Fotografia 8

Fotografia 9
Vista inferior de una de las cAmaras del permedmetro conteniendo una muestra por analizar.



Fotografia 10
Muestras para los andlisis de porosidad en la etapa de secado dentro de un desecador conteniendo silica-gel donde
permanecieron hasta alcanzar peso constante,

Fotografia 11
Vista de todas las unidades que conforman al porosimetro 2000. Equipo de fabricacién italiana marca CARLO
ERBA, con capacidad de medir radios de poros hasta de 37 A por medio de intrusién de mercurio,
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Fotografia 12
Computadora con interface para monitorear y almacenar los incrementos de presion y volumen durante 1os andlisis,

y con software para darle tratamiento a la informacién producto de cada andlisis.



Fotografia 13
Unidad Macroporo empleada para medir el volumen de poros con radios hasta de 18,000 A a presién atmosférica.
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Fotografia 14
Unidad porosimetro 2000 que funciona por intrusion de mercurio para medir e volumen de poros con radios hasta
de 37 A Esta unidad tiene capacidad de aplicar hasta 2,000 bares de presién
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Fotografia 15
Determinacién de pH a muestras pulverizadas empleando un peachimetro digital.

Fotografia 16
Cuarto de curado con temperatura de 23 + 1.7 °C y humedad minima del 95%.
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Fotografia 17
Fotografia tomada con un microscopio petrografico a una muestra de mortero carbonatado para
1a relacién A/C = 0.65 mgtﬁﬁcadoSvemsenrclaciénamlamaﬂoreal.

Fotografia 18
Fotografia tomada con un microscopio petrogrifico a una muestra de mortero carbonatado con relacién A/C = 0.35
magnificado 5 veces en relacién a su tamaiio reai. Obsérvese al comparar las fotografias 17 y 18, la diferencia en la
densidad de {3 matriz cementante debida a la diferencia en las relaciones A/C.
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Fotografia 19
Columna de concreto reforzado, cuyo concreto se carbonatd y se inicié la corrosion del acero al grado de que se
produjo la botadura del recubrimiento.
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Fotografia 20
Columna de concreto reforzado, cuyo concreto se carbonaté y la cormosion ha botado el recubrimiento. En ésta,
observe ¢l grado de corrosion que en este caso se presentd en el acero a pesar del recubrimiento de 65 mm.
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Fotografia 21
Corazones de concreto de 5 cm de didmetro extraidos a todo lo ancho de la seccién transversal de una columna
construida hace 25 afios, cuya resistencia a la compresion a la edad de 28 dias fue de 25.4 MPa (250 kgf/cm®), El
drea perimetral coloreada define al concreto no carbonatado y la restante al concreto carbonatado. Obsérvese que el
espesor varia de aproximadamente 2 ctn a aproximadamente 5 cm, esto debido a diferencias en el colado, la
compactacién, ¢l acabado ¢n el concreto y otros.
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Fotografia 22
Corazones de 5 cm de didmetro por 10 cm de altura ensayados a compresién y con un espesor carbonatado promedio
de alrededor de 4 cm . Observese que en todos los casos la falla del concreto se presentd en la zona del concreto no
carbonatado, definida por la coloracién violeta que da la solucion de fenolftaleina, comportamiento que confirma el
incremento de resistencia en el concreto por efecto de la carbonatacién que disminuye la porosidad.
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qﬂn’ Designation: C 39 - 968

Standard Test Method for

Compressive Strength of Cylindrical Concrete Specimens!

This standard is issued wnder the fixed designation C 39; the memnber immedistely followisg the designation indicases the yesr of
origizal adoptioa or, ia the case of revision, the year of last revision, A sember in pareniheses indicaies tbe year of last reapproval, A
superscript epsilon (¢) indicates an oditorial changs since the lan revision o reapproval.

This test meshod has been approved for use by agencies of the Department of Defense. Consult the Dol index of Specifications and
Standards for the specific year of issue whick has been adopted by the Department of Deferse.

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
unit weight in excess of 50 Ib/R3 (800 kg/m?).

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

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

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

.
>

2. Referenced Documents

2.1 ASTM Siandards:

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?

C ﬁl:nsl;ractice for Capping Cylindrical Concrete Speci-
m

C 670 Practice for Preparing Precision and Bias State-
meots for Test Methods for Construction Materials?

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

C 1077 Practice for Laboratories Testing Concrete and
Concrete Aggregates for Use in Construction and 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 Verifying the Load Indication of Testing
Machines?

Manual of Aggregate and Concrete Testing?

! This text method is woder the jurisdiction of ASTM Committee C-9 on
Coocrete and Concrete Aggregates asd is the direet responsibility of Subcomminee
009.61 on Testing Councrete for Strength,

Current edition spproved Aug. 10, 1996, Published Octaber 1996, Originally
published as C 39 - 21 T. Last previous editioa € 39 - 94.

2 Ananal Book of ASTM Standards, Vol 04.02.

3 Annual Book of ASTM Standards, Vol 03.01.

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

3. Summary of Test Method

3.1 This test method consists of applying a compressive
axial load t0 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 specimea.

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 coacrete 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.

4.2 This test method is used to determine compressive
strength of cylindnical 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 coantrol of concrete proportioning, mixing, and
placing operations; determinatioa of compliance with speci-
fications; control for evaluating effectiveness of admixtures
and similar uses.

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

NoTte 1--The testing laboratory performing this test method should
be evaluated in accordance with Practice C 1077,

5. Apparatus

S.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 clapsed interval since the previous verifi-

* Avzilable from Americso Coacrete Iastituse, P.O. Box 19130, Detron, M1,
48219-0150.
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r cation of 13 months maximum, but preferably afier 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 applyir._ 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
venification.
5.1.2 Design—The design of the machine must include
the following features:
5.1.2.1 The machine must be power operated and must
apply the load continuously rather than intermittently, and
without shock. If it bas 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.
Note 2—High-strength concrete cylinders rupture more intensely
than normal strength cylinders. As a safety precaution, it is recom-

mended that the testing machines sbould be equipped with protective
fragment guards,

5.1.2.2 The space provided for test specimens shall be
large enough t0 accommodate, in a readable position, an
clastic 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,

p

NoTE 3—The types of elastic calibration devices most pencrally
available and most commonly used for this purpose are the circular
proving ring or Joad 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
M +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, E, for
each point from these data as follows;

EwA-8
E, = 100(4 — BY/B

where:
' M 4 = load, Ibf (or N) indicated by the machine being verified,
and

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

5.1.3.4 The report on the venfication 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.

5.1.3.5 In no case shall the loading . .ige 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 aot
be comrected 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
specirnen shall rest. Bearing faces of the blocks shall have a
minimum dimension at least 3 % greater than the diameter
of the specimen to be tesied, 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 shall be manufactured within one half of this toler-
ance. When the diameter of the bearing face of the spher-
cally seated block exceeds the diameter of the specimen by
more than 2 in. (13 mm), concentric circles not more than
/32 in. (0.8 mm) deep and not more than ¥e in. (1.2 mm)
wide shail be inscribed to facilitate proper centering.

Note 4—It is desimble that the bearing faces of blocks used for
compression testing of coacrete bave a Rockwell hardpess 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 parallel 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 $—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 in centering the specimen, the center of the
concentric rings, when provided, or the center of the block
itself must be directly below the center of the spherical head.
Provision shall be made on the platen of the machine 1o
assure such a position.

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

5.2.2 The sphencally seated bearing block shall conform
10 the following requirements:

5.2.2.1 The maximum diameter of the bearing face of the
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suspended spherically seated block shaR not exceed the

values given below:
Diameser of Maximum Diameter
Ten Specimens, of Bearing Face,

& (mm) i (om)
2(51) 4(102)
3(76) sam
4{102) V2 (169)
{152 10 (254)
8 (203) neEm

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 center 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 ia the form of a ring
(described as preferred “bearing” area) as shown oa 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. ARer contacting the spec-
imen and application of small initial load, further tilting of
the spherically sezted block is not intended and is undesir-
able.

5.2.2.5 If the rudius 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 oot 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 (sec Fig. 1).

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

—— e e =l W, —
E MILFEARTD

T wusT 8 w0 LESS Than (R-r)

TEST SPECIMEN
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Nove—Provison shall be mads lor holdy) the bel in the socket and for hokling
he entre unt in the lestng maciwne.

FiG. 1 Schematic Sketch of » Typical Spherical Bearing Block

that the bearing face can be rotated frecly and tilted at
4’ in any direction.

5.3 Load Indication:

5.3.1 Iif the load of a compression machine used i
concrete testing i3 registered on 8 dial, the dial shall be
provided with a graduated scale that is readable to at Jeast the
nearest 0.1 % of the full scale load (Note 8). The dial shall be
readable within 1 % of the indicated load at any given load
level within the loading range. In no case shall the loading
range of a dial be considered to include 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 shall be
equipped with a suitable device that at all times until reset,
will indicate to within 1 % accuracy the maximum load
applied 1o the specimen.

Nove 8—Readability is coasidered 10 be Yo in. (0.5 mm) along the
arc described by the end of the pointer. Also, one balf of a scale interval
is readable with reasonable certainty when the spacing on the Joad
indicating mechanism is between s in. (I mm) and Yie . (1.6 mm).
When the spacing is berween Vig in. and % in. (3.2 mm), ope third of a
scale interval is readable with reasonable certainty. When the spacing i
% in. or move, one fourth of a scale interval is readable with reasonable
ceraainty.

5.3.2 If the testing machine load is indicated in digital
form, the numerical display must be large enough to be
easily read. The numenical 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 thao the minimum oumerical 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 1 % system accuracy the¢ maximum load
applied 1o the specimen.

6. Specimens

6.1 Specimeas 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 single 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 perpendiculanity to the axis by more
than 0.5 (approximately equivalent to 4 in. in 12 ip. (3 mm
in 300 mm)). The ends of compression test specimens that
are npot 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 angles 1o each
other at about midheight of the specimen. 79



6.3 The pumber of individual cylinders measured for
determination of average diameter may be reduced to one
for cach ten specimens or three specimens per day, which-
ever is greater, if all cylinders are known to have been made
from a single lot of reusable or single-use molds which
consistently produce 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 scon as practicable after 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 shall 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 Permigsible Tolerance
24b £05hor21 %
ddaps 2hor28%

7 days Sbhor36%

28 days WhordO%

90 days 2days 2.2 %

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 spherically seated (upper)
bearing block. Wipe clean ‘e bearing faces of the upper and
lower bearing blocks and .f the test specimen and place the
test specimen on the lower bearing block. Carefully align the
axis of the specimen with the center of thrust of the
spherically seated block.

14.1 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 spherically seated
block is brought to bear on the specimen, rotate its movable
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 dependiog oo the machine manufacturer. Consult your
owner's maoual or compression machine calibrator for the peoper
technique.

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

7.5.1 For testing machines of the screw type, the moving
head shall travel at a rate of approximately 0.05 in. (1.3
mm)/min when the machine is running idle. For hydrauli-
cally operated machines, the load shall be applied at a rate of
movement (platen to crosshead measurement) corre-
sponding to a loading rate on the specimen within the range
of 20 to 50 psi/s (0.14 to 0.34 MPa/s). The designated rate of
movement shall be maintained at least during the latter half
of the anticipated loading phase of the testing cycle.

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

1.5.3 Make no adjustment in the rate of movement of the
platen at any time while 3 specimen is yiclding rapidly
immediately before failure,

7.6 Apply the load until the specimen fails, and record the
maximum load carried 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
during 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 leagth to diameter ratio is less than
1.8, correct the result obtained in 8.1 by multiplying by the
appropriate correction factor shown in the following table:

L/D: 1.78 1.50 1.25 100
Facwor: Q.98 0.96 0.93 0.47 (Note (1)

Note 11—These comrection factors apply to lightweight concrete
weighing between 100 and 120 Ib/ft? (1600 and 1920 kg/m?®) and 10
nonnal weight concrete. They are applicable 1o concrete dry nf soaked at
the time of loading. Values not given in the table shall be determined by
interpolation. The correction factors are applicable for nominal concrete
strengths from 2000 to 6000 psi (11.8 to 41.4 MPa).

9. Report

9.1 Report the following information:

9.1.1 Identification number,

9.1.2 Diamecter {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 ¢ither specimen or caps, and,

9.1.8 Age of specimen.

10. Precision and Bias

10.1 Precision—The single operator precision of tests of
individual 6 by 12 in. (150 by 300 mm) cylinders made from
a well-mixed sample of concrete is given for cylinders made
in a laboratory environment and uader normal field condi-
tions (see 10.1.1).
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Come Cone and Spit Cone and Shear Cohamner
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FiQ. 2 Sketches of Types ol Fracture
Coefficient of Acceptable Range of 4 tions and a collection of 1265 test reports from 225
VariationA 2 reailts 3 results commercial testing laboratories in 1978.3
ﬁﬁemuymdiﬁm 237% 5% 8% Note 12—Subcommittee C09.03.01 will re-examine recent CCRL
Field conditioas 287% 0% 95% Concrete Reference Sampie Program data and Geld test data to see if

4 These sumbery represent respectively the (13) and (d2s) bimits a¢ described is
Practice C 670.

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

these values ame representative of curreat practice and if they can be
exiended to cover a wider range of strengths and specimen sizes.

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

% Research report RR:009-1006 is o fle 21 ASTM Headquarters.

The Amaencan Society for Testing and Materials takes no position respecting the vaiioRy of any pafent rights ssserted in connection
with any tem mentioned in this standard. Users ol this standard are expressly advised Lthat delermination of the validily of any such
patert nghts, and tha risk ol infringement ol such rights, are antirely their own responsibility.

This stancard I subject fo revision af any time by the rasponsidle fechvical commitiee and must be reviawed every fve yeers end
¥ nox revised, sither resporoved or withdrawn. Your cOmments are invited ether for ravision of this standerd or lor sodiional stancards
and should be sddressed to ASTM Headquarters. Your comments wil receive carelul consideration af & meeting of the resporsible
fechnical convr ‘tee, which you may sttend. N you fesl that your comments have not receivad & feir hearing you should make your
views known ta ihe ASTM Commutien on Standards, 100 Basr Harbor Drive, West Conshohocken, PA 19428,
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