FOTO N°9 - Las muestras tnturadas s¢ colocaron en un desecador que contiene silica-gel hasta peso
constante minediatamente despues sc realizaron los analisis de porosidad.

FOTO N 10 - Equipo utilizado para medir la porosidad marca CARLO ERBA. funciona a partir de la
intrusién de mercurio. tiene una capacidad de 2000 bares de presion. puede detcrnunar la
porosidad hasta 37A
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FOTO N°11.- Unidad Macroporo 120 utiizada para ¢l llenado de mercunio ¥ determunacion de
poros con radios hasta 18,000 A
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FOTO N°12.- Porosimetro 2000. Sc mucstra ¢l acceso de la muestra al intenor de la camara donde
se aplica la presion de 2044) bares, ¢l equipo envia los datos a la unidad central para
su fratarmento.
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FOTO N'13.- Se fabnco una cimara de carbonatacion acelerada con ventilador de recircutacion en el
intenior. También se muestra el tanque de gas con una concentracion de 5% o de CO-.

FOTO N°14 - Morteros carbonatados v no carbonatados. se utilizo una solucion de 1%a de fenolftalema en
alcohol 1sopropilico para determunar 1a condicion de carbonatacion La coloracion es detwda
a un alto pH o a la presencia de hudrovido de calcio
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FOTO N°15 - Mediante ¢l uso del potenciometro digital se determuné el valor del pH de muestras
pulverizadas carbonaladas y no carbonatadas.

b

”‘"’““f""" Y B = o

FOTO N 16.- Vista del mortero carbonatado A/c = 0635 magmficado 200 veces, tomada dc un mucroscopio
clectrénico de bamdo cn el Centro Nacional de Metrologia
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CENAM IS iU

FOTO N°17.- Vista del mortero carbonatado A/C = 0.35 magnificade 300 de su tamaiio real Aqui
podemos apreciar las csferas de ceniza volante en diversos puntos y ademas comparar la matris
cementante con la del moriero A/C = 0.65 de la foto 16 la cual resulta mucho mas densa.

FOTO N 18 -El CO- penetra por los agrictanucitos carbonatando mas rapido En esta nestra de pasta de
cemento ludraulico el indicador debena tener una forma circular; sin eubargo las gnetas
favorccen a la difusion del CO
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FOTO N°19.- Corazones extraidos en toda 1a seccion de una columna. el avance de la carbonatacion es dec
40 mm segin ¢l cambio de coloracion por la fenolftalena. La columna se construyo hace 25
aiios. (f'c — 250 kgficm")

FOTO N 20 - Losa con problemas de liviviaciones debido a su alta permeabilidad  Aque se pueden apreciar
las eflorecencias en gran parte de su arca
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%'"9 Designation: C 39 - 96

Standard Test Method for

Compressive Strength of Cylindrical Concrete Specimens’

This standard is issued under the fixed designation € 39; 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 1n parentheses indicates the year of last reapproval. A
superscnpt epsilon {¢) indacates an editorial change since the last revision of reapproval,

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

1. Scope

1.1 This tes: method covers determination of compressive
strength of cylindrical concrete specimens such as molded
cylinders and drilled cores. It is limited to concrete having a
unit weight in excess of 50 1b/ft? (800 kg/m?).

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

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

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

2. Referenced Documents

2.1 ASTM Standards:

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

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

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

cel17 l:ractjce for Capping Cylindrical Concrete Speci-
mens

C 670 Practice for Preparing Precision and Bias State-
ments for Test Methods for Construction Materiais?

C 872 Test Method for Compressive Strength of Concrete
Cylinders Cast in Place in Cylindrical Molds?

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

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

E 4 Practices for Force Verification of Testing Machines?

E 74 Practice for Calibration of Force-Measuring Instru-
ments for Verfying the Load Indicauon of Testing
Machines®

Manual of Aggregate and Concrete Testing?

! This test method is uoder the jurisdiction of ASTM Committee C-9 on
Concrete and Concrete Aggregates and is the darect responsibility of Subcommitiee
009.61 on Testing Concrete for Strength.

Current ecdhtion approved Aug. 10, 1996. Published October 1996. Originally
published as C 39- 21 T. Last previous edition C 39 - 94.

2 Annual Book of ASTM Standards, Vol 04,02,

3 Annual Book of ASTM Standards, Vol 03.01.
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2.2 American Concrete Institute:
CP-16 Concrete Laboratory Testing Technician, Grade .1

3. Summary of Test Method

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

4. Significance and Use ~

4.1 Care must be exercised in the interpretation of the
significance of compressive strength determinations by this
test method since strength is not a fundamental or intrinsic
property of concrete made from given matenals, 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.

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

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

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

NotE |—The testing laboratory performing this test method should
be evaluated in accordance with Practice C 1077,

5. Apparatus

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

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

5.1.1.1 After an elapsed interval since the previous verifi-

4 Available from American Concrete Institute, P.O. Box 19150, Detroit, ML,
48219-0150,
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cation of 18 months maximum, but preferably after an
interval of 12 months,

5.1.1.2 On original installation or relocation of the ma-
chine,

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

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

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

5.1.2.1 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 7.5), it must be provided with a supple-
mental means for loading at a rate suitable for verification.
This supplemental means of loading may be power or hand
operated.

Nore 2—High-strength concrete cylinders rupture more intensely
than normal strength cylinders. As a safety precaution, it is recom-
mended that the testing machines should be equipped with protective
fragment guards.

5.1.2.2 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 E 74.

NoTE 3—The types of elastic calibration devices most generally
available and most commonly used for this purpose arc the circular
proving ring or load cell.

5.1.3 Accuracy—The accuracy of the testing machine
shall be in accordance with the following provisions:
5.1.3.1 The percentage of error for the loads within the
proposed range of use of the testing machine shall not exceed
+1.0 % of the indicated load.
5.1.3.2 The accuracy of the testing machine shall be
verified by applying five test loads in four approximately
equal increments in ascending order. The difference between
any two successive test loads shall not exceed one third of the
difference between the maximum and minimum test loads.
5.1.3.3 The test load as 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, £, for
each point from these data as follows:
E=A-B
E,= 1004 — B)/B

where:

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

B = applied load, 1bf (or N) as determined by the calibrating
device.

5.1.3.4 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
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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.

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

5.1.3.6 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.

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

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

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

5.2.1.1 The bottom bearing block is specified for the
purpose of providing a readily machinable surface for
maintenance of the specified surface conditions (Note 5).
The top and bottom surfaces shall be parailel to each other. If
the testing machine is so designed that the platen itself is
readily maintained in the specified surface condition, a
bottom block is not required. Its least horizontal dimension
shall be at least 3 % greater than the diameter of the
specimen to be tested. Concentric circles as described in 5.2
are optional on the bottom block.

Note 5—The block may be fastened to the platen of the testing
machine.

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

5.2.1.3 The bottom bearing block shall be at least 1 in. (25
mm) thick when new, and at least 0.9 in. (22.5 mm) thick
after any resurfacing operations.

5.2.2 The spherically seated bearing block shall conform
to the following requirements:

5.2.2.1 The maximum diameter of the bearing face of the
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suspended spherically seated block shall not exceed the
values given below:

Diameter of Maximum Diameter
Test Specimens, of Bearing Face,

in. (mm) in. {mm)
2(50 4{102)

3(76) 5(12n)

4(102) 614 (165)
6(152) 10 (254)
8 (203) 11Q279)

Note 6—Square bearing faces are permissible, provided the diameter
of the largest possible inscribed circle does not exceed the above
diameter.

5.2.2.2 The zenter of the sphere shall coincide with the
surface of the bearing face within a tolerance of +5 % of the
radius of the sphere. The diameter of the sphere shall be at
least 75 % of the diameter of the specimen to be tested,

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

Note 7—The preferred contact area is in the form of a ning
(described as preferred “bearing” area) as shown on Fig. 1.

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

5.2.2.5 If the radius of the sphere is smaller than the
radius of the largest specimen to be tested, the portion of the
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. The least dimension
of the bearing face shall be at least as great as the diameter of
the sphere (see Fig. 1),

5.2.2.6 The movable portion of the bearing block shall be
heid closely in the spherical seat, but the design shall be such

NN \\

SOCKET

PREFERRED
BE4ARING
AREA

T musT BE NO LESS THAN (R-T)

TEST SPECIMEN
Lf—vw-_a—

Note—Provision shad be made for hoiding the bell i the socket and for hoiding
the entre unit n the testng mactune.

FIG. 1 Schematic Sketch of a Typical Spherical Bearing Block
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that the bearing face can be rotated freely and tilted at leas
4’ in any direction.

5.3 Load Indication:

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

Nott §—Readability is considered to be Yso in. (0.5 mm) along the
arc described by the end of the pouter. Also, one haif of a scale interva
is readable with reasonable certainty when the spacing oo the load
indicating mechanism is between V2s in. (1 mm) and V16 in. (1.6 mm)
When the spacing is between Yis in. and % in. (3.2 mm), one third of 2
scale interval is readable with reasonabie certainty. When the spacing i
13 in. or more, one fourth of a scale interval is readable with reasonable
certainty.

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

6. Specimens

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

NoTe 9—This may occur when single use molds are damaged or
deformed during shipment, when flexible singie use molds are deformed
during molding or when a core drill deflects or shifts during drilling.

6.2 Neither end of compressive test specimens when
tested shall depart from perpendicularity to the axis by more
than 0.5° (approximately equivalent to /s in. in 12 in. (3 mm
in 300 mm}). The ends of compression test specimens that
are not plane within 0.002 in. (0.050 mm) shall be sawed or
ground to meet that tolerance, or capped in accordance with
either Practice C 617 or Practice C 1231. The diameter used
for calculating the cross-sectional area of the test specimen
shall be determined to the nearest 0.01 in. (0.25 mm) by
averaging two diameters measured at right angies to each
other at about midheight of the specimen.
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6.3 The number of individual cylinders measured for
determination of average diameter may be reduced to one
for each ten specimens or three specimens per day, which-
ever 1s 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 0.02 in. (0.51 mm). When the average
diameters do not fall within the range of 0.02 in. or when the
cylinders are not made from a single lot of molds, each
cylinder tested must be measured and the value used in
calculation of the unit compressive strength of that spec-
imen. When the diameters are measured at the reduced
frequency, the cross-sectional areas of all cylinders tested on
that day shall be computed from the average of the diameters
of the three or more cylinders representing the group tested
that day.

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

7. Procedure

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

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

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

Test Age Permussible Tolerance

24h t05hor21%

3 days Jhorli8 %

7 days 6éhorl6%
28 days 0hor30%
90 days 2days22 %

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

1.4.1 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 10). As the sphencally seated
block is brought to bear on the specimen, rotate its movabie
portion gently by hand so that uniform seating is obtained.

NoTe 10—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.

7.5 Rate of Loading—Apply the load continuously and
without shock.
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7.5.1 For testing machines of the screw type, the moving
head shall travel at a rate of approximately 0.05 in. (1.3
mm)/min when the machine is running idle. For bydrauli-
cally operated machines, the load shall be applied at a rate of
movement (platen to crosshead measurement) corre-
sponding to a loading rate on the specimen within the range
of 20 to 50 psi/s (0.14 to 0.34 MPa/s). The designated rate of
movement shall be maintained at least durning the latter half
of the anticipated loading phase of the testing cycle.

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

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

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

8. Calculation

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

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

L/ 175 1.50 128 1.00
Facior: 0.98 096 093 0.87 (Note 11)

Note 11—These correction factors apply to lightweight concrete
weighing between 100 and 120 Ib/R* (1600 and 1920 kg/m*) and to
normal weight concrete. They are applicable to concrete dry or soaked at
the time of loading. Values not given in the table shall be determined by
interpotation. The correction factors are applicable for nominal concreie
strengths from 2000 to 6000 psi (13.8 to 41.4 MPa).

9. Report

9.1 Report the following information:

9.1.1 Identification number,

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

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

9.1.4 Maximum load, in pounds-force or newtons,

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

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

9.1.7 Defects in either specimen or caps, and,

9.1.8 Age of specimen.

1. Precision and Bias

10.1 Precision—The single operator precision of tests of
individual 6 by 12 in. {150 by 300 mm) cylinders made from
a well-mixed sample of concrete is given for cylinders made
in a laboratory environment and under normal field condi-
tions (see 10.1.1).
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FIG. 2 Sketches of Types of Fracture

Coeflicient of Acceptable Range of 4

Variation 2 results 3 results
Single operator
Laboratory conditions 2% 66% 78%
Ficld conditions 287T% 30% 9.5%

4 These numbers represent respectively the (is) and (d2s) limits as described in
Practice C 670.

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

tions and a collection of 1265 test reports from 225
commercial testing laboratories in 1978.3

Note 12—Subcommittes C09.03.01 will re-examine recent CCRL
Concrete Reference Sample Program data and field test data to see if
these values are representative of current practice and if they can be
extended to cover a wider range of strengths and specimen sizes.

10.2 Bias—Since there 18 no accepted reference material,
no statement on bias is being made.

3 Research report RR:C09-1006 is on file at ASTM Headguarters.

-
The American Scciety for Testing and Materials takes no position respecting the validity of any patent rights assarted in connection
with any fterm mentioned n this standard. Users of this standard are expressly advised that determination of the vaiidity of any such
patent rights, and the nsk of infringement of such rights, are antirely thair own responsibility.

This standard is subject to revision at any time by the rasponsible technical committes and must be reviewsd every five years and
# not revised, either reapproved or withdrawn. Your comments are invited efther for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will raceive careful consideration at 8 meeting of the responsibie
technical committes, which you may attend. If you feal that your comments have not received a fair heanng you should make your
wews known (o the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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HHI” Designation: C 618 - 97

Standard Specification for

Coal Fly Ash and Raw or Calcined Natural Pozzolan for Use
as a Mineral Admixture in Concrete’

This standard is issued under the fixed designation C 618; the number immediately following the designation indicates the year of
ongnal adopticn of, in the case of revision, the year of last revision. A number 10 parentheses indicates the year of last reapproval. A
superscnpt epsilon (¢) indicates an editonal change since the last revision or reapproval.

This specification has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific vear of 1ssue which has been adopted by the Depariment of Defense.

1. Scope

1.1 This specification covers coal fly ash and raw or
caicined natural pozzolan for use as a mineral admixture in
concrete where cementitious or pozzolanic action, or both, is
desired. or where other properties normally attributed to
finely divided mineral admixtures may be desired, or where
both objectives are to be achieved,

Note |—Finely divided materials may tend to reduce the entrained
air content of concrete. Hence, if a mineral admixture is added to any
concrete for which entrainment of air is specified, provision should be
made to ensure that the specified air content is maintained by air
content tests and by use of additional air-entraining admixture or use of
an ar-entraining admixture in combinauon with air-entraining hy-
draulic cement.

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

2. Referenced Documents

2.1 ASTM Standards:

C 311 Test Methods for Sampling and Testing Fly Ash or
Natural Pozzolans for Use as a Mineral Admixture in
Portland Cement Concrete?

3. Terminology

3.1 Definttions:
3.1.1 fly ash—finely divided residue that results from the
combustion o1 ground or powdered coal.

Note 2—This definition of fly ash does not include, among other
things, the residue resulting from: (/) the burning of municipal garbage
or any other refuse with coal: (2) the injection of lime directly into the
boiler for sulfur removal: or () the buming of industrial or municipal
garbage in ncinerators commonly known as “incinerator ash.”

3.1.2 poz-zolans—siliceous or siliceous and aluminous
materials which 1n themselves possess little or no cemen-
titious value but will, in finely divided form and in the
presence of moisture, chemically react with calcium hy-
droxide at ordinary temperatures to forrn compounds pos-
sessing cementitious properties.

' This specificauon 15 under the junsdiction of ASTM Commuttee C-9 on
Concrete and Concrete Aggrepates and is the direct responsibility of Subcommittee
C09.24 on Ground 5lag and Pozzoloruc Admixtures.

Current edinon approved Jan. 10, 1997 Published Macch 1997. Onginally
published as C 618 -68 T o replace C 350 and C 402, Last previous edion
C618 -96a.

2 Annual Book of ASTM Standards. Vol 04.02.
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4. Classification

4.1 Class N—Raw or calcined natural pozzolans that
comply with the applicable requirements for the class as
given herein, such as some diatomaceous earths; opaline
cherts and shales; tuffs and volcanic ashes or pumicites,
calcined or uncaicined; and vanous matenals requiring
calcination to induce satisfactory properties, such as some
clays and shales.

4.2 Class F—Fly ash normally produced from burmng
anthracite or bituminous coal that meets the applicable
requirements for this class as given herein. This class fly ash
has pozzolanic properties.

4.3 Class C—Fly ash normally produced from lignite or
subbituminous coal that meets the applicable requirements
for this class as given herein. This class of fly ash, in addition
to having pozzolanic properties, also has some cementitious
properties,

Note 3—Some Class C fly ashes may contain lime contents higher
than 10 %.

5. Ordering Information

5.1 The purchaser shall specify any supplementary op-
tional chemical or physical requirements.

5.2 The purchaser shall indicate which procedure, A or B,
shall be used when specifying requirements for effectiveness
in contribution to sulfate resistance under Table 2A.

6. Chemical Composition

6.1 Fly ash and natural pozzolans shall conform to the
requirements as to chemical composition prescribed in Table

1. Supplementary optional chemical requirements are shown
in Table 1A,

7. Physical Properties

7.1 Fly ash and natural pozzolans shall conform to the
physical requirements prescribed in Table 2. Supplementary
optional physical requirements are shown in Table 2A.

8. Methods of Sampling and Testing

8.1 Sample and test the mineral admixture in accordance
with the requirements of Test Methods C 311.

8.2 Use cement of the type propesed for use in the work
and. if available, from the mill proposed as the source of the
cement, in all tests requiring the use of hydraulic cement.

9. Storage and Inspection

9.1 The mineral admixture shall be stored in such a
manner as to permit easy access for proper inspection and




TABLE 1 Chemical Requirements

Mineral Admixture Class
N F c
Skeon thoxica (SIO;) plus alumenum oxide (Al,O4) plus ron oxide (Fe,04), mun, % 700 700 50.0
Suttur thoxide {SO,), max, % 40 50 50
Maosture content, max, % 3.0 30 a0
Loss on ignron, max, % 10.0 6.04 6.0

“ The use of Class F pozzolan containng up 1o 12.0 % loss on ignition may be approved by the user if ether acceptabla performance records or laboratory test results
are made available.

TABLE 1A Supplemeniary Optional Chemical Requirement
Note—This optional requirement applies only when specifically requested.

Mineral Admixture Class
N F c
Avalabie alkaligs. as equivaient, as Na,O, max, %4 1.5 15 15

4 Applicable only when specificalty required by the purchaser for mneral admixture to be used in concrete containing reactive aggregate and cement to meet a kmitation
on content of alkalies. .

TABLE 2 Physical Requirements

Mineral Admixture Class
N F o]
Finenesy:
Amount retainad when wet-sieved on 45 um (No. 325) sieve, max, %4 H 4 A
Strengeh actvity index: @ -
with portland cement, at 7 days, min, percent of 759 750 750
control
With portland cement, at 28 days, min, percent of 750 7502 759
control :
Water requirement, max, percent of control 115 105 105
Soundness: ¢
Autoclave expansion or contraction, max, % 08 0.8 08
Uniformity requirements:
The density and fineness of individual samples
shall not vary from the average estabished by the
ten preceding tests, or by all preceding tests f the
number 1S Jess than ten, by more than:
Density, max vanation from average, % 5 5 5
Percent retaned on 45-um (No 325), max variabon, 5 5 5

perceritage ponts from average

4 Care should be taken to avoud the retarung of aggiomeratons of extremely fine matenal.

& The strength actraty index with portiand cement is not o be considered a measure of the compressive strength of concrete containing the mineral admixture. The
mass of mwneral admocture spectfied for the test 1o determine the strength activity ndex with portiand cement 15 nat considered to be the proporton recommended for the
concrete 1o be used in the work. The optmum amount of mmeral admuxture for any specfic project is determined by the required properties of the concrete and other
constituents of the concrete and 1s to be estabkshed by testng. Strength actrvity wndex with portiand cement is a measure of reactivity with a given cement and may vary
as to the source of both the muneral admwxture and the cement.

€I the mineral acir xture will constritute more than 20 % by weght of the comentitious matenal in the project mix design, the test specmens for autoctave expansion
shalt contam that anti..pated percentage. Excessive autoclave expansion 1s hwghly signrficant in cases where water to mineral admixture and cement rancs are low, for
example. i block or shotcrete mixes.

2 Megting the 7 day or 28 day sirength activty mdex will indicate specfication comphance.

identification of each shipment. admixture in storage prior to shipment for a period longer
9.2 Inspection of the matenal shall be made as agreed than 6 months after testing be retested. The purchaser has
upon by the purchaser and the seller as part of the purchase  the right 10 reject such matenial if it fails to meet the fineness
contract, requirements.
10. Rejection . i
10.! The purchaser has the right to reject material that 1. Packaging and P.ackage Ma.rlung . ) .
fails 10 conform to the requirements of this specification. 11.1 When the mineral admixture is delivered in pack-
Rejection shall be reported to the producer or supplier  a8¢s. the class. name. and brand of the producer. and the
promptly and in writing, weight of the material comaipec_i thc_rcm, sha}l be plainly
10.2 The purchaser has the right 10 reject packages arked on each package. Similar information shall be
\arving more than 5 % from the stated weight. The pur- provided in the shipping Invoices accompanying the ship-
chaser also has the right to reject the entire shipment if the ~ ment of packaged or bulk mineral admixture.
average weight of the packages in any shipment, as shown by

weighing 50 packages taken at random, is l&ss than that 12. Keywords _
specified. 12.1 fly ash; mineral admixtures; natural pozzolan;

10.3 The purchaser has the right to require that mineral  pozzolans

78



TABLE 2A Supplementary Optional Physical Requirements

NoTte—These optional requrements apply only when specifically requested.

Mineral Agmixture Class
N F c
Muitiple factor, caiculated as the product of loss on ignrion and finensas, 255
amount retained when wet-sieved on 45-um (No. 325) seve, max, X4
increase of dryng shrinkage of mortar bars at 28 days, max, difference, in X, 0.09 0.03 0.03
over control®
Uniformiy Requirements:
in addition, when alr-entraining concrete is specified, the quantity of air- 20 20 20
entrainng agent requered 1o produce an air content of 18.0 vol % of mortar
shail not vary from the average established by the ten precedig tests or by all
preceding tests if less than ten, by more than, %
Effectiveness in Controling Alkali-Siica Reaction: ¢
Expansion of test mixture as percentage of low-alkali cement control, at 14 100 100 100
days, max, %
Eftectiveness in Contributing to Sultate Resistance;?
Procedure A.
Expansion of tast mixture:
For moderate sulfate exposure after 6 months exposure, max, % 0.10 0.10 0.10
For high suifate exposure after 6§ months exposure, max, % 0.05 0.05 0.05
Procedure B:
100 100 100

Expansion of test mixtune as a percentage of sulfate resistance cement
control after at least 6 months exposure, max, %

A Appiicable only for Class F mneral admixtures since the loss on ignition kmitations predominate for Class C.

8 Determmabon of compliance or noncompliance with the requirement relating 10 increase n drying shirinkage will be made only at the request of the purchaser.

€ Mineral admixtures meeting this requirement are considered as effective in controling akak aggregate reactions as the use of the low-alkal control cement used In the
evaluabon. However, the mmeral admixture shall be considered effective only when the mnerat admixtune is used at percentages by mass of the total cementitious matenal
equal 1o O excesding that used in the tests and when the alkak content ot the cement to be used with the mineral admixture does not exceed that used in the tests by more

than 0.05 X. See Appendix XI, Test Methods C 311.

° Fly ash or natural pozzolan shall be considerad effective only when the fly ash or natura! pozzolan is used at percentages. by mass, of the total cementitious matenal
within 2 X of thosa that are successful in the test mixtures or between two percentages that are successful, and when the CaA content of the project cament is less than,

or equal to, that which was usad in the test mixtures. See Appendix X2 of Test Method C 311,

The American Soclety for Tasting and Materigls takes no position respecting the validity of any patent rights asserted in connection
with any tem mentioned in this standard. Users of this standard are expressly advised that determmation of the validity of any such

patent rights, and the risk of infringement of such rights, are sntirely their own responsitiiity.

This standard is subject to rewsion &t any time by the responsible technical committee and must be reviewed every five years and
¥ not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for addftional standards
and should ba addressed 1o ASTM Headquarters. Your comments will recerve careful considaration at 2 meeting ol the responsibie
technical committes, which you may attand. if you feel that your commants have not recewed a fair heaning you shouid make your
wiews known to the ASTM Committee on Standards, 100 Barr Harbor Drive, Wast Conshohocken, PA 19428
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