Coarse

Aggregate Tested in Separate Sizes

Size
Fraction, mm (in.)

% in
Original
Sample

Sample Mass
Used in Test, g

Relative
Density
(Specific
Gravity)
(SSD)

Absorption,
%

4.75 to 12.5
(No. 4 to 1⁄2)

44 2213.0 2.72 0.4

12.5 to 37.5
(1⁄2 to 11⁄2 )

35 5462.5 2.56 2.5

37.5 to 63
(11⁄2 to 21⁄2 )

21 12593.0 2.54 3.0

Average Relative Density (Specific Gravity) (SSD)

GSSD 5
1

0.44
2.72

1
0.35
2.56

1
0.21
2.54

5 2.62

Average Absorption

A 5 ~0.44! ~0.4!1~0.35! ~2.5!1~0.21! ~3.0! 5 1.7 %
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Standard Test Method for
Relative Density (Specific Gravity) and Absorption of Fine
Aggregate1

This standard is issued under the fixed designation C128; the number immediately following the designation indicates the year of
original adoption 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

1.1 This test method covers the determination of relative
density (specific gravity) and the absorption of fine aggregates.
The relative density (specific gravity), a dimensionless quality,
is expressed as oven-dry (OD), saturated-surface-dry (SSD), or
as apparent relative density (specific gravity). The OD relative
density is determined after drying the aggregate. The SSD
relative density and absorption are determined after soaking the
aggregate in water for a prescribed duration.

1.2 This test method is not intended to be used for light-
weight aggregates that comply with Specification C332 Group
I aggregates.

1.3 The values stated in SI units are to be regarded as
standard. No other units of measurement are included in this
standard.

1.4 The text of this test method references notes and
footnotes that provide explanatory material. These notes and
footnotes (excluding those in tables and figures) shall not be
considered as requirements of this test method.

1.5 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:2

C29/C29M Test Method for Bulk Density (“Unit Weight”)
and Voids in Aggregate

C70 Test Method for Surface Moisture in Fine Aggregate
C117 Test Method for Materials Finer than 75-µm (No. 200)

Sieve in Mineral Aggregates by Washing
C125 Terminology Relating to Concrete and Concrete Ag-

gregates
C127 Test Method for Relative Density (Specific Gravity)

and Absorption of Coarse Aggregate
C330 Specification for Lightweight Aggregates for Struc-

tural Concrete
C332 Specification for Lightweight Aggregates for Insulat-

ing Concrete
C188 Test Method for Density of Hydraulic Cement
C566 Test Method for Total Evaporable Moisture Content of

Aggregate by Drying
C670 Practice for Preparing Precision and Bias Statements

for Test Methods for Construction Materials
C702 Practice for Reducing Samples of Aggregate to Testing

Size
C1252 Test Methods for Uncompacted Void Content of Fine

Aggregate (as Influenced by Particle Shape, Surface
Texture, and Grading) (Withdrawn 2015)3

D75 Practice for Sampling Aggregates
D854 Test Methods for Specific Gravity of Soil Solids by

Water Pycnometer
2.2 AASHTO Standard:
AASHTO T 84 Specific Gravity and Absorption of Fine

Aggregates4

3. Terminology

3.1 Definitions—For definitions of terms used in this
standard, refer to Terminology C125.

4. Summary of Test Method

4.1 A sample of aggregate is immersed in water for 24 6 4
h to essentially fill the pores. It is then removed from the water,
the water is dried from the surface of the particles, and the
mass determined. Subsequently, the sample (or a portion of it)
is placed in a graduated container and the volume of the sample
is determined by the gravimetric or volumetric method. Finally,

1 This test method is under the jurisdiction of ASTM Committee C09 on
Concrete and Concrete Aggregatesand is the direct responsibility of Subcommittee
C09.20 on Normal Weight Aggregates.

Current edition approved Jan. 1, 2015. Published March 2015. Originally
approved in 1936. Last previous edition approved in 2012 as C128–12. DOI:
10.1520/C0128-15.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 The last approved version of this historical standard is referenced on
www.astm.org.

4 Available from American Association of State Highway and Transportation
Officials (AASHTO), 444 N. Capitol St., NW, Suite 249, Washington, DC 20001,
http://www.transportation.org.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.
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the sample is oven-dried and the mass determined again. Using
the mass values thus obtained and formulas in this test method,
it is possible to calculate relative density (specific gravity) and
absorption.

5. Significance and Use

5.1 Relative density (specific gravity) is the ratio of mass of
an aggregate to the mass of a volume of water equal to the
volume of the aggregate particles – also referred to as the
absolute volume of the aggregate. It is also expressed as the
ratio of the density of the aggregate particles to the density of
water. Distinction is made between the density of aggregate
particles and the bulk density of aggregates as determined by
Test Method C29/C29M, which includes the volume of voids
between the particles of aggregates.

5.2 Relative density is used to calculate the volume occu-
pied by the aggregate in various mixtures containing aggregate
including hydraulic cement concrete, bituminous concrete, and
other mixtures that are proportioned or analyzed on an absolute
volume basis. Relative density (specific gravity) is also used in
the computation of voids in aggregate in Test Method C29/
C29M and in Test Method C1252. Relative density (specific
gravity) (SSD) is used in the determination of surface moisture
on fine aggregate by displacement of water in Test Method
C70. Relative density (specific gravity) (SSD) is used if the
aggregate is in a saturated surface-dry condition, that is, if its
absorption has been satisfied. Alternatively, the relative density
(specific gravity) (OD) is used for computations when the
aggregate is dry or assumed to be dry.

5.3 Apparent relative density (specific gravity) pertain to the
solid material making up the constituent particles not including
the pore space within the particles that is accessible to water.
This value is not widely used in construction aggregate
technology.

5.4 Absorption values are used to calculate the change in the
mass of an aggregate material due to water absorbed in the pore
spaces within the constituent particles, compared to the dry
condition, if it is deemed that the aggregate has been in contact
with water long enough to satisfy most of the absorption
potential. The laboratory standard for absorption is that ob-
tained after submerging dry aggregate for a prescribed period
of time. Aggregates mined from below the water table com-
monly have a moisture content greater than the absorption
determined by this test method, if used without opportunity to
dry prior to use. Conversely, some aggregates that have not
been continuously maintained in a moist condition until used
are likely to contain an amount of absorbed moisture less than
the 24-h soaked condition. For an aggregate that has been in
contact with water and that has free moisture on the particle
surfaces, the percentage of free moisture is determined by
deducting the absorption from the total moisture content
determined by Test Method C566 by drying.

5.5 The general procedures described in this test method are
suitable for determining the absorption of aggregates that have
had conditioning other than the 24-h soak, such as boiling
water or vacuum saturation. The values obtained for absorption
by other test methods will be different than the values obtained

by the prescribed 24-h soak, as will the relative density
(specific gravity) (SSD).

6. Apparatus

6.1 Balance—A balance or scale having a capacity of 1 kg
or more, sensitive to 0.1 g or less, and accurate within 0.1 % of
the test load at any point within the range of use for this test
method. Within any 100-g range of test load, a difference
between readings shall be accurate within 0.1 g.

6.2 Pycnometer (for Use with Gravimetric Procedure)—A
flask or other suitable container into which the fine aggregate
test sample can be readily introduced and in which the volume
content can be reproduced within 6 0.1 cm3. The volume of
the container filled to mark shall be at least 50 % greater than
the space required to accommodate the test sample. A volu-
metric flask of 500-cm3 capacity or a fruit jar fitted with a
pycnometer top is satisfactory for a 500-g test sample of most
fine aggregates.

6.3 Flask (for Use with Volumetric Procedure)—A Le Chat-
elier flask as described in Test Method C188 is satisfactory for
an approximately 55-g test sample.

6.4 Mold and Tamper for Surface Moisture Test—The metal
mold shall be in the form of a frustum of a cone with
dimensions as follows: 40 6 3-mm inside diameter at the top,
906 3-mm inside diameter at the bottom, and 75 6 3 mm in
height, with the metal having a minimum thickness of 0.8 mm.
The metal tamper shall have a mass of 340 6 15 g and a flat
circular tamping face 25 6 3 mm in diameter.

6.5 Oven—An oven of sufficient size, capable of maintain-
ing a uniform temperature of 110 6 5 °C (230 6 9 °F).

7. Sampling

7.1 Sample the aggregate in accordance with Practice D75.
Thoroughly mix the sample and reduce it to obtain a test
specimen of approximately 1 kg using the applicable proce-
dures described in Practice C702.

8. Preparation of Test Specimen

8.1 Place the test specimen in a suitable pan or vessel and
dry in the oven to constant mass at a temperature of 110 6 5
°C (230 6 9 °F). Allow it to cool to comfortable handling
temperature (approximately 50 °C), cover with water, either by
immersion or by the addition of at least 6 % moisture to the
fine aggregate, and permit to stand for 24 6 4 h. When
Specification C330 or Specification C332 Group II lightweight
aggregates are used, immerse the aggregate in water at room
temperature for a period of 72 6 4 h, stirring for at least one
minute every 24 h.

8.1.1 When the absorption and relative density (specific
gravity) values are to be used in proportioning concrete
mixtures in which the aggregates will be in their naturally
moist condition, the requirement in 8.1 for initial drying is
optional, and, if the surfaces of the particles in the sample have
been kept continuously wet until tested, the requirement in 8.1
for 24 6 4 h soaking or 72 6 4 h is also optional.

NOTE 1—Values for absorption and for relative density (specific
gravity) (SSD) may be significantly higher for aggregate not oven dried
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before soaking than for the same aggregate treated in accordance with 8.1.

8.2 Decant excess water with care to avoid loss of fines (see
also Appendix X1), spread the sample on a flat nonabsorbent
surface exposed to a gently moving current of warm air, and
stir frequently to secure homogeneous drying. Employ me-
chanical aids such as tumbling or stirring to assist in achieving
the saturated surface-dry condition, if desired. Continue this
operation until the test specimen approaches a free-flowing
condition. Follow the procedure in 8.3 to determine if surface
moisture is still present on the constituent fine aggregate
particles. Make the first trial for surface moisture when there is
still some surface water in the test specimen. Continue drying
with constant stirring and test at frequent intervals until the test
indicates that the specimen has reached a surface-dry condi-
tion. If the first trial of the surface moisture test indicates that
moisture is not present on the surface, it has been dried past the
saturated surface-dry condition. In this case, thoroughly mix a
few millilitres of water with the fine aggregate and permit the
specimen to stand in a covered container for 30 min. Then
resume the process of drying and testing at frequent intervals
for the onset of the surface-dry condition.

8.3 Test for Surface Moisture—Hold the mold firmly on a
smooth nonabsorbent surface with the large diameter down.
Place a portion of the partially dried fine aggregate loosely in
the mold by filling it to overflowing and heaping additional
material above the top of the mold by holding it with the
cupped fingers of the hand holding the mold. Lightly tamp the
fine aggregate into the mold with 25 light drops of the tamper.
Start each drop approximately 5 mm above the top surface of
the fine aggregate. Permit the tamper to fall freely under
gravitational attraction on each drop. Adjust the starting height
to the new surface elevation after each drop and distribute the
drops over the surface. Remove loose sand from the base and
lift the mold vertically. If surface moisture is still present, the
fine aggregate will retain the molded shape. Slight slumping of
the molded fine aggregate indicates that it has reached a
surface-dry condition.

8.3.1 Some fine aggregate with predominately angular-
shaped particles or with a high proportion of fines does not
slump in the cone test upon reaching the surface-dry condition.
Test by dropping a handful of the fine aggregate from the cone
test onto a surface from a height of 100 to 150 mm, and
observe for fines becoming airborne; presence of airborne fines
indicates this problem. For these materials, consider the
saturated surface-dry condition as the point that one side of the
fine aggregate slumps slightly upon removing the mold.

NOTE 2—The following criteria have also been used on materials that
do not readily slump:

(1) Provisional Cone Test—Fill the cone mold as described
in 8.3 except only use 10 drops of the tamper. Add more fine
aggregate and use 10 drops of the tamper again. Then add
material two more times using 3 and 2 drops of the tamper,
respectively. Level off the material even with the top of the
mold, remove loose material from the base; and lift the mold
vertically.

(2) Provisional Surface Test—If airborne fines are noted
when the fine aggregate is such that it will not slump when it
is at a moisture condition, add more moisture to the sand, and

at the onset of the surface-dry condition, with the hand lightly
pat approximately 100 g of the material on a flat, dry, clean,
dark or dull nonabsorbent surface such as a sheet of rubber, a
worn oxidized, galvanized, or steel surface, or a black-painted
metal surface. After 1 to 3 s, remove the fine aggregate. If
noticeable moisture shows on the test surface for more than 1
to 2 s then surface moisture is considered to be present on the
fine aggregate.

(3) Colorimetric procedures described by Kandhal and Lee,
Highway Research Record No. 307, p. 44.

(4) For reaching the saturated surface-dry condition on a
single size material that slumps when wet, hard-finish paper
towels can be used to surface dry the material until the point is
just reached where the paper towel does not appear to be
picking up moisture from the surfaces of the fine aggregate
particles.

9. Procedure

9.1 Test by either the gravimetric procedure in 9.2 or the
volumetric procedure in 9.3. Make all determinations of mass
to 0.1 g.

9.2 Gravimetric (Pycnometer) Procedure:
9.2.1 Partially fill the pycnometer with water. Introduce into

the pycnometer 500 6 10 g of saturated surface-dry fine
aggregate prepared as described in Section 8, and fill with
additional water to approximately 90 % of capacity. Agitate the
pycnometer as described in 9.2.1.1 (manually) or 9.2.1.2
(mechanically).

9.2.1.1 Manually roll, invert, or agitate the pycnometer (or
use a combination of these actions) to eliminate visible air
bubbles.

NOTE 3—About 15 to 20 min are normally required to eliminate the air
bubbles by manual methods. Dipping the tip of a paper towel into the
pycnometer has been found to be useful in dispersing the foam that
sometimes builds up when eliminating the air bubbles. Optionally, a small
amount of isopropyl alcohol may be used to disperse the foam.

9.2.1.2 Mechanically agitate the pycnometer by external
vibration in a manner that will not degrade the sample. A level
of agitation adjusted to just set individual particles in motion is
sufficient to promote de-airing without degradation. A me-
chanical agitator shall be considered acceptable for use if
comparison tests for each six-month period of use show
variations less that the acceptable range of two results (d2s)
indicated in Table 1 from the results of manual agitation on the
same material.

9.2.2 After eliminating all air bubbles, adjust the tempera-
ture of the pycnometer and its contents to 23.0 6 2.0 °C if
necessary by partial immersion in circulating water, and bring
the water level in the pycnometer to its calibrated capacity.
Determine the total mass of the pycnometer, specimen, and
water.

9.2.3 Remove the fine aggregate from the pycnometer, dry
in the oven to constant mass at a temperature of 110 6 5 °C
(230 6 9 °F), cool in air at room temperature for 1 6 1⁄2 h, and
determine the mass.

9.2.4 Determine the mass of the pycnometer filled to its
calibrated capacity with water at 23.0 6 2.0 °C.

9.3 Volumetric (Le Chatelier Flask) Procedure:
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9.3.1 Fill the flask initially with water to a point on the stem
between the 0 and the 1-mL mark. Record this initial reading
with flask and contents within the temperature range of 23.0 6

2.0 °C. Add 55 6 5 g of fine aggregate in the saturated
surface-dry condition (or other measured quantity as neces-
sary). After all fine aggregate has been introduced, place the
stopper in the flask and roll the flask in an inclined position, or
gently whirl it in a horizontal circle so as to dislodge all
entrapped air, continuing until no further bubbles rise to the
surface (Note 4). Take a final reading with the flask and
contents within 1 °C of the original temperature.

NOTE 4—A small measured amount (not to exceed 1 mL) of isopropyl
alcohol may be used to eliminate foam appearing on the water surface.
The volume of alcohol used must be subtracted from the final reading
(R2).

9.3.2 For determination of the absorption, use a separate
500 6 10-g portion of the saturated surface-dry fine aggregate,
dry to constant mass, and determine the dry mass.

10. Calculations

10.1 Symbols: A = mass of oven dry specimen, g
B = mass of pycnometer filled with water, to calibration

mark, g
C = mass of pycnometer filled with specimen and water to

calibration mark, g
R1 = initial reading of water level in Le Chatelier flask, mL
R2 = final reading of water in Le Chatelier flask, mL
S = mass of saturated surface-dry specimen (used in the

gravimetric procedure for density and relative density (specific
gravity), or for absorption with both procedures), g

S1 = mass of saturated surface-dry specimen (used in the
volumetric procedure for density and relative density (specific
gravity)), g

10.2 Relative Density (Specific Gravity):
10.2.1 Relative Density (Specific Gravity ) (Oven dry)—

Calculate the relative density (specific gravity) on the basis of
oven-dry aggregate as follows:

10.2.1.1 Gravimetric Procedure:

Relative density ~specific gravity! ~OD! 5 A/~B1S 2 C! (1)

10.2.1.2 Volumetric Procedure:

Relative density ~specific gravity! ~OD! 5 @S1 ~A/S!#/@0.9975 ~R2

2 R1!# (2)

10.2.2 Relative Density (Specific Gravity) (Saturated
Surface-dry)—Calculate the relative density (specific gravity)
on the basis of saturated surface-dry aggregate as follows:

10.2.2.1 Gravimetric Procedure:

Relative density ~specific gravity! ~SSD! 5 S/~B1S 2 C! (3)

10.2.2.2 Volumetric Procedure:

Relative density ~specific gravity! ~SSD! 5 S1/@0.9975 ~R2 2 R1!#

(4)

10.2.3 Apparent Relative Density (Specific Gravity)—
Calculate the apparent relative density (specific gravity) as
follows:

10.2.3.1 Gravimetric Procedure:

Apparent relative density ~specific gravity! 5 A/~B1A 2 C! (5)

10.2.3.2 Volumetric Procedure:

Apparent relative density ~specific gravity!

5
S1 ~A/S!

0.9975 ~R2 2 R1! 2 @~S1/S!~S 2 A!#
(6)

10.3 Absorption—Calculate the percentage of absorption as
follows:

Absorption, % 5 100 @~S 2 A!/A# (7)

11. Report

11.1 Report relative density (specific gravity) results to the
nearest 0.01 and indicate the basis for relative density (specific
gravity), as either oven-dry (OD), saturated-surface-dry (SSD),
or apparent.

11.2 Report the absorption result to the nearest 0.1 %.

11.3 If the relative density (specific gravity) values were
determined without first drying the aggregate, as permitted in
8.2, note that fact in the report.

12. Precision and Bias

12.1 Precision—The estimates of precision of this test
method (listed in Table 1) are based on results from the
AASHTO Materials Reference Laboratory Proficiency Sample
Program, with testing conducted by this test method and
AASHTO T 84. The significant difference between the meth-
ods is that Test Method C128 requires a saturation period of 24

TABLE 1 Precision

Standard
Deviation

Acceptable
Range of

Two Results
(d2s)A

Single-Operator Precision
Relative density (specific gravity)

(OD) 0.011 0.032

Relative density (specific gravity)
(SSD) 0.0095 0.027

Apparent relative density (specific
gravity) 0.0095 0.027

Absorption,B % 0.11 0.31
Multilaboratory Precision

Relative density (specific gravity)
(OD) 0.023 0.066

Relative density (specific gravity)
(SSD) 0.020 0.056

Apparent relative density (specific
gravity) 0.020 0.056

Absorption,B % 0.23 0.66
A These numbers represent the (d2s) limits as described in Practice C670. The
precision estimates were obtained from the analysis of combined AASHTO
Materials Reference Laboratory proficiency sample data from laboratories using
15 to 19-h saturation times and other laboratories using 24 ± 4-h saturation time.
Testing was performed on normal weight aggregates, and started with aggregates
in the oven-dry condition.
B Precision estimates are based on aggregates with absorptions of less than 1 %
and may differ for manufactured fine aggregates and the aggregates having
absorption values greater than 1 %.
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6 4 h, and AASHTO Test Method T 84 requires a saturation
period of 15 to 19 h. This difference has been found to have an
insignificant effect on the precision indices. The data are based
on the analyses of more than 100 paired test results from 40 to
100 laboratories.

12.2 Bias—Since there is no accepted reference material
suitable for determining the bias for this test method, no
statement on bias is being made.

13. Keywords

13.1 absorption; aggregate; apparent relative density; fine
aggregate; relative density; specific gravity

APPENDIXES

(Nonmandatory Information)

X1. POTENTIAL DIFFERENCES IN BULK RELATIVE DENSITY AND ABSORPTION DUE TO PRESENCE OF MATERIAL
FINER THAN 75 µm

X1.1 It has been found that there may be significant
differences in bulk relative density and absorption between fine
aggregate samples tested with the material finer than 75 µm
(No. 200) present and not present in the samples. Samples from
which the material finer than 75 µm is not removed usually
give a higher absorption and a lower bulk relative density
compared with testing the same fine aggregate from which the
material finer than 75 µm is removed following the procedures
of Test Method C117. Samples with material finer than 75 µm
may build up a coating around the coarser fine aggregate
particles during the surface drying process. The resultant
relative density and absorption that is subsequently measured is
that of the agglomerated and coated particles and not that of the
parent material. The difference in absorption and relative
density determined between samples from which the material
finer than 75 µm have not been removed and samples from
which the material finer than 75 µm have been removed

depends on both the amount of the material finer than 75 µm
present and the nature of the material. When the material finer
than 75 µm is less than about 4 % by mass, the difference in
relative density between washed and unwashed samples is less
than 0.03. When the material finer than 75 µm is greater than
about 8 % by mass, the difference in relative density obtained
between washed and unwashed samples may be as great as
0.13. It has been found that the relative density determined on
fine aggregate from which the material finer than 75 µm has
been removed prior to testing more accurately reflects the
relative density of the material.

X1.2 The material finer than 75 µm, which is removed, can
be assumed to have the same relative density as the fine
aggregate. Alternatively, the relative density (specific gravity)
of the material finer than 75 µm may be further evaluated using
Test Method D854, however, this test determines the apparent
relative density and not the bulk relative density.

X2. INTERRELATIONSHIPS BETWEEN RELATIVE DENSITIES (SPECIFIC GRAVITIES) AND ABSORPTION AS DEFINED
IN TEST METHODS C127 AND C128

X2.1 This appendix gives mathematical interrelationships
among the three types of relative densities (specific gravities)
and absorption. These may be useful in checking the consis-
tency of reported data or calculating a value that was not
reported by using other reported data.

X2.2 Where:

Sd = relative density (specific gravity) (OD),
Ss = relative density (specific gravity) (SSD),
Sa = apparent relative density (apparent specific gravity),

and
A = absorption, in %.

Calculate the values of each as follows:

Ss 5 ~11A/100!Sd (X2.1)

Ss 5
1

1
Sd

2
A

100

5
Sd

1 2
ASd

100

(X2.2)

or Sa 5
1

11A/100
Ss

2
A

100

(X2.3)

5
Ss

1 5
A

100 ~Ss 2 1!

A 5 S Ss

Sd

2 1D 100 (X2.4)

A 5 S Sa 2 Ss

Sa ~Ss 2 1!D 100 (X2.5)
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/
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Designation: C33/C33M − 18

Standard Specification for
Concrete Aggregates1

This standard is issued under the fixed designation C33/C33M; the number immediately following the designation indicates the year of
original adoption 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*

1.1 This specification defines the requirements for grading
and quality of fine and coarse aggregate (other than lightweight
or heavyweight aggregate) for use in concrete.2

1.2 This specification is for use by a contractor, concrete
supplier, or other purchaser as part of the purchase document
describing the material to be furnished.

NOTE 1—This specification is regarded as adequate to ensure satisfac-
tory materials for most concrete. It is recognized that, for certain work or
in certain regions, it may be either more or less restrictive than needed. For
example, where aesthetics are important, more restrictive limits may be
considered regarding impurities that would stain the concrete surface. The
specifier should ascertain that aggregates specified are or can be made
available in the area of the work, with regard to grading, physical, or
chemical properties, or combination thereof.

1.3 This specification is also for use 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 have the responsibility of determining the pro-
portions of fine and coarse aggregate and the addition of
blending aggregate sizes if required or approved.

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

1.5 The text of this standard references notes and footnotes
which provide explanatory material. These notes and footnotes
(excluding those in tables and figures) shall not be considered
as requirements of this standard.

1.6 This international standard was developed in accor-
dance with internationally recognized principles on standard-

ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:3

C29/C29M Test Method for Bulk Density (“Unit Weight”)
and Voids in Aggregate

C40/C40M Test Method for Organic Impurities in Fine
Aggregates for Concrete

C87/C87M Test Method for Effect of Organic Impurities in
Fine Aggregate on Strength of Mortar

C88 Test Method for Soundness of Aggregates by Use of
Sodium Sulfate or Magnesium Sulfate

C117 Test Method for Materials Finer than 75-µm (No. 200)
Sieve in Mineral Aggregates by Washing

C123/C123M Test Method for Lightweight Particles in Ag-
gregate

C125 Terminology Relating to Concrete and Concrete Ag-
gregates

C131/C131M Test Method for Resistance to Degradation of
Small-Size Coarse Aggregate by Abrasion and Impact in
the Los Angeles Machine

C136/C136M Test Method for Sieve Analysis of Fine and
Coarse Aggregates

C142/C142M Test Method for Clay Lumps and Friable
Particles in Aggregates

C294 Descriptive Nomenclature for Constituents of Con-
crete Aggregates

C295/C295M Guide for Petrographic Examination of Ag-
gregates for Concrete

C330/C330M Specification for Lightweight Aggregates for
Structural Concrete

C331/C331M Specification for Lightweight Aggregates for
Concrete Masonry Units

C332 Specification for Lightweight Aggregates for Insulat-
ing Concrete

1 This specification is under the jurisdiction of ASTM Committee C09 on
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee
C09.20 on Aggregates.

Current edition approved March 15, 2018. Published April 2018. Originally
approved in 1921. Last previous edition approved in 2016 as C33/C33M – 16ε1.
DOI: 10.1520/C0033_C0033M-18.

2 For lightweight aggregates, see Specifications C330/C330M, C331/C331M,
and C332; for heavyweight aggregates see Specification C637 and Descriptive
Nomenclature C638.

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

*A Summary of Changes section appears at the end of this standard

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.
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C535 Test Method for Resistance to Degradation of Large-
Size Coarse Aggregate by Abrasion and Impact in the Los
Angeles Machine

C637 Specification for Aggregates for Radiation-Shielding
Concrete

C638 Descriptive Nomenclature of Constituents of Aggre-
gates for Radiation-Shielding Concrete

C666/C666M Test Method for Resistance of Concrete to
Rapid Freezing and Thawing

C1778 Guide for Reducing the Risk of Deleterious Alkali-
Aggregate Reaction in Concrete

D75/D75M Practice for Sampling Aggregates
D422 Test Method for Particle-Size Analysis of Soils (With-

drawn 2016)4

D2419 Test Method for Sand Equivalent Value of Soils and
Fine Aggregate

D3665 Practice for Random Sampling of Construction Ma-
terials

E11 Specification for Woven Wire Test Sieve Cloth and Test
Sieves

2.2 Other Standards:
AASHTO T 330 Method of Test for the Qualitative Detec-

tion of Harmful Clays of the Smectite Group in Aggre-
gates Using Methylene Blue5

3. Terminology

3.1 For definitions of terms used in this standard, refer to
Terminology C125.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 aggregate, recycled, n—granular material that has

been diverted, separated, or removed from the solid waste
stream, and processed for use in the form of raw materials or
products.

4. Ordering and Specifying Information

4.1 The direct purchaser of aggregates shall include the
information in 4.2 in the purchase order as applicable. A project
specifier shall include in the project documents information to
describe the aggregate to be used in the project from the
applicable items in 4.3.

4.2 Include in the purchase order for aggregates the follow-
ing information, as applicable:

4.2.1 Reference to this specification, as C33____,
4.2.2 Whether the order is for fine aggregate or for coarse

aggregate,
4.2.3 Quantity, in metric tons or tons,
4.2.4 When the order is for fine aggregate:
4.2.4.1 Requirements for alkali-aggregate reactivity (see

7.3),
4.2.4.2 In the case of the sulfate soundness test (see 8.1)

which salt is to be used. If none is stated, either sodium sulfate
or magnesium sulfate shall be used,

4.2.4.3 The appropriate limit for material finer than 75-µm
(No. 200) sieve (see Table 1). If not stated, the 3.0 % limit shall
apply,

4.2.4.4 The appropriate limit for coal and lignite (see Table
2). If not stated, the 1.0 % limit shall apply,

4.2.5 When the order is for coarse aggregate:
4.2.5.1 The grading (size number) (see 10.1 and Table 3), or

alternate grading as agreed between the purchaser and aggre-
gate supplier.

4.2.5.2 The class designation (see 11.1 and Table 4),
4.2.5.3 Requirements for alkali-aggregate reactivity (see

11.2),
4.2.5.4 In the case of the sulfate soundness test (see Table

4), which salt is to be used. If none is stated, either sodium
sulfate or magnesium sulfate shall be used, and

4.2.6 Any exceptions or additions to this specification (see
Note 1).

4.3 Include in project specifications for aggregates the
following information, as applicable:

4.3.1 Reference to this specification, as C33____.
4.3.2 When the aggregate being described is fine aggregate:
4.3.2.1 Requirements for alkali-aggregate reactivity (see

7.3),
4.3.2.2 In the case of the sulfate soundness test (see 8.1)

which salt is to be used. If none is stated, either sodium sulfate
or magnesium sulfate shall be used.

4.3.2.3 The appropriate limit for material finer than the
75-µm (No. 200) sieve (see Table 1). If not stated, the 3.0 %
limit shall apply, and

4.3.2.4 The limit that applies with regard to coal and lignite
(Table 2). If not stated, the 1.0 % limit shall apply.

4.3.3 When the aggregate being described is coarse
aggregate, include:

4.3.3.1 The nominal maximum size or sizes permitted,
based on thickness of section or spacing of reinforcing bars or
other criteria. In lieu of stating the nominal maximum size, the
specifier shall designate an appropriate size number or numbers
(see 10.1 and Table 3). Designation of a size number to indicate
a nominal size shall not restrict the person responsible for
selecting proportions from combining two or more gradings of
aggregate to obtain a desired grading, provided that the

4 The last approved version of this historical standard is referenced on
www.astm.org.

5 AASHTO Standard Specifications, Part 2B: Tests.Available from American
Association of State Highway and Transportation Officials (AASHTO), 444 N.
Capitol St., NW, Suite 249, Washington, DC 20001, http://www.transportation.org.

TABLE 1 Grading Requirements for Fine Aggregate

Sieve (Specification E11) Percent Passing

9.5-mm (3⁄8-in.) 100
4.75-mm (No. 4) 95 to 100
2.36-mm (No. 8) 80 to 100
1.18-mm (No. 16) 50 to 85
600-µm (No. 30) 25 to 60
300-µm (No. 50) 5 to 30
150-µm (No. 100) 0 to 10
75-µm (No. 200) 0 to 3.0A,B

A For concrete not subject to abrasion, the limit for material finer than the 75-µm
(No. 200) sieve shall be 5.0 % maximum.
B For manufactured fine or other recycled aggregate, if the material finer than the
75-µm (No. 200) sieve consists of the dust of fracture, essentially free of clay or
shale, this limit shall be 5.0% for concrete subject to abrasion, and 7% maximum
for concrete not subject to abrasion.

C33/C33M − 18
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gradings are not otherwise restricted by the project specifier
and the nominal maximum size indicated by the size number is
not exceeded,

4.3.3.2 The class designation (see 11.1 and Table 4),
4.3.3.3 Requirements for alkali-aggregate reactivity (see

11.2),
4.3.3.4 In the case of the sulfate soundness test (see Table

4), which salt is to be used. If none is stated, either sodium
sulfate or magnesium sulfate shall be used, and

4.3.4 The person responsible for selecting the concrete
proportions if other than the concrete producer.

4.3.5 Any exceptions or additions to this specification (see
Note 1).

FINE AGGREGATE

5. General Characteristics

5.1 Fine aggregate shall consist of natural sand, manufac-
tured sand, or other recycled aggregate, or a combination
thereof.

NOTE 2—This standard only addresses properties of aggregates consid-
ered necessary for use in concrete and the associated test methods
contained within this standard. Certain recycled aggregate sources may
contain materials and properties not addressed as part of the document
specifications, limits, or test methods. Recycled aggregates may require
evaluation for environmental considerations (air quality, water quality,
storage) using the appropriate local, state, and federal test methods in
effect at the time of use.

6. Grading

6.1 Sieve Analysis—Fine aggregate, except as provided in
6.2 and 6.3 shall be graded within the limits in Table 1.

NOTE 3—Concrete with fine aggregate gradings near the minimums for
percent passing the 300 µm (No.50) and 150 µm (No.100) sometimes have
difficulties with workability, pumping or excessive bleeding. The addition
of entrained air, additional cement, or the addition of an approved mineral
admixture to supply the deficient fines, are methods used to alleviate such
difficulties.

6.2 The fine aggregate shall 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.

6.3 Fine aggregate failing to meet these grading require-
ments shall meet the requirements of this section provided that
the supplier can demonstrate to the purchaser or specifier that
concrete of the class specified, made with fine aggregate under
consideration, will have relevant properties (see Note 6) at
least equal to those of concrete made with the same
ingredients, with the exception that the reference fine aggregate

shall be selected from a source having an acceptable perfor-
mance record in similar concrete construction.

NOTE 4—Manufactured fine aggregate having elevated proportions of
material passing the 75-µm (No. 200) sieve may need further evaluation to
ensure that material passing the 75-µm (No. 200) sieve is essentially
composed of dust of fracture derived from the parent rock in the crushing
operation, and does not contain an appreciable level of clay minerals or
other deleterious constituents as described in Descriptive Nomenclature
C294. Because some of the dust of fracture may occur in the clay size
range, defined here as material finer than 2 µm, care must be taken to
properly differentiate these clay-sized materials from clay minerals.
Natural fine aggregate with elevated proportions of material passing the
75-µm (No. 200) sieve may have higher potential for clay mineral content.

Various means are available for characterizing these fines, such as
petrographic analysis (Guide C295/C295M), sand equivalent determina-
tion (Test Method D2419), hydrometer analysis (Test Method D422),
methylene blue adsorption determination (AASHTO T 330) and X-ray
diffraction analysis. While these techniques are useful for investigative
purposes, no specific limits have been established for prediction of
performance of these materials in concrete under various intended service
conditions. Methylene blue adsorption and hydrometer analyses are
believed to be two relatively quick and reliable tests for characterization
of material passing the 75-µm (No. 200) sieve to determine suitability for
use in concrete. Research (1,2) has indicated that manufactured fine
aggregate with less than 4 % by mass finer than 2 µm, and with methylene
blue adsorption values less than 5 mg/g generally is suitable for use in
concrete. Fine aggregate that exceeds these values also may be suitable for
use provided that fresh and hardened concrete properties are shown to be
acceptable.

NOTE 5—Fine aggregate that conforms to the grading requirements of
a specification, prepared by another organization such as a state transpor-
tation agency, which is in general use in the area, should be considered as
having a satisfactory service record with regard to those concrete
properties affected by grading.

NOTE 6—Relevant properties are those properties of the concrete that
are important to the particular application being considered. STP 169D6

provides a discussion of important concrete properties.

6.4 For continuing 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 modulus
shall be that value that is typical of the source. The purchaser
or specifier has the authority to approve a change in the base
fineness modulus.

NOTE 7—The base fineness modulus should be determined from
previous tests, or if no previous tests exist, from the average of the
fineness modulus values for the first ten samples (or all preceding samples
if less than ten) on the order. The proportioning of a concrete mixture 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 in the concrete mixture, a
suitable adjustment in the mixture may be necessary.

7. Deleterious Substances

7.1 The amount of deleterious substances in fine aggregate
shall not exceed the limits prescribed in Table 2.

7.2 Organic Impurities:
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
color darker than the standard shall be rejected.

6 Significance of Tests and Properties of Concrete and Concrete Making
Materials, STP 169D, ASTM, 2006.

TABLE 2 Limits for Deleterious Substances in Fine Aggregate for
Concrete

Item
Mass Percent

of Total Sample,
max

Clay lumps and friable particles 3.0
Coal and lignite:

Where surface appearance of concrete
is of importance

0.5

All other concrete 1.0

C33/C33M − 18
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7.2.2 Use of a fine aggregate failing in the test is not
prohibited, provided that the discoloration is due principally to
the presence of small quantities of coal, lignite, or similar
discrete particles.

7.2.3 Use of a fine aggregate failing in the test is not
prohibited, provided that, when tested for the effect of organic
impurities on strength of mortar, the relative strength at 7 days,
calculated in accordance with Test Method C87/C87M, is not
less than 95 %.

7.3 When required by the purchaser, fine aggregate for use
in concrete shall be tested to determine the potential for
deleterious alkali-aggregate reaction (see Note 8).

NOTE 8—Guide C1778 provides information on identifying and pre-
venting the potential for deleterious alkali-aggregate reaction. Consider-
ation is given to concrete mixture proportions, exposure conditions, and
risk level.

8. Soundness

8.1 Except as provided in 8.2 and 8.3, fine aggregate
subjected to five cycles of the soundness test shall have a
weighted average loss not greater than 10 % when sodium
sulfate is used or 15 % when magnesium sulfate is used.

8.2 Fine aggregate failing to meet the requirements of 8.1
shall be regarded as meeting the requirements of this section
provided that the supplier demonstrates to the purchaser or
specifier that concrete of comparable properties, made from
similar aggregate from the same source, has given satisfactory
service when exposed to weathering similar to that to be
encountered.

8.3 Fine aggregate not having a demonstrable service record
and failing to meet the requirements of 8.1 shall be regarded as
meeting the requirements of this section provided that the
supplier demonstrates to the purchaser or specifier it gives
satisfactory results in concrete subjected to freezing and
thawing tests (see Test Method C666/C666M).

COARSE AGGREGATE

9. General Characteristics

9.1 Coarse aggregate shall consist of gravel, crushed gravel,
crushed stone, air-cooled blast furnace slag, or crushed
hydraulic-cement concrete (see Note 9), or other recycled
aggregate (see Note 2), or a combination thereof, conforming
to the requirements of this specification.

NOTE 9—Although crushed hydraulic-cement concrete has been used as
an aggregate with reported satisfactory results, its use may require some
additional precautions. Mixing water requirements may be increased
because of the harshness of the aggregate. Partially deteriorated concrete,
used as aggregate, may reduce freeze-thaw resistance, affect air void
properties or degrade during handling, mixing, or placing. Crushed
concrete may have constituents that would be susceptible to alkali-
aggregate reactivity or sulfate attack in the new concrete or may bring
sulfates, chlorides, or organic material to the new concrete in its pore
structure.

10. Grading

10.1 Coarse aggregates shall conform to the requirements
prescribed in Table 3 for the size number specified.

NOTE 10—The ranges shown in Table 3 are by necessity very wide in

order to accommodate nationwide conditions. For quality control of any
specific operation, a producer should develop an average grading for the
particular source and production facilities, and should control the produc-
tion gradings within reasonable tolerances from this average. Where
coarse aggregate size numbers 357 or 467 are used, the aggregate should
be furnished in at least two separate sizes.

11. Deleterious Substances

11.1 Except for the provisions of 11.3, the limits given in
Table 4 shall apply for the class of coarse aggregate designated
in the purchase order or other document (see Note 11 and Note
12). If the class is not specified, the requirements for Class 3S,
3M, or 1N shall apply in the severe, moderate, and negligible
weathering regions, respectively (see Table 4 and Fig. 1).

NOTE 11—The specifier of the aggregate should designate the class of
coarse aggregate to be used in the work, based on weathering severity,
abrasion, and other factors of exposure (see Table 4 and Fig. 1) . The limits
for coarse aggregate corresponding to each class designation are expected
to ensure satisfactory performance in concrete for the respective type and
location of construction. Selecting a class with unduly restrictive limits
may result in unnecessary cost if materials meeting those requirements are
not locally available. Selecting a class with lenient limits may result in
unsatisfactory performance and premature deterioration of the concrete.
While concrete in different parts of a single structure may be adequately
made with different classes of coarse aggregate, the specifier may wish to
require the coarse aggregate for all concrete to conform to the same more
restrictive class to reduce the chance of furnishing concrete with the
wrong class of aggregate, especially on smaller projects.

NOTE 12—For coarse aggregate in concrete exposed to weathering, the
map with the weathering regions shown in Fig. 1 is intended to serve only
as a guide to probable weathering severity. Those undertaking
construction, especially near the boundaries of weathering regions, should
consult local weather bureau records for amount of winter precipitation
and number of freeze-thaw cycles to be expected, for determining the
weathering severity for establishing test requirements of the coarse
aggregate. For construction at altitudes exceeding 1520 m [5000 ft] above
sea level, the likelihood of more severe weathering than indicated by the
map should be considered. In arid areas, severity of weathering may be
less than that indicated. In either case, the definitions of weathering
severity in Table 4 would govern. If there is doubt in choosing between
two regions, select the more severe weathering region.

11.2 When required by the purchaser, coarse aggregate for
use in concrete shall be tested to determine the potential for
deleterious alkali-aggregate reaction (see Note 8).

11.3 Coarse aggregate having test results exceeding the
limits specified in Table 4 shall be regarded as meeting the
requirements of this section provided the supplier demonstrates
to the purchaser or specifier that concrete made with similar
aggregate from the same source has given satisfactory 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 satisfactory relevant
properties (see Note 6).

METHODS OF SAMPLING AND TESTING

12. Methods of Sampling and Testing

12.1 Sample and test the aggregates in accordance with the
following methods, except as otherwise provided in this
specification. Make the required tests on test specimens that
comply with requirements of the designated test methods. It is
not prohibited to use the same test specimen for sieve analysis
and for determination of material finer than the 75-µm (No.
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200) sieve. The use of separated sizes from the sieve analysis
is acceptable for soundness or abrasion tests, however, addi-
tional test specimen preparation is required (see Note 13). For
other test procedures and the evaluation of potential alkali
reactivity, when required, use independent test specimens.

NOTE 13—The material used for the soundness test requires resieving to
allow proper test specimen preparation as specified in Test Method C88.

12.1.1 Sampling—Practice D75/D75M and Practice D3665.
12.1.2 Grading and Fineness Modulus—Test Method C136/

C136M.
12.1.3 Amount of Material Finer than 75-µm (No. 200)

Sieve—Test Method C117.
12.1.4 Organic Impurities—Test Method C40/C40M.
12.1.5 Effect of Organic Impurities on Strength—Test

Method C87/C87M.
12.1.6 Soundness—Test Method C88.
12.1.7 Clay Lumps and Friable Particles— Test Method

C142/C142M.
12.1.8 Coal and Lignite—Test Method C123/C123M, using

a liquid of 2.0 specific gravity to remove the particles of coal

and lignite. Only material that is brownish-black, or black,
shall be considered coal or lignite. Coke shall not be classed as
coal or lignite.

12.1.9 Bulk Density (Unit Weight) of Slag—Test Method
C29/C29M.

12.1.10 Abrasion of Coarse Aggregate—Test Method C131/
C131M or Test Method C535.

12.1.11 Alkali Aggregate Reactivity—See Guide C1778.
12.1.12 Freezing and Thawing—Procedures for making

freezing and thawing tests of concrete are described in Test
Method C666/C666M.

12.1.13 Chert—Test Method C123/C123M is used to iden-
tify particles in a sample of coarse aggregate lighter than 2.40
specific gravity, and Guide C295/C295M to identify which of
the particles in the light fraction are chert.

13. Keywords

13.1 aggregates; coarse aggregate; concrete aggregates; fine
aggregate

FIG. 1 Location of Weathering Regions
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Designation: C78/C78M − 21

Standard Test Method for
Flexural Strength of Concrete (Using Simple Beam with
Third-Point Loading)1

This standard is issued under the fixed designation C78/C78M; the number immediately following the designation indicates the year of
original adoption 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.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope*

1.1 This test method covers the determination of the flexural
strength of concrete by the use of a simple beam with
third-point loading.

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in non-conformance
with 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, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to use.

1.4 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

C31/C31M Practice for Making and Curing Concrete Test
Specimens in the Field

C39/C39M Test Method for Compressive Strength of Cylin-
drical Concrete Specimens

C42/C42M Test Method for Obtaining and Testing Drilled
Cores and Sawed Beams of Concrete

C125 Terminology Relating to Concrete and Concrete Ag-
gregates

C192/C192M Practice for Making and Curing Concrete Test
Specimens in the Laboratory

C293/C293M Test Method for Flexural Strength of Concrete
(Using Simple Beam With Center-Point Loading)

C617/C617M Practice for Capping Cylindrical Concrete
Specimens

C670 Practice for Preparing Precision and Bias Statements
for Test Methods for Construction Materials

C1077 Practice for Agencies Testing Concrete and Concrete
Aggregates for Use in Construction and Criteria for
Testing Agency Evaluation

E4 Practices for Force Verification of Testing Machines
E6 Terminology Relating to Methods of Mechanical Testing

3. Terminology

3.1 Definitions:
3.1.1 For definitions of terms used in this test method, refer

to Terminology C125 and Terminology E6.
3.2 Definitions of Terms Specific to This Standard:
3.2.1 flexural strength—maximum resistance of a speci-

men subjected to bending.

3.2.1.1 Discussion—In this test method, flexural strength is
reported as the modulus of rupture.

3.2.2 flexural testing apparatus—fixture used to apply force
to the beam specimen and consists of loading and support
blocks.

3.2.3 loading block—component of the testing apparatus in
the shape of a portion of a cylinder that is used to apply a force
to the beam specimen.

3.2.4 modulus of rupture—calculated stress, assuming
linear-elastic behavior, in the tensile face of a beam specimen
at the maximum bending moment during a standard test
method.

3.2.5 span length—distance between lines of support, or
reaction, for the beam specimen, and it is equal to three times
the nominal depth of the beam.

3.2.5.1 Discussion—For example, for a 100 mm [4 in.]

1 This test method is under the jurisdiction of ASTM Committee C09 on
Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee
C09.61 on Testing for Strength.

Current edition approved March 1, 2021. Published March 2021. Originally
approved in 1930. Last previous edition approved in 2018 as C78/C78M – 18. DOI:
10.1520/C0078_C0078M-21.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

*A Summary of Changes section appears at the end of this standard

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.
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nominal depth beam, the span length is 300 mm [12 in.] and for
a 150 mm [6 in.] nominal depth beam, the span length is
450 mm [18 in.]. See 3.2.6.1, for discussion of reaction block.

3.2.6 support block—component of the testing apparatus in
the shape of a portion of a cylinder that is used to provide a
reaction to the force applied to the beam specimen.

3.2.6.1 Discussion—If the testing apparatus applies force to
the top of the beam, this block supports the beam. If the testing
apparatus applies force to the bottom of the beam, the support
block may be considered a reaction block because it provides
a line of reaction at the top of the beam and does not support
the beam.

3.2.7 testing machine—mechanical device for applying
force to a specimen.

4. Significance and Use

4.1 This test method is used to determine the flexural
strength of specimens prepared and cured in accordance with
Test Methods C42/C42M or Practices C31/C31M or C192/
C192M. Results are calculated and reported as the modulus of
rupture. For the same specimen size, the strength determined
will vary if there are differences in specimen preparation,
curing procedure, moisture condition at time of testing, and
whether the beam was molded or sawed to size.

4.2 The measured modulus of rupture generally increases as
the specimen size decreases.3,4,5

4.3 The results of this test method may be used to determine
compliance with specifications or as a basis for mixture
proportioning, evaluating uniformity of mixing, and checking
placement operations by using sawed beams. It is used primar-
ily in testing concrete for the construction of slabs and
pavements.

4.4 For identical test specimens, the modulus of rupture
obtained by this test method will, on average, be lower than
that obtained by Test Method C293/C293M.

5. Apparatus

5.1 Testing Machine—Hand operated testing machines hav-
ing pumps that do not provide a continuous loading in one
stroke are not permitted. Motorized pumps or hand operated
positive displacement pumps having sufficient volume in one
continuous stroke to complete a test without requiring replen-
ishment are permitted and shall be capable of applying loads at
a uniform rate without shock or interruption. The testing
machine shall be equipped with a means of recording or

holding the peak value that will indicate the maximum load, to
within 1 % accuracy, applied to the specimen during a test.

5.1.1 Verification:
5.1.1.1 The testing machine shall conform to the require-

ments of the sections on Basis of Verification, Corrections, and
Time Interval Between Verifications of Practice E4.

5.1.1.2 Verify the accuracy of the testing machine in accor-
dance with Practice E4, except that the verified loading range
shall be as required for flexural testing. Verification is required:

(1) Within 13 months of the last verification,
(2) On original installation,
(3) After relocation,
(4) After making repairs or adjustments that affect the

operation of the force applying system or the values displayed
on the load indicator, except for zero adjustments that com-
pensate for the weight of loading or support blocks or
specimen, or both, or

(5) Whenever there is reason to suspect the accuracy of the
indicated forces.

5.2 Flexural Testing Apparatus—The third point loading
method shall be used to determine the flexural strength of
concrete. The loading blocks and support blocks shall be
designed so that forces applied to the beam will be along lines
perpendicular to the side faces of the beam and applied without
eccentricity. A diagram of the flexural testing apparatus is
shown in Fig. 1.

NOTE 1—The flexural testing apparatus shown in Fig. 1 may be used
inverted. In this case, the loading blocks will be at the bottom of the beam,
while the reaction blocks will be at the top of the beam.

5.2.1 The flexural testing apparatus shall be capable of
maintaining the span length and distance between the lines of
loading within 61.0 mm [60.05 in.] of the specified values.

5.2.2 The ratio of the horizontal distance between the line of
application of the force and the line of the nearest reaction to
the depth of the beam shall be 1.0 6 0.03.

5.2.3 The loading blocks and support blocks shall not be
more than 65 mm [2.50 in.] high, measured from the center or
the axis of the ball or the axis of the rod and shall extend
entirely across or beyond the full width of the specimen. Each
case, the block surface in contact with the specimen shall not
depart from a plane by more than 0.05 mm [0.002 in.] and shall
be a portion of a cylinder, the axis of which is coincidental with
either the axis of the rod or center of the ball, whichever the
block is pivoted upon. The angle subtended by the curved
surface of each block shall be at least 0.80 rad [45°].

5.2.4 At least every six months or as specified by the
manufacturer of the flexural testing apparatus, clean and
lubricate metal-to-metal contact surfaces, such as internal
concave surfaces and steel balls and rods of the loading blocks
and support blocks (Fig. 1). The lubricant shall be a petroleum-
type oil, such as conventional motor oil, or as specified by the
manufacturer of the apparatus.

5.2.5 The support blocks shall be free to rotate.
5.2.6 The loading blocks and support blocks shall be

maintained in a vertical position and in contact with the rod or
ball by means of spring-loaded screws that hold them in
contact with the rod or ball. The uppermost bearing plate and
center point ball in Fig. 1 may be omitted if the testing machine

3 Tanesi, J; Ardani, A. Leavitt, J. "Reducing the Specimen Size of Concrete
Flexural Strength Test (AASHTO T97) for Safety and Ease of Handling," Trans-
portation Research Record: Journal of the Transportation Research Board, No.
2342, Transportation Research Board of National Academies, Washington, D.C.,
2013.

4 Carrasquillo, P.M. and Carrasquillo, R. L “Improved Concrete Quality Control
Procedures Using Third Point Loading”, Research Report 119-1F, Project 3-9-87-
1119, Center For Transportation Research, The University of Texas at Austin,
November 1987.

5 Bazant, Z. and Novak, D. “Proposal for Standard Test of Modulus of Rupture
of Concrete with its Size Dependence,” ACI Materials Journal, January-February
2001.
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has a spherically seated bearing block that meets the require-
ments of Test Method C39/C39M, provided one rod and one
ball are used as pivots for the upper loading blocks.

6. Test Specimens

6.1 The test specimen shall conform to all requirements of
Test Method C42/C42M or Practices C31/C31M or C192/
C192M applicable to beam specimens and shall have a test
span within 2 % of being three times its depth as tested. The
sides of the specimen shall be at right angles with the top and
bottom. All surfaces shall be smooth and free of scars,
indentations, holes, or inscribed identification marks.

6.2 Provided the smaller cross-sectional dimension of the
beam is at least three times the nominal maximum size of the
coarse aggregate, the modulus of rupture can be determined
using different specimen sizes. However, measured modulus of
rupture generally increases as specimen size decreases.3,4

(Note 2).

NOTE 2—The strength ratio for beams of different sizes depends
primarily on the maximum size of aggregate.5 Experimental data obtained
in two different studies have shown that for maximum aggregate size
between 19.0 mm and 25.0 mm [3⁄4 in. and 1 in.], the ratio between the
modulus of rupture determined with a 150 mm by 150 mm [6 in. by 6 in.]
and a 100 mm by 100 mm [4 in. by 4 in.] may vary from 0.90 to 1.073 and
for maximum aggregate size between 9.5 mm and 37.5 mm [3⁄8 in. and
11⁄2 in.], the ratio between the modulus of rupture determined with a
150 mm by 150 mm [6 in. by 6 in.] and a 115 mm by 115 mm [4.5 in. by
4.5 in.] may vary from 0.86 to 1.00.4

6.3 The specifier of tests shall specify the specimen size and
number of specimens to be tested to obtain an average test
result. The same specimen size shall be used for qualification
and acceptance testing.

7. Procedure

7.1 Moist-cured specimens shall be kept moist during the
period between removal from moist storage and testing.

NOTE 3—Surface drying of the specimen results in a reduction in the
measured flexural strength.

NOTE 4—Methods for keeping the specimen moist include wrapping in
moist fabric or matting and keeping specimens under lime water in
containers near the flexural testing machine until time of testing.

7.2 For molded specimens, turn the test specimen on its side
with respect to its position as molded and center it on the
support blocks. When using sawed specimens, position the
specimen so that the tension face corresponds to the top or
bottom of the specimen as cut from the parent material. Center
the loading blocks in relation to the applied force. Bring the
loading blocks in contact with the surface of the specimen at
the third points and apply a force of between 3 and 6 % of the
estimated ultimate force. Using 0.10 mm [0.004 in.] and
0.40 mm [0.015 in.] leaf-type feeler gages, determine whether
any gap between the specimen and the loading or support
blocks is greater or less than each of the gages over a length of
25 mm [1 in.] or more. Grind, cap, or use leather shims on the
specimen contact surface to eliminate any gap in excess of
0.10 mm [0.004 in.] in width. Leather shims shall be of
uniform 6 mm [0.25 in.] thickness, 25 mm to 50 mm [1.0 in. to
2.0 in.] width, and shall extend across the full width of the
specimen. Gaps in excess of 0.40 mm [0.015 in.] shall be
eliminated only by capping or grinding. Grinding of lateral
surfaces shall be minimized because grinding may change the
physical characteristics of the specimens. Capping shall be in
accordance with the applicable sections of Practice C617/
C617M.

7.3 Load the specimen continuously and without shock. The
load shall be applied at a constant rate to the breaking point.
Apply the load at a rate that constantly increases the maximum
stress on the tension face between 0.9 MPa ⁄min and
1.2 MPa ⁄min [125 psi ⁄min and 175 psi ⁄min] until rupture oc-
curs. The loading rate is calculated using the following
equation:

FIG. 1 Schematic of Flexural Testing Apparatus for Third-Point Loading Method
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r 5
Sbd2

L
(1)

where:
r = loading rate, N/min [lb/min],
S = rate of increase in maximum stress on the tension face,

MPa/min [psi/min],
b = average width of the specimen as oriented for testing,

mm [in.],
d = average depth of the specimen as oriented for testing,

mm [in.], and
L = span length, mm [in.].

8. Measurement of Specimens After Test

8.1 To determine the dimensions of the specimen cross
section for use in calculating modulus of rupture, take mea-
surements across one of the fractured faces after testing. The
width and depth are measured with the specimen as oriented
for testing. For each dimension, take one measurement at each
edge and one at the center of the cross section. Use the three
measurements for each direction to determine the average
width and the average depth. Take all measurements to the
nearest 1 mm [0.05 in.]. If the fracture occurs at a capped
section, include the cap thickness in the measurement.

9. Calculation

9.1 If the fracture initiates in the tension surface within the
middle third of the span length, calculate the modulus of
rupture as follows:

R 5
PL
bd2 (2)

where:
R = modulus of rupture, MPa [psi],
P = maximum applied load indicated by the testing machine,

N [lbf],
L = span length, mm [in.],
b = average width of specimen, mm [in.], at the fracture, and

d = average depth of specimen, mm [in.], at the fracture.
NOTE 5—The weight of the beam is not included in the above

calculation.

9.2 If the fracture occurs in the tension surface outside of
the middle third of the span length by not more than 5 % of the
span length, calculate the modulus of rupture as follows:

R 5
3Pa
bd 2 (3)

where:
a = average distance between line of fracture and the nearest

support measured on the tension surface of the beam,
mm [in.].

NOTE 6—The weight of the beam is not included in the above
calculation.

9.3 If the fracture occurs in the tension surface outside of
the middle third of the span length by more than 5 % of the
span length, discard the results of the test.

10. Report

10.1 Report the following information:
10.1.1 Identification number,
10.1.2 Average width to the nearest 1 mm [0.05 in.],
10.1.3 Average depth to the nearest 1 mm [0.05 in.],
10.1.4 Span length in mm [in.],
10.1.5 Maximum applied load in N [lbf],
10.1.6 Modulus of rupture calculated to the nearest

0.05 MPa [5 psi],
10.1.7 Curing history and apparent moisture condition of

the specimens at the time of test,
10.1.8 If specimens were capped, ground, or if leather shims

were used,
10.1.9 Whether sawed or molded and defects in specimens,

and
10.1.10 Age of specimens.

11. Precision and Bias

11.1 Precision:
11.1.1 Single-Operator Precision—The single operator

standard deviation for test determinations has been found to be
0.25 MPa [37 psi] and to be independent of the beam sizes
used in the interlaboratory study (ILS) (Note 7). Therefore, the
modulus of rupture from two properly conducted tests by the
same operator on specimens of the same material (same batch
of concrete), using the same size specimen (100 mm [4 in.] or
150 mm [6 in.] deep beams), is not expected to differ by more
than 0.72 MPa [104 psi].6

11.1.2 Multi-Laboratory Precision—The multilaboratory
coefficient of variation for test determinations has been found
to be as shown in the third column of Table 1. The coefficient
of variation was found to be similar for both specimen sizes
used in the ILS for modulus of rupture between 4.2 MPa and
5.5 MPa [600 psi and 800 psi]. A higher multilaboratory
coefficient of variation was observed for 100 mm [4 in.] deep
beams for modulus of rupture near 6.9 MPa [1000 psi].
Therefore, the modulus of rupture from two properly con-
ducted tests by two different laboratories on specimens of the
same material (same batch of concrete) and beam size are not

6 This number represents the difference limit (d2s) as described in Practice C670.

TABLE 1 Multilaboratory Precision

Beam
Depth,

in. [mm]

Modulus of
Rupture,
psi [MPa]

Coefficient
of Variation

Acceptable
Difference
Between
Two Test

Determinations
(percentage of
their average)A

100 mm [4 in.]
4.1 MPa to 5.5 MPa
[600 psi to 800 psi]

6.1 % 17.1 %

100 mm [4 in.]
6.9 MPa

[1000 psi]
11.4 % 31.8 %

150 mm [6 in.]
4.1 MPa to 6.9 MPa
[600 psi to 1000 psi]

6.9 % 19.3 %

AThese numbers represent the difference limit (d2s %) as described in Practice
C670.
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expected to differ from each other by more than the value in the
fourth column of Table 1. The acceptable difference between
two test determinations is expressed as a percentage of their
average.

NOTE 7—The precision of this test method was determined from an
interlaboratory study conducted in 2016. The study involved three
concrete mixtures with modulus of rupture values of approximately
4.1 MPa [600 psi], 5.5 MPa [800 psi] and 6.9 MPa [1000 psi]. Two beam
sizes were used: 100 mm by 100 mm by 355 mm [4 in. by 4 in. by 14 in.]
and 150 mm by 150 mm by 533 mm [6 in. by 6 in. by 21 in.]. Three test
determinations were conducted for each combination of specimen size and
concrete mixture. The number of laboratories used for determining the
precision varied from 10 to 17 depending on the concrete mixture and
beam size. The data used to develop the precision statement were obtained
using the inch-pound version of this test method. The precision indexes
shown in SI units are exact conversions of the values in inch-pound units.
Supporting data have been filed at ASTM Headquarters and may be
obtained by requesting Research Report RR:C09-1050.7

NOTE 8—The results for each test condition (specimen size and
concrete strength) include data from 3 to 5 laboratories that used hand
operated testing machines with paper charts for reading the ultimate force.
For the 100 mm [4 in.] deep beams, these machines resulted in higher
single-operator variability in mixtures with strengths between 4.1 MPa to
5.5 MPa [600 psi and 800 psi], as well as higher multilaboratory variabil-
ity in all mixtures. For the 150 mm [6 in.] deep beams, these machines
resulted in higher variability only for the mixture with flexural strength of
approximately 6.9 MPa [1000 psi]. Refer to Research Report RR:C09-
1050 (Appendix J) for a discussion of possible reasons why these
machines may have resulted in higher variability.

11.2 Bias—Because there is no accepted standard for deter-
mining bias in this test method, no statement on bias is made.

12. Keywords

12.1 beams; concrete; flexural strength testing; modulus of
rupture

SUMMARY OF CHANGES

Committee C09 has identified the location of selected changes to this test method since the last issue,
C78/C78M – 18, that may impact the use of this test method. (Approved March 1, 2021.)

(1) Section 5.2.6 was revised.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/

7 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:C09-1050. Contact ASTM Customer
Service at service@astm.org.
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Designation: C39/C39M − 20

Standard Test Method for
Compressive Strength of Cylindrical Concrete Specimens1

This standard is issued under the fixed designation C39/C39M; the number immediately following the designation indicates the year of
original adoption 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.

This standard has been approved for use by agencies of the U.S. Department of Defense.

1. Scope*

1.1 This test method covers determination of compressive
strength of cylindrical concrete specimens such as molded
cylinders and drilled cores. It is limited to concrete having a
density in excess of 800 kg/m3 [50 lb/ft3].

1.2 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The inch-pound units
are shown in brackets. The values stated in each system may
not be exact equivalents; therefore, each system shall be used
independently of the other. Combining values from the two
systems may result in non-conformance with 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, health, and environmental practices and deter-
mine the applicability of regulatory limitations prior to
use.(Warning—Means should be provided to contain concrete
fragments during sudden rupture of specimens. Tendency for
sudden rupture increases with increasing concrete strength and
it is more likely when the testing machine is relatively flexible.
The safety precautions given in R0030 are recommended.)

1.4 The text of this standard references notes which provide
explanatory material. These notes shall not be considered as
requirements of the standard.

1.5 This international standard was developed in accor-
dance with internationally recognized principles on standard-
ization established in the Decision on Principles for the
Development of International Standards, Guides and Recom-
mendations issued by the World Trade Organization Technical
Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:2

C31/C31M Practice for Making and Curing Concrete Test
Specimens in the Field

C42/C42M Test Method for Obtaining and Testing Drilled
Cores and Sawed Beams of Concrete

C125 Terminology Relating to Concrete and Concrete Ag-
gregates

C192/C192M Practice for Making and Curing Concrete Test
Specimens in the Laboratory

C617/C617M Practice for Capping Cylindrical Concrete
Specimens

C670 Practice for Preparing Precision and Bias Statements
for Test Methods for Construction Materials

C873/C873M Test Method for Compressive Strength of
Concrete Cylinders Cast in Place in Cylindrical Molds

C943 Practice for Making Test Cylinders and Prisms for
Determining Strength and Density of Preplaced-
Aggregate Concrete in the Laboratory

C1077 Practice for Agencies Testing Concrete and Concrete
Aggregates for Use in Construction and Criteria for
Testing Agency Evaluation

C1176/C1176M Practice for Making Roller-Compacted
Concrete in Cylinder Molds Using a Vibrating Table

C1231/C1231M Practice for Use of Unbonded Caps in
Determination of Compressive Strength of Hardened Cy-
lindrical Concrete Specimens

C1435/C1435M Practice for Molding Roller-Compacted
Concrete in Cylinder Molds Using a Vibrating Hammer

C1604/C1604M Test Method for Obtaining and Testing
Drilled Cores of Shotcrete

E4 Practices for Force Verification of Testing Machines
E18 Test Methods for Rockwell Hardness of Metallic Ma-

terials
1 This test method is under the jurisdiction of ASTM Committee C09 on

Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee
C09.61 on Testing for Strength.

Current edition approved Feb. 1, 2020. Published March 2020. Originally
approved in 1921. Last previous edition approved in 2018 as C39/C39M – 18. DOI:
10.1520/C0039_C0039M-20.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

*A Summary of Changes section appears at the end of this standard

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959. United States

This international standard was developed in accordance with internationally recognized principles on standardization established in the Decision on Principles for the
Development of International Standards, Guides and Recommendations issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.
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E74 Practices for Calibration and Verification for Force-
Measuring Instruments

R0030 Manual of Aggregate and Concrete Testing

3. Terminology

3.1 Definitions—For definitions of terms used in this
practice, refer to Terminology C125.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 bearing block, n—steel piece to distribute the load

from the testing machine to the specimen.

3.2.2 lower bearing block, n—steel piece placed under the
specimen to distribute the load from the testing machine to the
specimen.

3.2.2.1 Discussion—The lower bearing block provides a
readily machinable surface for maintaining the specified bear-
ing surface. The lower bearing block may also be used to adapt
the testing machine to various specimen heights. The lower
bearing block is also referred to as bottom block, plain block,
and false platen.

3.2.3 platen, n—primary bearing surface of the testing
machine.

3.2.3.1 Discussion—The platen is also referred to as the
testing machine table.

3.2.4 spacer, n—steel piece used to elevate the lower bear-
ing block to accommodate test specimens of various heights.

3.2.4.1 Discussion—Spacers are not required to have hard-
ened bearing faces because spacers are not in direct contact
with the specimen or the retainers of unbonded caps.

3.2.5 upper bearing block, n—steel assembly suspended
above the specimen that is capable of tilting to bear uniformly
on the top of the specimen.

3.2.5.1 Discussion—The upper bearing block is also re-
ferred to as the spherically seated block and the suspended
block.

4. Summary of Test Method

4.1 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 compressive
strength of the specimen is calculated by dividing the maxi-
mum load attained during the test by the cross-sectional area of
the specimen.

5. Significance and Use

5.1 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 fabrication
and the age, temperature, and moisture conditions during
curing.

5.2 This test method is used to determine compressive
strength of cylindrical specimens prepared and cured in accor-
dance with Practices C31/C31M, C192/C192M, C617/C617M,

C943, C1176/C1176M, C1231/C1231M, and C1435/C1435M,
and Test Methods C42/C42M, C873/C873M, and C1604/
C1604M.

5.3 The results of this test method are used as a basis for
quality control of concrete proportioning, mixing, and placing
operations; determination of compliance with specifications;
control for evaluating effectiveness of admixtures; and similar
uses.

5.4 The individual who tests concrete cylinders for accep-
tance testing shall meet the concrete laboratory technician
requirements of Practice C1077, including an examination
requiring performance demonstration that is evaluated by an
independent examiner.

NOTE 1—Certification equivalent to the minimum guidelines for ACI
Concrete Laboratory Technician, Level I or ACI Concrete Strength
Testing Technician will satisfy this requirement.

6. Apparatus

6.1 Testing Machine—The testing machine shall be of a type
having sufficient capacity and capable of providing the rates of
loading prescribed in 8.5.

6.1.1 Verify the accuracy of the testing machine in accor-
dance with Practices E4, except that the verified loading range
shall be as required in 6.4. Verification is required:

6.1.1.1 Within 13 months of the last calibration,
6.1.1.2 On original installation or immediately after

relocation,
6.1.1.3 Immediately after making repairs or adjustments

that affect the operation of the force applying system or the
values displayed on the load indicating system, except for zero
adjustments that compensate for the mass of bearing blocks or
specimen, or both, or

6.1.1.4 Whenever there is reason to suspect the accuracy of
the indicated loads.

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

6.1.2.1 The machine must be power operated and must
apply the load continuously rather than intermittently, and
without shock. If it has only one loading rate (meeting the
requirements of 8.5), it must be provided with a supplemental
means for loading at a rate suitable for verification. This
supplemental means of loading may be power or hand oper-
ated.

6.1.2.2 The space provided for test specimens shall be large
enough to accommodate, in a readable position, an elastic
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 E74.

NOTE 2—The types of elastic calibration devices most generally
available and most commonly used for this purpose are the circular
proving ring or load cell.

6.1.3 Accuracy—The accuracy of the testing machine shall
be in accordance with the following provisions:

6.1.3.1 The percentage of error for the loads within the
proposed range of use of the testing machine shall not exceed
61.0 % of the indicated load.
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6.1.3.2 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 differ-
ence between the maximum and minimum test loads.

6.1.3.3 The test load as indicated by the testing machine and
the applied load computed from the readings of the verification
device shall be recorded at each test point. Calculate the error,
E, and the percentage of error, Ep, for each point from these
data as follows:

E 5 A 2 B (1)

Ep 5 100~A 2 B!/B

where:
A = load, kN [lbf] indicated by the machine being verified,

and
B = applied load, kN [lbf] as determined by the calibrating

device.

6.1.3.4 The report on the verification of a testing machine
shall state within what loading range it was found to conform
to specification requirements rather than reporting a blanket
acceptance or rejection. In no case shall the loading range be
stated as including loads below the value which is 100 times
the smallest change of load estimable on the load-indicating
mechanism of the testing machine or loads within that portion
of the range below 10 % of the maximum range capacity.

6.1.3.5 In no case shall the loading range be stated as
including loads outside the range of loads applied during the
verification test.

6.1.3.6 The indicated load of a testing machine shall not be
corrected either by calculation or by the use of a calibration
diagram to obtain values within the required permissible
variation.

6.2 Bearing Blocks—The upper and lower bearing blocks
shall conform to the following requirements:

6.2.1 Bearing blocks shall be steel with hardened bearing
faces (Note 3).

6.2.2 Bearing faces shall have dimensions at least 3 %
greater than the nominal diameter of the specimen.

6.2.3 Except for the inscribed concentric circles described
in 6.2.4.7, the bearing faces shall not depart from a plane by
more than 0.02 mm [0.001 in.] along any 150 mm [6 in.] length
for bearing blocks with a diameter of 150 mm [6 in.] or larger,
or by more than 0.02 mm [0.001 in.] in any direction of smaller
bearing blocks. New bearing blocks shall be manufactured
within one half of this tolerance.

NOTE 3—It is desirable that the bearing faces of bearing blocks have a
Rockwell hardness at least 55 HRC as determined by Test Methods E18.

NOTE 4—Square bearing faces are permissible for the bearing blocks.

6.2.4 Upper Bearing Block—The upper bearing block shall
conform to the following requirements:

6.2.4.1 The upper bearing block shall be spherically seated
and the center of the sphere shall coincide with the center of the
bearing face within 65 % of the radius of the sphere.

6.2.4.2 The ball and the socket shall be designed so that the
steel in the contact area does not permanently deform when
loaded to the capacity of the testing machine.

NOTE 5—The preferred contact area is in the form of a ring (described
as preferred bearing area) as shown in Fig. 1.

6.2.4.3 Provision shall be made for holding the upper
bearing block in the socket. The design shall be such that the
bearing face can be rotated and tilted at least 4° in any
direction.

6.2.4.4 If the upper bearing block is a two-piece design
composed of a spherical portion and a bearing plate, a
mechanical means shall be provided to ensure that the spherical
portion is fixed and centered on the bearing plate.

6.2.4.5 The diameter of the sphere shall be at least 75 % of
the nominal diameter of the specimen. If the diameter of the
sphere is smaller than the diameter of the specimen, the portion
of the bearing face extending beyond the sphere shall have a
thickness not less than the difference between the radius of the
sphere and radius of the specimen (see Fig. 1). The least
dimension of the bearing face shall be at least as great as the
diameter of the sphere.

6.2.4.6 The dimensions of the bearing face of the upper
bearing block shall not exceed the following values:

Nominal Diameter
of Specimen,

mm [in.]

Maximum Diameter
of Round Bearing

Face, mm [in.]

Maximum Dimensions
of Square Bearing

Face, mm [in.]
50 [2] 105 [4] 105 by 105 [4 by 4]
75 [3] 130 [5] 130 by 130 [5 by 5]
100 [4] 165 [6.5] 165 by 165 [6.5 by 6.5]
150 [6] 255 [10] 255 by 255 [10 by 10]
200 [8] 280 [11] 280 by 280 [11 by 11]

6.2.4.7 If the diameter of the bearing face of the upper
bearing block exceeds the nominal diameter of the specimen by
more than 13 mm [0.5 in.], concentric circles not more than 0.8
mm [0.03 in.] deep and not more than 1 mm [0.04 in.] wide
shall be inscribed on the face of upper bearing block to
facilitate proper centering.

T ≥ R – r
r = radius of spherical portion of upper bearing block
R = nominal radius of specimen
T = thickness of upper bearing block extending beyond the

sphere
FIG. 1 Schematic Sketch of Typical Upper Bearing Block
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6.2.4.8 At least every six months, or as specified by the
manufacturer of the testing machine, clean and lubricate the
curved surfaces of the socket and of the spherical portion of the
upper bearing block. The lubricant shall be a petroleum-type
oil such as conventional motor oil or as specified by the
manufacturer of the testing machine.

NOTE 6—To ensure uniform seating, the upper bearing block is
designed to tilt freely as it comes into contact with the top of the specimen.
After contact, further rotation is undesirable. Friction between the socket
and the spherical portion of the head provides restraint against further
rotation during loading. Pressure-type greases can reduce the desired
friction and permit undesired rotation of the spherical head and should not
be used unless recommended by the manufacturer of the testing machine.
Petroleum-type oil such as conventional motor oil has been shown to
permit the necessary friction to develop.

6.2.5 Lower Bearing Block—The lower bearing block shall
conform to the following requirements:

6.2.5.1 The lower bearing block shall be solid.
6.2.5.2 The top and bottom surfaces of the lower bearing

block shall be parallel to each other.
6.2.5.3 The lower bearing block shall be at least 25 mm

[1.0 in.] thick when new, and at least 22.5 mm [0.9 in.] thick
after resurfacing.

6.2.5.4 The lower bearing block shall be fully supported by
the platen of the testing machine or by any spacers used.

6.2.5.5 If the testing machine is designed that the platen
itself is readily maintained in the specified surface condition, a
lower bearing block is not required.

NOTE 7—The lower bearing block may be fastened to the platen of the
testing machine.

NOTE 8—Inscribed concentric circles as described in 6.2.4.7 are
optional on the lower bearing block.

6.3 Spacers—If spacers are used, the spacers shall be placed
under the lower bearing block and shall conform to the
following requirements:

6.3.1 Spacers shall be solid steel. One vertical opening
located in the center of the spacer is permissible. The maxi-
mum diameter of the vertical opening is 19 mm [0.75 in.].

6.3.2 The top and bottom surfaces of the spacer shall be
parallel to each other.

6.3.3 Spacers shall be fully supported by the platen of the
test machine.

6.3.4 Spacers shall fully support the lower bearing block
and any spacers above.

6.3.5 Spacers shall not be in direct contact with the speci-
men or the retainers of unbonded caps.

6.4 Load Indication—The testing machine shall be equipped
with either a dial or digital load indicator.

6.4.1 The verified loading range shall not include loads less
than 100 times the smallest change of load that can be read.

6.4.2 A means shall be provided that will record, or indicate
until reset, the maximum load to an accuracy within 1.0 % of
the load.

6.4.3 If the load is displayed on a dial, the graduated scale
shall be readable to at least the nearest 0.1 % of the full scale
load (Note 9). The dial shall be readable within 1.0 % of the
indicated load at any given load level within the loading range.
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 graduations.
The scale shall be provided with a labeled graduation line load
corresponding to zero load. Each dial shall be equipped with a
zero adjustment located outside the dial case and accessible
from the front of the machine while observing the zero mark
and dial pointer.

NOTE 9—Readability is considered to be 0.5 mm [0.02 in.] along the arc
described by the end of the pointer. If the spacing is between 1 and 2 mm
[0.04 and 0.08 in.], one half of a scale interval is considered readable. If
the spacing is between 2 and 3 mm [0.08 and 0.12 in.], one third of a scale
interval is considered readable. If the spacing is 3 mm [0.12 in.] or more,
one fourth of a scale interval is considered readable.

6.4.4 If the load is displayed in digital form, the numbers
must be large enough to be read. The numerical increment shall
not exceed 0.1 % of the full scale load of a given loading range.
Provision shall be made for adjusting the display to indicate a
value of zero when no load is applied to the specimen.

6.5 Documentation of the calibration and maintenance of
the testing machine shall be in accordance with Practice
C1077.

7. Specimens

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

NOTE 10—This may occur when single use molds are damaged or
deformed during shipment, when flexible single use molds are deformed
during molding, or when a core drill deflects or shifts during drilling.

7.2 Prior to testing, neither end of test specimens shall
depart from perpendicularity to the axis by more than 0.5°
(approximately equivalent to 1 mm in 100 mm [0.12 in. in 12
in.]). The ends of compression test specimens that are not plane
within 0.050 mm [0.002 in.] shall be sawed or ground to meet
that tolerance, or capped in accordance with either Practice
C617/C617M or, when permitted, Practice C1231/C1231M.
The diameter used for calculating the cross-sectional area of
the test specimen shall be determined to the nearest 0.25 mm
[0.01 in.] by averaging two diameters measured at right angles
to each other at about midheight of the specimen.

7.3 The number of individual cylinders measured for deter-
mination of average diameter is not prohibited from being
reduced to one for each ten specimens or three specimens per
day, whichever is greater, if all cylinders are known to have
been made from a single lot of reusable or single-use molds
which consistently produce specimens with average diameters
within a range of 0.5 mm [0.02 in.]. When the average
diameters do not fall within the range of 0.5 mm [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 specimen.
When the diameters are measured at the reduced frequency, the
cross-sectional areas of all cylinders tested on that day shall be
computed from the average of the diameters of the three or
more cylinders representing the group tested that day.

7.4 If the purchaser of the testing services or the specifier of
the tests requests measurement of the specimen density, deter-
mine the specimen density before capping by either 7.4.1

C39/C39M − 20

4

 

C
O

P
IA

 N
O

 C
O

N
T

R
O

L
A

D
A

 -
 U

S
O

 E
X

C
L

U
S

IV
O

 C
O

N
 F

IN
E

S
 E

D
U

C
A

T
IV

O
S

 -
 L

IC
E

N
C

IA
 O

T
O

R
G

A
D

A
 P

A
R

A
 L

A
B

O
R

A
T

O
R

IO
 L

H



(specimen dimension method) or 7.4.2 (submerged weighing
method). For either method, use a balance or scale that is
accurate to within 0.3 % of the mass being measured.

7.4.1 Remove any surface moisture with a towel and mea-
sure the mass of the specimen. Measure the length of the
specimen to the nearest 1 mm [0.05 in.] at three locations
spaced evenly around the circumference. Compute the average
length and record to the nearest 1 mm [0.05 in.].

7.4.2 Remove any surface moisture with a towel and deter-
mine the mass of the specimen in air. Submerge the specimen
in water at a temperature of 23.0 6 2.0°C [73.5 6 3.5°F] for
15 6 5 sec. Then, determine the apparent mass of the specimen
while submerged under water.

7.5 When density determination is not required and the
length to diameter ratio is less than 1.8 or more than 2.2,
measure the length of the specimen to the nearest 0.05 D.

8. Procedure

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

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

8.3 Tolerances for specimen ages are as follows:
Test AgeA Permissible Tolerance

24 h ±0.5 h
3 days ±2 h
7 days ±6 h
28 days ±20 h
90 days ±2 days

AFor test ages not listed, the test age tolerance is ±2.0% of the specified age.

8.3.1 Unless otherwise specified by the specifier of tests, for
this test method the test age shall start at the beginning of
casting specimens.

8.4 Placing the Specimen—Place the lower bearing block,
with the hardened face up, on the table or platen of the testing
machine. Wipe clean the bearing faces of the upper and lower
bearing blocks, spacers if used, and of the specimen. If using
unbonded caps, wipe clean the bearing surfaces of the retainers
and center the unbonded caps on the specimen. Place the
specimen on the lower bearing block and align the axis of the
specimen with the center of thrust of the upper bearing block.

NOTE 11—Although the lower bearing block may have inscribed
concentric circles to assist with centering the specimen, final alignment is
made with reference to the upper bearing block.

8.4.1 Zero Verification and Block Seating—Prior to testing
the specimen, verify that the load indicator is set to zero. In
cases where the indicator is not properly set to zero, adjust the
indicator (Note 12). After placing the specimen in the machine
but prior to applying the load on the specimen, tilt the movable
portion of the spherically seated block gently by hand so that
the bearing face appears to be parallel to the top of the test
specimen.

NOTE 12—The technique used to verify and adjust load indicator to zero

will vary depending on the machine manufacturer. Consult your owner’s
manual or compression machine calibrator for the proper technique.

8.4.2 Verification of Alignment When Using Unbonded
Caps—If using unbonded caps, verify the alignment of the
specimen after application of load, but before reaching 10 % of
the anticipated specimen strength. Check to see that the axis of
the cylinder does not depart from vertical by more than 0.5°
(Note 13) and that the ends of the cylinder are centered within
the retaining rings. If the cylinder alignment does not meet
these requirements, release the load, and carefully recenter the
specimen. Reapply load and recheck specimen centering and
alignment. A pause in load application to check cylinder
alignment is permissible.

NOTE 13—An angle of 0.5° is equal to a slope of approximately 1 mm
in 100 mm [1⁄8 inches in 12 inches]

8.5 Rate of Loading—Apply the load continuously and
without shock.

8.5.1 The load shall be applied at a rate of movement (platen
to crosshead measurement) corresponding to a stress rate on
the specimen of 0.25 6 0.05 MPa/s [35 6 7 psi/s] (see Note
14). The designated rate of movement shall be maintained at
least during the latter half of the anticipated loading phase.

NOTE 14—For a screw-driven or displacement-controlled testing
machine, preliminary testing will be necessary to establish the required
rate of movement to achieve the specified stress rate. The required rate of
movement will depend on the size of the test specimen, the elastic
modulus of the concrete, and the stiffness of the testing machine.

8.5.2 During application of the first half of the anticipated
loading phase, a higher rate of loading shall be permitted. The
higher loading rate shall be applied in a controlled manner so
that the specimen is not subjected to shock loading.

8.5.3 Make no adjustment in the rate of movement (platen to
crosshead) as the ultimate load is being approached and the
stress rate decreases due to cracking in the specimen.

8.6 Apply the compressive load until the load indicator
shows that the load is decreasing steadily and the specimen
displays a well-defined fracture pattern (Types 1 to 4 in Fig. 2).
For a testing machine equipped with a specimen break detector,
automatic shut-off of the testing machine is prohibited until the
load has dropped to a value that is less than 95 % of the peak
load. When testing with unbonded caps, a corner fracture
similar to a Type 5 or 6 pattern shown in Fig. 2 may occur
before the ultimate capacity of the specimen has been attained.
Continue compressing the specimen until the user is certain
that the ultimate capacity has been attained. Record the
maximum load carried by the specimen during the test, and
note the type of fracture pattern according to Fig. 2. If the
fracture pattern is not one of the typical patterns shown in Fig.
2, sketch and describe briefly the fracture pattern. If the
measured strength is lower than expected, examine the frac-
tured concrete and note the presence of large air voids,
evidence of segregation, whether fractures pass predominantly
around or through the coarse aggregate particles, and verify
end preparations were in accordance with Practice C617/
C617M or Practice C1231/C1231M.
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9. Calculation

9.1 Calculate the compressive strength of the specimen as
follows:

SI units:

fcm 5
4000Pmax

πD2 (2)

Inch-pound units:

fcm 5
4 Pmax

π D2 (3)

where:
ƒcm = compressive strength, MPa [psi],
Pmax = maximum load, kN [lbf], and
D = average measured diameter, mm [in.].

Use at least five digits for the value of π, that is, use 3.1416
or a more precise value.

9.2 If the specimen length to diameter ratio is 1.75 or less,
correct the result obtained in 9.1 by multiplying by the
appropriate correction factor shown in the following table:

L/D: 1.75 1.50 1.25 1.00
Factor: 0.98 0.96 0.93 0.87

Use interpolation to determine correction factors for L/D
values between those given in the table.

NOTE 15—Correction factors depend on various conditions such as
moisture condition, strength level, and elastic modulus. Average values are
given in the table. These correction factors apply to low-density concrete
weighing between 1600 and 1920 kg/m3 [100 and 120 lb/ft3] and to
normal-density concrete. They are applicable to concrete dry or soaked at
the time of loading and for nominal concrete strengths from 14 to 42 MPa
[2000 to 6000 psi]. For strengths higher than 42 MPa [6000 psi] correction
factors may be larger than the values listed above3.

9.3 If required, calculate the specimen density to the nearest
10 kg/m3 [1 lb/ft3] using the applicable method.

9.3.1 If specimen density is determined based on specimen
dimensions, calculate specimen density as follows:

SI units:

ρ s 5
4 3 109 3 W
L 3 D2 3 π (4)

Inch-pound units:

F ρ s 5
6912 3 W

L 3 D2 3 π G (5)

where:
ρs = specimen density, kg/m3 [lb ⁄ft3],

3 Bartlett, F.M. and MacGregor, J.G., “Effect of Core Length-to-Diameter Ratio
on Concrete Core Strength,”ACI Materials Journal, Vol 91, No. 4, July-August,
1994, pp. 339–348.

FIG. 2 Schematic of Typical Fracture Patterns
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W = mass of specimen in air, kg [lb],
L = average measured length, mm [in.], and
D = average measured diameter, mm [in.].

9.3.2 If the specimen density is based on submerged
weighing, calculate the specimen density as follows:

ρ s 5
W 3 γw

W 2 Ws

(6)

where:
ρs = specimen density, kg/m3 [lb ⁄ft3],
W = mass of specimen in air, kg [lb],
Ws = apparent mass of submerged specimen, kg [lb], and
γw = density of water at 23°C [73.5°F] = 997.5 kg/

m3 [62.27 lb/ft3].

10. Report

10.1 Report the following information:
10.1.1 Identification number,
10.1.2 Average measured diameter (and measured length, if

outside the range of 1.8 D to 2.2 D), in millimetres [inches],
10.1.3 Cross-sectional area, in square millimetres [square

inches],
10.1.4 Maximum load, in kilonewtons [pounds-force],
10.1.5 Compressive strength rounded to the nearest 0.1 MPa

[10 psi],
10.1.6 If the average of two or more companion cylinders

tested at the same age is reported, calculate the average
compressive strength using the unrounded individual compres-
sive strength values. Report the average compressive-strength
rounded to the nearest 0.1 MPa [10 psi].

10.1.7 Type of fracture (see Fig. 2),
10.1.8 Defects in either specimen or caps,
10.1.9 Age of specimen at time of testing. Report age in

days for ages three days or greater, report age in hours if the
age is less than three days,

NOTE 16—If software limitations prevent reporting the specimen age in
hours, the age of the specimen in hours may be included in a note in the
report.

10.1.10 If determined, the density to the nearest 10 kg/
m3 [1 lb ⁄ft3].

11. Precision and Bias

11.1 Precision
11.1.1 Single-Operator Precision—The following table pro-

vides the single-operator precision of tests of 150 by 300 mm
[6 by 12 in.] and 100 by 200 mm [4 by 8 in.] cylinders made
from a well-mixed sample of concrete under laboratory con-
ditions and under field conditions (see 11.1.2).

Coefficient of
Variation4

Acceptable Range4 of
Individual Cylinder Strengths
2 cylinders 3 cylinders

150 by 300 mm
[6 by 12 in.]

Laboratory conditions 2.4 % 6.6 % 7.8 %
Field conditions 2.9 % 8.0 % 9.5 %

100 by 200 mm
[4 by 8 in.]

Laboratory conditions 3.2 % 9.0 % 10.6 %

11.1.2 The single-operator coefficient of variation repre-
sents the expected variation of measured strength of compan-
ion cylinders prepared from the same sample of concrete and
tested by one laboratory at the same age. The values given for
the single-operator coefficient of variation of 150 by 300 mm
[6 by 12 in.] cylinders are applicable for compressive strengths
between 15 to 55 MPa [2000 to 8000 psi] and those for 100 by
200 mm [4 by 8 in.] cylinders are applicable for compressive
strengths between 17 to 32 MPa [2500 and 4700 psi]. The
single-operator coefficients of variation for 150 by 300 mm [6
by 12 in.] cylinders are derived from CCRL concrete profi-
ciency sample data for laboratory conditions and a collection of
1265 test reports from 225 commercial testing laboratories in
1978.5 The single-operator coefficient of variation of 100 by
200 mm [4 by 8 in.] cylinders are derived from CCRL concrete
proficiency sample data for laboratory conditions.

11.1.3 Multilaboratory Precision—The multi-laboratory co-
efficient of variation for compressive strength test results of
150 by 300 mm [6 by 12 in.] cylinders has been found to be
5.0 %4; therefore, the results of properly conducted tests by
two laboratories on specimens prepared from the same sample
of concrete are not expected to differ by more than 14 %4 of the
average (see Note 17). A strength test result is the average of
two cylinders tested at the same age.

NOTE 17—The multilaboratory precision does not include variations
associated with different operators preparing test specimens from split or
independent samples of concrete. These variations are expected to
increase the multilaboratory coefficient of variation.

11.1.4 The multilaboratory data were obtained from six
separate organized strength testing round robin programs
where 150 by 300 mm [6 by 12 in.] cylindrical specimens were
prepared at a single location and tested by different laborato-
ries. The range of average strength from these programs was
17.0 to 90 MPa [2500 to 13 000 psi].

NOTE 18—Subcommittee C09.61 will continue to examine recent
concrete proficiency sample data and field test data and make revisions to
precisions statements when data indicate that they can be extended to
cover a wider range of strengths and specimen sizes.

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

12. Keywords

12.1 concrete core; concrete cylinder; concrete specimen;
concrete strength; compressive strength; core; cylinder; drilled
core; strength

4 These numbers represent respectively the (1s %) and (d2s %) limits as
described in Practice C670.

5 Supporting data have been filed at ASTM International Headquarters and may
be obtained by requesting Research Report RR:C09-1006. Contact ASTM Customer
Service at service@astm.org.
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SUMMARY OF CHANGES

Committee C09 has identified the location of selected changes to this standard since the last issue
(C39/C39M–18) that may impact the use of this standard. (Approved Feb. 1, 2020)

(1) Revised 9.1 to specify the minimum precision of π.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org). Permission rights to photocopy the standard may also be secured from the Copyright Clearance Center, 222
Rosewood Drive, Danvers, MA 01923, Tel: (978) 646-2600; http://www.copyright.com/
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Después del capítulo 9 de la Norma UNE-EN 12390-8:2009 se introduce el siguiente anexo nacional A (informativo)Después del capítulo 9 de la Norma UNE-EN 12390-8:2009 se introduce el siguiente anexo nacional A (informativo)

ANEXO NACIONAL A (Informativo)ANEXO NACIONAL A (Informativo)

DETERMINACIÓN DE LA PROFUNDIDAD MEDIA DE PENETRACIÓN DE AGUA BAJO PRESIÓNDETERMINACIÓN DE LA PROFUNDIDAD MEDIA DE PENETRACIÓN DE AGUA BAJO PRESIÓN

A.0 IntroducciónA.0 Introducción

La Instrucción de Hormigón Estructural (EHE-08) establece en sus apartados 37.3.3.La Instrucción de Hormigón Estructural (EHE-08) establece en sus apartados 37.3.3.  Impermeabilidad del  Impermeabilidad del hormigónhormigón y y
86.3.3.86.3.3.  Ensayos  Ensayos de de penetración penetración de de agua agua en en el el hormigónhormigón, una especificación para la medida de la profundidad de, una especificación para la medida de la profundidad de
 penetración media de agua bajo presión  penetración media de agua bajo presión en el hormigón endurecido.en el hormigón endurecido.

La Norma UNE-EN 12390-8 establece un método para la determinación de la profundidad de penetración máxima peroLa Norma UNE-EN 12390-8 establece un método para la determinación de la profundidad de penetración máxima pero
no para la determinación de la penetración media.no para la determinación de la penetración media.

Este anexo nacional no modifica el método de determinación de la profundidad de penetración máxima de agua bajoEste anexo nacional no modifica el método de determinación de la profundidad de penetración máxima de agua bajo
 presión  presión en en hormigón hormigón endurecido endurecido establecido establecido en en la la Norma Norma UNE-EN UNE-EN 12390-8, 12390-8, sino sino que que amplía amplía el el procedimiento procedimiento dede
obtención de resultados de dicha norma para incluir un procedimiento de cálculo para la profundidad media de agua ba-obtención de resultados de dicha norma para incluir un procedimiento de cálculo para la profundidad media de agua ba-
 jo presión. jo presión.

En este anexo sólo se incluyen aquellos apartados que se han añadido o complementan los correspondientes apartadosEn este anexo sólo se incluyen aquellos apartados que se han añadido o complementan los correspondientes apartadosde la Norma UNE-EN 12390-8.de la Norma UNE-EN 12390-8.

A.1 A.1 Objeto y Objeto y campo campo de de aplicaciónaplicación

Este anexo, junto con la Norma UNE-EN 12390-8, especifica un método para determinar la profundidad media deEste anexo, junto con la Norma UNE-EN 12390-8, especifica un método para determinar la profundidad media de
 penetración de agua bajo presión en h penetración de agua bajo presión en hormigones endurecidos.ormigones endurecidos.

A.2 A.2 Normas Normas para para consultaconsulta

Los documentos que se citan a continuación son indispensables para la aplicación de esta norma. Únicamente esLos documentos que se citan a continuación son indispensables para la aplicación de esta norma. Únicamente es
aplicable la edición de aquellos documentos que aparecen con fecha de publicación. Por el contrario, se aplicará laaplicable la edición de aquellos documentos que aparecen con fecha de publicación. Por el contrario, se aplicará la
última edición (incluyendo cualquier modificación que existiera) de aquellos documentos que se encuentranúltima edición (incluyendo cualquier modificación que existiera) de aquellos documentos que se encuentran
referenciados sin fecha.referenciados sin fecha.

UNE-EN 12390-8UNE-EN 12390-8 Ensayos de hormigón endurecido. Parte 8: Profundidad de penetración de agua bajo presión. Ensayos de hormigón endurecido. Parte 8: Profundidad de penetración de agua bajo presión.  

A.3 A.3 Términos, Términos, definiciones definiciones y sy símbolosímbolos

A.3.1 A.3.1 Términos Términos y y definicionesdefiniciones

A.3.1.1 A.3.1.1 Frente Frente de de penetración:penetración: Lugar geométrico de los puntos hasta donde llega el agua al realizar el  Lugar geométrico de los puntos hasta donde llega el agua al realizar el ensayo.ensayo.

A.3.1.2 A.3.1.2 Profundidad Profundidad de de penetración:penetración: Distancia entre cada uno de los puntos del frente de penetración y la superfi- Distancia entre cada uno de los puntos del frente de penetración y la superfi-
cie de la probeta sobre la que se aplica la presión de agua.cie de la probeta sobre la que se aplica la presión de agua.

A.3.1.3 A.3.1.3 Profundidad Profundidad de de penetración penetración máxima:máxima: Valor máximo de la profundidad de penetración del agua bajo pre- Valor máximo de la profundidad de penetración del agua bajo pre-
sión determinada de acuerdo con el procedimiento descrito en el capítulo 6 de la Norma UNE-EN sión determinada de acuerdo con el procedimiento descrito en el capítulo 6 de la Norma UNE-EN 12390-8.12390-8.

A.3.1.4 A.3.1.4 Profundidad Profundidad de de penetración penetración media:media: Profundidad resultante de efectuar el cociente entre el área encerrada Profundidad resultante de efectuar el cociente entre el área encerrada

 por el frente de penetración y el diámetro o la arista de la pr por el frente de penetración y el diámetro o la arista de la probeta (véase la figura A.1).obeta (véase la figura A.1).

Este documento forma parte de la biblioteca de SIKA, Este documento forma parte de la biblioteca de SIKA, S.A.S.A.



    

  

Figura A.Figura A.
  

A.3.2 SímbolosA.3.2 Símbolos

 A A pf  pf    es es el el área área del del frente frente de de penetración, penetración, ee

  

d d    es es el el diámetro diámetro o o arista arista nominal nominal de de lala

 P  P mm   es es la la profundidad profundidad media media de de penetracipenetraci

  

 A A p p   es es el el área área del del papel papel empleado empleado en en elel
de penetración, en mmde penetración, en mm

22
..

 M  M  p p   es es la la masa masa del del papel papel empleado empleado en en elel

 M  M  pf  pf    es es la la masa masa del del papel papel cortado cortado empleaemplea

ción, en g.ción, en g.

A.4 A.4 Materiales Materiales (método (método recomendado)recomendado)

A.4.1A.4.1 Hojas de papel vegetal rectangular deHojas de papel vegetal rectangular de

A.4.2A.4.2 Rotulador indeleble que permita mar Rotulador indeleble que permita mar 

- - 3 3 - - UNE-EN UNE-EN 1239012390

  

Parámetros del frente de penetraciónParámetros del frente de penetración

mmmm
22
..

robeta, en mm.robeta, en mm.

n, en mm.n, en mm.

étodo recomendado para la determinación del área enétodo recomendado para la determinación del área en

étodo recomendado, en g.étodo recomendado, en g.

o en el método recomendado que representa la formao en el método recomendado que representa la forma

dimensiones mayores a las del área dimensiones mayores a las del área definida por el fredefinida por el fre

ar de forma clara el frente de penetración.ar de forma clara el frente de penetración.

8:2009/1M:20118:2009/1M:2011

cerrada por el frentecerrada por el frente

el frente de penetra-el frente de penetra-

te de penetración.te de penetración.

Este documento forma parte de la biblioteca de SIKA, Este documento forma parte de la biblioteca de SIKA, S.A.S.A.
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A.5 A.5 Aparatos Aparatos (método (método recomendado)recomendado)

A.5.1A.5.1 Balanza capaz de pesar con una precisión de 0,1 g.Balanza capaz de pesar con una precisión de 0,1 g.

A.5.2A.5.2 Regla graduada con resolución de 1 mm.Regla graduada con resolución de 1 mm.

A.6 ProcedimientoA.6 Procedimiento

A.6.1 A.6.1 Cálculo de Cálculo de la profundidad media la profundidad media de penetraciónde penetración

La profundidad media de penetración se calcula mediante la expresión:La profundidad media de penetración se calcula mediante la expresión:

 P  P mm = = A A pf  pf  / /dd

El resultado del cálculo se redondea al mm más próximo.El resultado del cálculo se redondea al mm más próximo.

El área encerrada por el frente de penetración se determina sobre la superficie de fractura que resulta al efectuar elEl área encerrada por el frente de penetración se determina sobre la superficie de fractura que resulta al efectuar el
ensayo de determinación de la profundidad máxima de penetración según el procedimiento descrito en el capítulo 6 deensayo de determinación de la profundidad máxima de penetración según el procedimiento descrito en el capítulo 6 de
la Norma UNE-EN 12390-8.la Norma UNE-EN 12390-8.

Para el cálculo del área encerrada por el frente de penetración se pueden aplicar distintos procedimientos, pero por suPara el cálculo del área encerrada por el frente de penetración se pueden aplicar distintos procedimientos, pero por su
simplicidad, se recomienda seguir el método indicado en el apartado A.6.2, que es suficientemente preciso.simplicidad, se recomienda seguir el método indicado en el apartado A.6.2, que es suficientemente preciso.

A.6.2 A.6.2 Determinación del área enceDeterminación del área encerrada por el frente de rrada por el frente de penetración (método recompenetración (método recomendado)endado)

Se pesa una hoja de papel en la balanza y se anota el resultadoSe pesa una hoja de papel en la balanza y se anota el resultado  M  M  p p. Se calcula el área del papel. Se calcula el área del papel  A A p p como producto de las como producto de las
dimensiones de la hoja, medidas en mm.dimensiones de la hoja, medidas en mm.

Se apoya la hoja de papel sobre la cara partida de la probeta y se marca el frente de penetración. Se recorta el perímetroSe apoya la hoja de papel sobre la cara partida de la probeta y se marca el frente de penetración. Se recorta el perímetro
exterior siguiendo el dibujo marcado, para obtener una reproducción del frente de penetración. Se pesa esta reproduc-exterior siguiendo el dibujo marcado, para obtener una reproducción del frente de penetración. Se pesa esta reproduc-
ción en la balanza y se anota el resultadoción en la balanza y se anota el resultado M  M  pf  pf ..

El área definida por el frente de penetración viene dada por El área definida por el frente de penetración viene dada por la siguiente expresión:la siguiente expresión:

 A A pf  pf  = ( = ( A A p p  ××   M  M  pf  pf ) /) / M  M  p p  

El resultado de la determinación se redondea al mmEl resultado de la determinación se redondea al mm22 más próximo. más próximo.

A.7 A.7 Resultado Resultado del del ensayoensayo

El resultado del ensayo es la profundidad media de penetración, redondeada al mm más próximo.El resultado del ensayo es la profundidad media de penetración, redondeada al mm más próximo.

A.8 A.8 Informe Informe del del ensayoensayo

El informe del ensayo debe contener la siguiente información adicional:El informe del ensayo debe contener la siguiente información adicional:

i) i) profundidad profundidad de de penetración penetración media, media, en en mm.mm.

Este documento forma parte de la biblioteca de SIKA, Este documento forma parte de la biblioteca de SIKA, S.A.S.A.



 

 

 

 

 

 

 

 

 

Anexo No. 12: Certificados de calibración 































































 

 

 

 

 

 

 

 

 

 

Anexo N.°13: Análisis de costo unitario de concreto 

para pavimentos rígido 

 

 

 

 

 

 

 

 

 

  



Tabla 1 

Análisis de costo por metro cúbico concreto patrón 

01.01 Concreto f'c=280 kg/cm2 p/losas (concreto patrón) 

Rendimiento: 15 m3/día Costo unitario por  m3 421.20 

Descripción recurso 
Unidad Cuadrilla Cantidad Precio 

S/. 

Parcial 

S/. 

Mano de obra     134.16 

Operario  hh 2.0000 1.0667 23.44 25.00 

Oficial  hh 2.0000 1.0667 18.53 19.77 

Peón  hh 10.0000 5.3333 16.76 89.39 

       

Materiales      267.61 

Piedra chancada 3/4" m3  0.3454 70.00 24.18 

Arena gruesa m3  0.2942 45.00 13.24 

Agua puesta en obra m3  0.1930 1.00 0.19 

Cemento portland tipo ip (42.5 kg) bol  10.0000 23.00 230.00 

       

Equipos      19.43 

Herramientas manuales %mo  3.0000 134.16 4.02 

Mezcladora de concreto 9-11p3 hm 1.0000 0.5333 22.00 11.73 

Vibrador de concreto 4 hp 1.35" hm 1.0000 0.5333 6.90 3.68 

Tabla 2 

Análisis de costo por metro cúbico concreto patrón + 1% MCC 

01.02 concreto f'c=280 kg/cm2 p/losas (concreto patrón+1%MCC) 

Rendimiento: 15 m3/día Costo unitario por  m3 474.46 

Descripción recurso 
Unidad Cuadrilla Cantidad Precio 

S/. 

Parcial 

S/. 

Mano de obra     134.16 

Operario  hh 2.0000 1.0667 23.44 25.00 

Oficial  hh 2.0000 1.0667 18.53 19.77 

Peón  hh 10.0000 5.3333 16.76 89.39 

       

Materiales      266.88 

Piedra chancada 3/4" m3  0.3240  70.00  22.68  

Arena gruesa m3  0.3113  45.00  14.01  

Agua puesta en obra m3  0.1930  1.00  0.19  

Cemento portland tipo IP (42.5 kg) bol  10.0000 23.00 230.00 

       

Equipos      22.12 

Herramientas manuales %mo  5.0000 134.16 6.71 



Mezcladora de concreto 9-11p3 hm 1.0000 0.5333 22.00 11.73 

Vibrador de concreto 4 hp 1.35" hm 1.0000 0.5333 6.90 3.68 

Subpartidas     51.30  

Extracción y procesamiento de 

Mucílago de cactaceae columnar 
L  4.25 12.07 51.30 

Tabla 3 

Análisis de costo por metro cúbico concreto patrón + 2% MCC 

01.03 Concreto f'c=280 kg/cm2 p/losas (concreto patrón+2%MCC) 

Rendimiento: 15 m3/día Costo unitario por  m3 525.52 

Descripción recurso 
Unidad Cuadrilla Cantidad Precio 

S/. 

Parcial 

S/. 

Mano de obra     134.16 

Operario  hh 2.0000 1.0667 23.44 25.00 

Oficial  hh 2.0000 1.0667 18.53 19.77 

Peón  hh 10.0000 5.3333 16.76 89.39 

       

Materiales      266.64 

Piedra chancada 3/4" m3  0.3219  70.00  22.53  

Arena gruesa m3  0.3093  45.00  13.92  

Agua puesta en obra m3  0.1930  1.00  0.19  

Cemento portland tipo IP (42.5 kg) bol  10.0000 23.00 230.00 

       

Equipos      22.12 

Herramientas manuales %mo  5.0000 134.16 6.71 

Mezcladora de concreto 9-11p3 hm 1.0000 0.5333 22.00 11.73 

Vibrador de concreto 4 hp 1.35" hm 1.0000 0.5333 6.90 3.68 

Subpartidas     102.60  

Extracción y Procesamiento de 

Mucílago de cactaceae columnar 
L  8.5000  12.07  102.60  

Tabla 4 

Análisis de costo por metro cúbico concreto patrón + 3% MCC 

01.04 Concreto f'c=280 kg/cm2 p/losas (concreto patrón+3%MCC) 

Rendimiento: 15 m3/día Costo unitario por  m3 577.13 

Descripción recurso 
Unidad Cuadrilla Cantidad Precio 

S/. 

Parcial 

S/. 

Mano de obra     134.16 

Operario  hh 2.0000 1.0667 23.44 25.00 

Oficial  hh 2.0000 1.0667 18.53 19.77 

Peón  hh 10.0000 5.3333 16.76 89.39 



01.04 Concreto f'c=280 kg/cm2 p/losas (concreto patrón+3%MCC) 

Rendimiento: 15 m3/día Costo unitario por  m3 577.13 

Descripción recurso 
Unidad Cuadrilla Cantidad Precio 

S/. 

Parcial 

S/. 

       

Materiales      266.96 

Piedra chancada 3/4" m3  0.3197  70.00  22.38  

Arena gruesa m3  0.3197  45.00  14.39  

Agua puesta en obra m3  0.1930  1.00  0.19  

Cemento portland tipo IP (42.5 kg) bol  10.0000 23.00 230.00 

       

Equipos      22.12 

Herramientas manuales %mo  5.0000 134.16 6.71 

Mezcladora de concreto 9-11p3 hm 1.0000 0.5333 22.00 11.73 

Vibrador de concreto 4 hp 1.35" hm 1.0000 0.5333 6.90 3.68 

Subpartidas     153.89  

Extracción y procesamiento de 

mucílago de cactaceae columnar 
L  12.75  12.07  153.89  

Fuente. Elaboración propia. 

Tabla 5 

Análisis de costo por estimado de extracción y procesamiento de MCC 

01.04 Extracción y procesamiento de mucílago de cactus columnar 

Rendimiento: 20 L/dia Costo unitario por  L 12.07 

Descripción recurso 
Unidad Cuadrilla Cantidad Precio 

S/. 

Parcial 

S/. 

Mano de obra     7.64 

Operario  hh 0.100 0.0400 23.44 0.94 

Peon  hh 1.000 0.4000 16.76 6.70 

       

Materiales      3.00 

Planta Mucílago de cactaceae 

columnar 

kg  3.000  1.00  3.00  

       

Equipos      1.43 

Herramientas manuales %mo  3.0000 7.64 0.23 

Equipo extractor de mucílago hm 1.0000 0.4000 3.00 1.20 

Nota. Este análisis de costo se realizó en base a la ejecución de esta investigación. 

Fuente. Elaboración propia. 

 



 

 

 

 

 

 

 

 

 

Anexo No. 14: Panel Fotográfico 



PANEL FOTOGRAFICO 

 

Ilustración 1.Cantera Jeservi de agregado fino 

 
Ilustración 2. Cantera Jeservi de agregado Grueso 

 

 



 

Ilustración 3. Lugar de extraccion de Cactaceae 

 
Ilustración 4. Pesado del mucilago de cactaceae para determinar el peso  especifico 

 



 
Ilustración 5. Cuarteo deagregado fino ASTM C29 / C29M – 17ª 

 
Ilustración 6. Peso unitario suelto de Agregado grueso ASTM C29 / C29M – 17a 

 



 
Ilustración 7. Prueba de absorcion de Agregados gruesos ASMT C127-15 

 

 
Ilustración 8. Cuarteo de agregado grueso ASTM C29 / C29M – 17a 

 



 

Ilustración 9.pesado de cemento 

 
Ilustración 10.pesado de mucilago de cactaceae 



 

Ilustración 11.pesado de agregado grueso 

 
Ilustración 12.Adición de MC natural a la mezcla 

 

 

 



 
Ilustración 13.Curado de muestras cilíndricas y prismática 

 

 

Ilustración 14. Muestras para ensayo a compresión 



 

Ilustración 15. Verificación de tipo de rotura de acuerdo a la norma ASTM C39. 

 

Ilustración 16. Marcado de punto de apoyo donde se aplicarán las cargas en flexión de 

vigas 

 



 

Ilustración 17.Verificacion de rotura en tercio central de viga prismática 

 

Ilustración 18.Dispositivo para ensayo de profundidad de penetración de agua norma 

UNE-12390-8. 

 

 



 

Ilustración 19.Manometro de deformación elástica para mantener la presión 500±50 

Kpa de acuerdo a la  norma UNE-12390-8. 

 

Ilustración 20.Muestras después de ser sometidas a presión 500±50 Kpa durante 72±2  

horas de acuerdo a la norma UNE-12390-8. 



 

Ilustración 21. Partido de muestras para visualizar la profundidad de penetración de 

agua bajo presión. 

 

Ilustración 22.  Medición de la profundidad de penetración maxima de agua bajo 

presión 

 



 
Ilustración 23.  Se muestra la profundidad de penetración de agua bajo presión. 

 

  

Ilustración 24.  Se muestra la profundidad de penetración de agua bajo presión. 

 


