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Standard Test Method for
Compressive Strength of Cylindrical Concrete Specimens 1

This standard is issued under the fixed designation C 39/C 39M; 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 epsilonej indicates an editorial change since the last revision or reapproval.

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

1. Scope C 1077 Practice for Laboratories Testing Concrete and Con-

1.1 This test method covers determination of compressive Crete Aggregates for Use in Construction and Criteria for

strength of cylindrical concrete specimens such as molded Laboratory Evaluatio%l_ _
cylinders and drilled cores. It is limited to concrete having a € 1231/C 1231M Practice for Use of Unbonded Caps in

unit weight in excess of 50 IbA{800 kg/nt]. Determination of Compressive Strength of Hardened Con-

1.2 The values stated in either inch-pound or Sl units are to _ Crete Cy_llnder% o _
be regarded separately as standard. The S| units are shown inE 4 Practices for Force Verification of Testing Machihes
brackets. The values stated in each system may not be exactE 74 Practice for Calibration of Force-Measuring Instru-
equivalents; therefore, each system shall be used independently Ments for Verifying the Load Indication of Testing Ma-
of the other. Combining values from the two systems may chine
result in nonconformance with the standard. Manual of Aggregate and Concrete Tesfing

1.3 This standard does not purport to address all of the 2.2 American Concrete Institute: N
safety concemns, if any, associated with its use. It is the CP-16 Concrete Laboratory Testing Technician, Gréde |
reg;ponsibility of the user of this standard to e_stablish appro-;. Summary of Test Method
priate safety and health practices and determine the applica- . . . .
bility of regulatory limitations prior to use. _3.1 This test methoql consists of applying a compressive

1.4 The text of this standard references notes which provid@*ial 10ad to molded cylinders or cores at a rate which is within
explanatory material. These notes shall not be considered & Prescribed range until failure occurs. The compressive

requirements of the standard. strength of the specimen is calculated by dividing the maxi-
mum load attained during the test by the cross-sectional area of
2. Referenced Documents the specimen.

2.1 ASTM Standards: C

C 31/C 31M Practice for Making and Curing Concrete Test4' Significance and Use . . . .
Specimens in the Fietd 4.1 Care must be exercised in the interpretation of the

C 42/C 42M Test Method for Obtaining and Testing Drilled significance of compressive strength determinations by this test
Cores and Sawed Beams of Concfete method since strength is not a fundamental or intrinsic property

C 192/C 192M Practice for Making and Curing Concrete©f concrete made from given materials. Values obtained will
Test Specimens in the Laboratdry depend on the size and shape of the specimen, batching, mixing

C 617 Practice for Capping Cylindrical Concrete Speci_procedures, the methods of sampling, molding, and fabrication
meng and the age, temperature, and moisture conditions during

C 670 Practice for Preparing Precision and Bias Statemenffing. _ , _
for Test Methods for Construction Materials 4.2 This test method is used to determine compressive

C 873 Test Method for Compressive Strength of Concretstrength of cylindrical specimens prepared and cured in accor-
Cylinders Cast in Place in Cylindrical Molds dance with Practices C 31/C 31M, C 192/C 192M, C 617, and

C 1231/C 1231M and Test Methods C 42/C 42M and C 873.
4.3 The results of this test method are used as a basis for

1 This test method is under the jurisdiction of ASTM Committee C09 on qua“ty control of concrete proportioning, mixing, and placmg

Concrete and Concrete Aggregates and is the direct responsibility of Subcommittee

C09.61 on Testing Concrete for Strength. -
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2 Annual Book of ASTM Standardgol 04.02. MI 48333-9094.

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



A8y ¢ 39/c 39M - 03

operations; determination of compliance with specifications; 5.1.3.3 The test load as indicated by the testing machine and
control for evaluating effectiveness of admixtures; and similathe applied load computed from the readings of the verification
uses. device shall be recorded at each test point. Calculate the error,
4.4 The individual who tests concrete cylinders for accepE, and the percentage of errdg,, for each point from these
tance testing shall have demonstrated a knowledge and abilityata as follows:
to perform the test procedure equivalent to the minimum E-A-B )
guidelines for certification of Concrete Laboratory Technician,
Level I, in accordance with ACI CP-16.

Note 1—The testing laboratory performing this test method should be Where:

E, = 100A — B)/B

evaluated in accordance with Practice C 1077. A = load, Ibf [kN] indicated by the machine being verified,
and
5. Apparatus B = applied load, Ibf [kN] as determined by the calibrating
5.1 Testing Machine-The testing machine shall be of a device.
type having sufficient capacity and capable of providing the 5.1.3.4 The report on the verification of a testing machine
rates of loading prescribed in 7.5. shall state within what loading range it was found to conform

5.1.1 Verify calibration of the testing machines in accor-to specification requirements rather than reporting a blanket
dance with Practices E 4, except that the verified loading rangacceptance or rejection. In no case shall the loading range be
shal be as required in 5.3.2. Verification is required under thatated as including loads below the value which is 100 times
following conditions: the smallest change of load estimable on the load-indicating

5.1.1.1 After an elapsed interval since the previous verifiimechanism of the testing machine or loads within that portion
cation of 18 months maximum, but preferably after an intervalbof the range below 10 % of the maximum range capacity.

of 12 months, _ _ _ 5.1.3.5 In no case shall the loading range be stated as
5.1.1.2 On orlg_lnal installation or relocatl_on of the _maChlne:incIuding loads outside the range of loads applied during the
5.1.1.3 Immediately after making repairs or adjustmentserification test.

that affect the operation of the force applying system of the 5.1.3.6 The indicated load of a testing machine shall not be

machine or the valges displayed on the load indicating syste rrected either by calculation or by the use of a calibration
except for zero adjustments that compensate for the mass gla5ram to obtain values within the required permissible
bearing blocks or specimen, or both, or variation

5.1.1.4 Whenever there is reason to doubt the accuracy o 52 The testi hi hall b ioped with two steel
the results, without regard to the time interval since the Iasb o e testing machine shall be equipped wi 0 stee
verification. earing blocks with hardened fgces (Note 3), one of which is a
5.1.2 Design—The design of the machine must include thespherlcall_y seated block that will bear'on the upper su'rface of
; ) the specimen, and the other a solid block on which the
following features: X :
§pecimen shall rest. Bearing faces of the blocks shall have a

5.1.2.1 The machine must be power operated and must.”. di - t least 3 % ter than the di ter of
apply the load continuously rather than intermittently, angT'nimum dimension at leas o greater than the diameter o

without shock. If it has only one loading rate (meeting thethe spsc&rgerll to tl?]e tt)estgd. fExcepthfoli thf[adconcteptnc C|rc|:Ies
requirements of 7.5), it must be provided with a supplement gescn ed below, the bearing faces shail not depart irom a plane

means for loading at a rate suitable for verification. This y more than 0.001 in. [0.02 mm] in any 6 in. [150 mm] of

: locks 6 in. [150 mm] in diameter or larger, or by more than
:ﬁ)lemental means of loading may be power or hand ope .001 in. [0.02 mm] in the diameter of any smaller block; and

5.1.2.2 The space provided for test specimens shall be lar ew blocks shall be manufactured within one half of this

enough to accommodate, in a readable position, an elastglerance. When the diameter of thg bearing face of .the
calibration device which is of sufficient capacity to cover thespherlcally seated block exceeds the diameter of the specimen

potential loading range of the testing machine and WhiCl‘ByOanQre (’;hgn 0'5(';' [13 rr:jm], COHCGHLI’IC cg)r((:)lzs_ no;more thgn
complies with the requirements of Practice E 74. 03 IN. [. : ”?m] eep and not more than 0.04 In. [1 mm] wide
shall be inscribed to facilitate proper centering.

Note 2—The types of elastic calibration devices most generally avail-
able and most commonly used for this purpose are the circular proving Note 3—It is desirable that the bearing faces of blocks used for
ring or load cell. compression testing of concrete have a Rockwell hardness of not less than

55 HRC.
5.1.3 Accuracy—The accuracy of the testing machine shall

be in accordance with the f0||owing provisions; 5.2.1 Bottom bearing blocks shall conform to the foIIowing
5.1.3.1 The percentage of error for the loads within the'equirements:
proposed range of use of the testing machine shall not exceed5.2.1.1 The bottom bearing block is specified for the pur-
+1.0 % of the indicated load. pose of providing a readily machinable surface for mainte-
5.1.3.2 The accuracy of the testing machine shall be verifiedance of the specified surface conditions (Note 4). The top and
by applying five test loads in four approximately equalbottom surfaces shall be parallel to each other. If the testing
increments in ascending order. The difference between any twmmachine is so designed that the platen itself is readily main-
successive test loads shall not exceed one third of the diffetained in the specified surface condition, a bottom block is not
ence between the maximum and minimum test loads. required. Its least horizontal dimension shall be at least 3 %
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greater than the diameter of the specimen to be tested.
Concentric circles as described in 5.2 are optional on the SOCKET
bottom block.

Note 4—The block may be fastened to the platen of the testing PRt RED
machine. / __ _aREA

5.2.1.2 Final centering must be made with reference to the BALL /‘ T
upper spherical block. When the lower bearing block is used to 4

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 e—— R ——f
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: S

5.2.2.1 The maximum diameter of the bearing face of the

suspended spherically seated block shall not exceed the vaIug%?;';gogrﬁiﬁnjg?'ilnbfh??g;ig ?‘?;%'Ei%éhe ballin the socket and for

T MUST BE NO LESS THAN (R~r)

TEST SPECIMEN

given below: FIG. 1 Schematic Sketch of a Typical Spherical Bearing Block
Diameter of Maximum Diameter
TESti,?_ pfn:'rmens' o B?,f ”[r;?mF]ace’ graduated scale that is readable to at least the nearest 0.1 % of
the full scale load (Note 7). The dial shall be readable within
ggg} ‘S‘Hga 1% of the indicated load at any given load level within the
4 [100] 6.5 [165] loading range. In no case shall the loading range of a dial be
6 [150] 10 [258] considered to include loads below the value that is 100 times
8 [200] 11 [280] the smallest change of load that can be read on the scale. The

Note 5—Square bearing faces are permissible, provided the diametescale shall be provided with a graduation line equal to zero and
of the largest possible inscribed circle does not exceed the above diametep numbered. The dial pointer shall be of sufficient length to
5.2.2.2 The center of the sphere shall coincide with thgeach the graduation marks; the width of the end of the pointer

surface of the bearing face within a tolerance* % of the ~ shall not exceed the clear distance between the smallest

radius of the sphere. The diameter of the sphere shall be at leg@igaduations. Each dial shall be equipped with a zero adjust-

75 % of the diameter of the specimen to be tested. ment located outside the dialcase and easily accessible from the
5.2.2.3 The ball and the socket shall be designed so that tHeont of the machine while observing the zero mark and dial

steel in the contact area does not permanently deform wheppinter. Each dial shall be equipped with a suitable device that
loaded to the capacity of the testing machine. at all times, until reset, will indicate to within 1 % accuracy the

o ) . maximum load applied to the specimen.
Note 6—The preferred contact area is in the form of a ring (described

as preferred “bearing” area) as shown on Fig. 1. NoTte 7—Readability is considered to be 0.02 in. [0.5 mm] along the arc

described by the end of the pointer. Also, one half of a scale interval is
5.2.2.4 The curved surfaces of the socket and of the Spherrl('aadable with reasonable certainty when the spacing on the load indicating

cal portion shall be kept clean and shall be lubricated with @echanism is between 0.04 in. [1 mm] and 0.06 in. [2 mm]. When the
petroleum-type oil such as conventional motor oil, not with aspacing is between 0.06 and 0.12 in. [2 and 3 mm], one third of a scale
pressure type grease. After contacting the specimen and appiiterval is readable with reasonable certainty. When the spacing is 0.12 in.
cation of small initial load, further tilting of the spherically [3 mm] or more, one fourth of a scale interval is readable with reasonable
seated block is not intended and is undesirable. certainty.

5.2.2.5 If the radius of the sphere is smaller than the radius 5.3.2 If the testing machine load is indicated in digital form,
of the largest specimen to be tested, the portion of the bearinipe numerical display must be large enough to be easily read.
face extending beyond the sphere shall have a thickness ndhe numerical increment must be equal to or less than 0.10 %
less than the difference between the radius of the sphere ard the full scale load of a given loading range. In no case shall
radius of the specimen. The least dimension of the bearing fadée verified loading range include loads less than the minimum
shall be at least as great as the diameter of the sphere (see Figimerical increment multiplied by 100. The accuracy of the
1). indicated load must be within 1.0 % for any value displayed

5.2.2.6 The movable portion of the bearing block shall bewithin the verified loading range. Provision must be made for
held closely in the spherical seat, but the design shall be suddjusting to indicate true zero at zero load. There shall be
that the bearing face can be rotated freely and tilted at least 4frovided a maximum load indicator that at all times until reset
in any direction. will indicate within 1 % system accuracy the maximum load

5.3 Load Indication applied to the specimen.

5.3.1 If the load of a compression machine used in concrete 5.4 Provide a means for containing fragments in the event of
testing is registered on a dial, the dial shall be provided with a&xplosive rupture of the cylinder during testing.
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Note 8—The tendency for explosive rupture increases with increasing 7.4 Placing the SpecimerPlace the plain (lower) bearing
concrete strength and it is more likely when the testing machine ifblock, with its hardened face up, on the table or platen of the
(’)‘?""K‘g’;%gggb';sefce(;rt]zrt:t‘zS?‘:S'z?]g"“é?;i‘ypgggz;tgr‘sr'gctg;m:%:i sting machine directly under the spherically seated (upper)
approaches to contain concrete fragments. earing blqck. Wipe clean the bearing f{:lces of the upper and

lower bearing blocks and of the test specimen and place the test
6. Specimens specimen on the lower bearing block. Carefully align the axis

6.1 Specimens shall not be tested if any individual diametegfe;?:dsbﬁgg;(men with the center of thrust of the spherically

of a cylinder differs from any other diameter of the same

cylinder by more than 2 % 7.4.1 Zero Verification and Block SeatingPrior to testing

the specimen, verify that the load indicator is set to zero. In
Note 9—This may occur when single use molds are damaged ocases where the indicator is not properly set to zero, adjust the

deformed during shipment, when flexible single use molds are deformethdicator (Note 10). As the spherically seated block is brought

during molding, or when a core drill deflects or shifts during drilling. to bear on the Specimen, rotate its movable portion genﬂy by

6.2 Prior to testing, neither end of test specimens shalff@nd so that uniform seating is obtained.
depart from perpendicularity to the axis by more than 0.5° Nore 10—The technique used to verify and adjust load indicator to
(approximately equivalent to 0.12 in. in 12 in. [1 mm in 100 zero will vary depending on the machine manufacturer. Consult your
mm]). The ends of compression test specimens that are nowner's manual or compression machine calibrator for the proper tech-
plane within 0.002 in. [0.050 mm] shall be sawed or ground to"que.
meet that tolerance, or capped in accordance with either 7 5 Rate of Loading-Apply the load continuously and
Practice C 617 or, when permitted, Practice C 1231/C 1231Myjithout shock.
The diameter used for calculating the cross-sectional area of 7.5 1 For testing machines of the screw type, the moving

the test specimen shall be determined to the nearest 0.01 iRead shall travel at a rate of approximately 0.05 in. [1 mm]/min
[0.25 mm] by averaging two diameters measured at righfyhen the machine is running idle. For hydraulically operated
angles to each other at about midheight of the specimen.  machines, the load shall be applied at a rate of movement
6.3 The number of individual cylinders measured for deter-(p|aten to crosshead measurement) Corresponding to a loading
mination of average diameter is not prohibited from beingrate on the specimen within the range of 20 to 50 psi/s [0.15 to
reduced to one for each ten specimens or three specimens @eB5 MPa/s]. The designated rate of movement shall be
day, whichever is greater, if all cylinders are known to havemaintained at least during the latter half of the anticipated
been made from a single lot of reusable or single-use moldpading phase of the testing cycle.
which consistently produce specimens with average diameters 7,52 During the application of the first half of the antici-
within a range of 0.02 in. [0.5 mm]. When the averagepated loading phase a higher rate of loading shall be allowed.
diameters do not fall within the range of 0.02 in. [0.5 mm] or 7.5.3 Make no adjustment in the rate of movement of the
when the cylinders are not made from a single lot of mO|dSp|aten at any time while a specimen is vyielding rapidly
each cylinder tested must be measured and the value usediiimediately before failure.
calculation of the unit compressive strength of that specimen. 7.6 Apply the load until the specimen fails, and record the
When the diameters are measured at the reduced frequency, ##ximum load carried by the specimen during the test. Note

cross-sectional areas of all cylinders tested on that day shall hge type of failure and the appearance of the concrete.
computed from the average of the diameters of the three or

more cylinders representing the group tested that day. 8. Calculation

6.4 The length shall be measured to the nearestiD:@5en 8.1 Calculate the compressive strength of the specimen by
the length to diameter ratio is Iess_ than 18 or more than 2'Qdividing the maximum load carried by the specimen during the
or when the volume of the cylinder is determined from g v/ the average cross-sectional area determined as de-
measured dimensions. scribed in Section 6 and express the result to the nearest 10 psi
[0.1 MPa].

8.2 If the specimen length to diameter ratio is 1.75 or less,

7.1 Compression tests of moist-cured specimens shall beorrect the result obtained in 8.1 by multiplying by the
made as soon as practicable after removal from moist storagappropriate correction factor shown in the following table Note

7.2 Test specimens shall be kept moist by any convenieritl:
method during the period between removal from moist storage  L/p: 175 1.50 1.25 1.00
and testing. They shall be tested in the moist condition. Factor: 0.98 0.96 0.93 0.87

7.3 All test specimens for a given test age shall be broken Use interpolation to determine correction factors for L/D
within the permissible time tolerances prescribed as follows:values between those given in the table.

7. Procedure

TestAge Permissible Tolerance Note 11—Correction factors depend on various conditions such as
24 h +05hor21% moisture condition, strength level, and elastic modulus. Average values are
3 days 2hor28% given in the table. These correction factors apply to low-density concrete

7 days 6 hor3.6% weighing between 100 and 120 I5/ff1600 and 1920 kg/f) and to
28 days 20 hor 3.0 % normal-density concrete. They are applicable to concrete dry or soaked at
90 days 2days 22% the time of loading and for nominal concrete strengths from 2000 to 6000
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psi [14 to 42 MPa]. For strengths higher than 6000 psi [42 MPa]a well-mixed sample of concrete is given for cylinders made in
correction factors may be larger than the values listed a&bove
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FIG. 2 Sketches of Types of Fracture

9. Report a laboratory environment and under normal field conditions
9.1 Report the following information: (see 10.1.1).
9.1.1 ldentification number, Coefficient of Acceptable Range of*
. . . Variation® 2 I 3 I
9.1.2 Diameter (and length, if outside the range ofD.® g e coerator aration results results
2.2 D), in inches [m|II|metres], Laboratory conditions 237 % 6.6 % 7.8%
9.1.3 Cross-sectional area, in square inches [square milli- Field conditions 2.87% 8.0 % 9.5 %
metres], A These numbers represent respectively the (1s) and (d2s) limits as described
9.1.4 Maximum load, in pounds-force [kilonewtons], in Practice C 670. _ _ _

9.1.5 Compressive strength calculated to the nearest 10 psi10.1.1 The values given are applicable to 6 by 12 in. [150 by
[0.1 MPa], 300 mm] cylinders with compressive strength between 2000
9.1.6 Type of fracture, if other than the usual cone (see Figand 8000 psi [15 to 55 MPa]. They are derived from CCRL
2), concrete reference sample data for laboratory conditions and a
9.1.7 Defects in either specimen or caps, and, collection of 1265 test reports from 225 commercial testing

9.1.8 Age Of Specimen_ laboratories in 1978
o . Note 12—Subcommittee C09.03 will re-examine recent CCRL Con-
10. Precision and Bias crete Reference Sample Program data and field test data to see if these

10.1 Precision—The single operator precision of tests of values are representative of current practice and if they can be extended to

individual 6 by 12 in. [150 by 300 mm] cylinders made from COVer @ wider range of strengths and specimen sizes.
10.2 Bias—Since there is no accepted reference material, no
statement on bias is being made.

> Bartlett, .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, © Supporting data have been filed at ASTM International Headquarters and may
1994, pp. 339-348. be obtained by requesting Research Report RR: C09-1006.
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