Manual of Aggregate and Concrete Testing !

INTRODUCTION

This manual is intended to supplement, not in any way to supersede, the various ASTM test methods
for sampling and testing aggregate and freshly mixed and hardened portland-cement concrete. The
manual was prepared by Committee C09 on Concrete and Concrete Aggregates and has been accepted
by the Society for publication as information only. The manual is not a part of the ASTM methods.
Comments and suggestions on the manual will be welcomed by Committee C09.

Many specifications for aggregates and concrete are based on the results of ASTM methods of
testing and therefore strict adherence to the requirements of the test methods is important. Improper
use of test procedures can result in inaccurate data and mistaken conclusions about aggregate and
concrete quality. Accordingly, this manual directs attention to many of the factors that might affect the
results of the tests.

This manual does not purport to address all of the safety concerns, if any, associated with its use.

It is the responsibility of the user of these standards to establish appropriate safety and health
practices and determine the applicability of regulatory limitations prior to use.

The subjects covered in the manual appear in the following order:

Sections

Availability of Standards 1

Quialification of Personnel and Laboratory Evaluation 2

Samples 3

Terminology 4

Testing Apparatus 5

Safety Precautions 6

Inspection of Laboratory 7

Unit Weight and Voids in Aggregate (C 29/C 29M) 8

Making and Curing Concrete Test Specimens in the Field 9
(C31)

Compressive Strength of Cylindrical Concrete Specimens 10
(C39)

Obtaining and Testing Drilled Cores and Sawed Beams of Concrete 11
(C 42)

Surface Moisture in Fine Aggregate (C 70) 12

Flexural Strength of Concrete (Using Simple Beam with 13
Third-Point Loading (C 78)

Materials Finer than 75 pm (No. 200) Sieve in Mineral 14
Aggregates by Washing (C 117)

Specific Gravity and Absorption of Coarse Aggregate (C 127) 15

Specific Gravity and Absorption of Fine Aggregate (C 128) 16

Sieve Analysis of Fine and Coarse Aggregates (C 136) 17

Unit Weight, Yield, and Air Content (Gravimetric) of Con- 18
crete (C 138)

Slump of Hydraulic Cement Concrete (C 143) 19

Length Change of Hardened Hydraulic-Cement Mortar and 20
Concrete (C 157)

Sampling Freshly Mixed Concrete (C 172) 21

Air Content of Freshly Mixed Concrete by the Volumetric 22
Method (C 173)

Making and Curing Concrete Test Specimens in the Labora- 23
tory (C 192)

Fundamental Transverse, Longitudinal, and Torsional Fre- 24
quencies of Concrete Specimens (C 215)

Air Content of Freshly Mixed Concrete by the Pressure 25
Method (C 231)

Bleeding of Concrete (C 232) 26
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Center-Point Loading) (C 293)

Time of Setting of Concrete Mixtures by Penetration Resis- 28
tance (C 403)

Molds for Forming Concrete Test Cylinders Vertically (C 470) 29

Splitting Tensile Strength of Cylindrical Concrete Specimens 30
(C 496)

Moist Cabinets, Moist Rooms, and Water Storage Tanks Used 31
in the Testing of Hydraulic Cements and Concretes (C 511)

Total Evaporable Moisture Content of Aggregate by Drying 32
(C 566)
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Resistance of Concrete to Rapid Freezing and Thawing (C 666) 34

Making, Accelerated Curing, and Testing Concrete Compres- 35
sion Test Specimens (C 684)

Reducing Samples of Aggregate to Testing Size (C 702) 36

Measuring Early Age Compressive Strength and Projecting 37
Later Age Strength (C 918)

Use of Unbonded Caps in Determination of Compressive 38
Strength of Hardened Concrete Cylinders (C 1231)

Sampling Aggregates (D 75) 39

Force Verification of Testing Machines (E 4) 40

1. AVAILABILITY OF STANDARDS for Use in Construction and Criteria for Laboratory Evalua-

Copies of the curremnnual Book of ASTM Standardeol tion,2 identify and define the duties, responsibilities and re-
04.02—Concrete and Mineral Aggregates, should be read”guiremt_ants for personnel and equipment ysed in the testing and
available to all laboratory workers and inspectors in the field!nspection of concrete and related materials.

Vol 04.01—Cement; Lime; Gypsum contains the Manual on 2-2 The Cement and Concrete Reference Laboratory
Cement Testing which includes valuable information on pro{CCRL).* under the sponsorship of ASTM Committees CO1
cedures and apparatus. New editions of ASTM standarg@nd C09, and administered by ASTM and National Institute of

should be reviewed promptly for changes so that procedurestandards and Technology (NIST), formerly the National
can be kept currerit. Bureau of Standards, has a laboratory inspection service (for

1.1 Construction specifications may refer to ASTM stan-details of this service, see Section 7) for concrete and concrete

dards either with or without the year designation. If the yea@9gregates. CCRL also has a proficiency sample program for
designation is given, the standard bearing that designatiofPncrete, cement and pozzolans. Identical samples of material
should be used. If the year designation is not given, normallj'e issued to participating laboratories who test the material
the standard in effect at the time the bidding documents ar@nd report the results to CCRL. These results are statistically
issued is the one which is used unless the job specificatiorg@lyzed and a final report issued to the participating labora-
state otherwise. Sometimes the job specifications might staf€ries including a rating of their results as compared to all other
that the standard in effect at the time bids are received, or thigPoratories returning data. A similar reference sample program
contract is awarded, or the current standard should be used. JBKiSts for aggregates. This program, conducted by an organi-
specifications should be checked to determine that the corre&gtion jointly administered by the Highway Subcommittee on
standard is used, should there be differences. Unfortunatel{faterials of the American Association of State Highway and
sometimes job specifications refer to ASTM standards that aréransportation Officials (AASHTO) and NIST, is called the
obsolete and several years out of date. It is possible in son®ASHTO Materials Reference Laboratory (AMRE). _
such cases that the specification writer might wish to use an 2-3 Anumber of accreditation programs for concrete testing
older standard because of some provision it contains that doddPoratories exist. The AASHTO Accreditation Program

not appear in later editions. (AAP),® which uses the CCRL concrete and concrete aggregate
inspection for the onsite review of equipment and personnel,
2. QUALIFICATION OF PERSONNEL AND the National Voluntary Accreditation Program (NVLAP}he
LABORATORY EVALUATION Concrete Materials Engineering Council (CMEGInd Ameri-

There is increasing emphasis and a requirement in man nAs_socjation for Laboratory Accreditation48)° all of_fer
cases by building codes, political jurisdictions and job speci’ ccreditation for concrete and concrete aggregate testing labo-

fications that personnel, laboratories, and plants which tesff"‘tor'es'

inspect, or produce materials or do construction work be

approved, registered, licensed, inspected, certified, or accred-—

ited in various ways. 3 CCRL, National Institute of Standards and Technology, Bldg 226, Rm A365,
2.1 ASTM Practice E 329, for Use in the Evaluation of Gaitg?\;;bfr%awailoﬁg.tute of Standards and Technology, Bldg 226, Rm A365

Testlng and Inspection Agenmes as Used in Construétang Gaithersburg, MD 20899, gy, bldg 225, :

Practice C 1077, for Testing Concrete and Concrete Aggregate s oap, 444 North Capitol Street, N.W. Suite 225, Washington, DC 20001.

® NVLAP, National Institute of Standards and Technology, Bldg 101, Rm A531,
Gaithersburg, MD 20899.
7 CMEC, 649 Vassar Street, Orlando, FL 32804.
2 Annual Book of ASTM Standardgol 04.02. 8 ALLA, 656 Quince Orchard Road, Gaithersburg, MD 20878.
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2.4 A number of technician certification programs alsounless or until excessive variation develops. Inspectors m
exist. These include the following: National Institute for take samples in the manner, at the time, and from the locat
Certification in Engineering Technologies (NICEAmerican  specified in the sampling plan if conclusions based on the d
Concrete Institute (ACIJ° National Ready Mixed Concrete are to be of value. The purpose of statistical sampling is
Association (NRMCA)!! Portland Cement Association obtain results typical of the lot. Samples should not be bia
(PCA)? and the Precast/Prestressed Concrete InstitutbBy procedures that intentionally select either the best or poo
(PCI13 materials. Representative samples upon which the accept

2.5 Other programs include an inspection and certificatioror rejection of a material is based should be taken by t
program of concrete plants by NRMCA, a certification pro-purchaser’'s authorized agent.
gram for special inspector—Reinforced Concrete offered by 3.1 The fundamentals of probability sampling have been
the International Conference of Building Officials (ICB&), forth by ASTM Committee E11. The coal and ore industrie
and a plant certification program for manufacturers of precastvho have many problems similar to those found in t

prestressed concrete offered by PCI. aggregate field, have developed practical approaches that
be adapted to the concrete field. The following references

Although this manual is primarily concerned with testing, (1) ASTM Practice E 105, for Probability Sampling o
some brief remarks about sampling are necessary. Sampling daterials>
discussed in more detail in later Sections and8TM STP 169 (2) ASTM Practice E 122, for Choice of Sample Size t
B, Significance of Tests and Properties of Concrete andEstimate the Average Quality of a Lot or Procéss
Concrete Making MaterialsNo amount of testing will yield (3) ASTM Practice E 141, for Acceptance of Evidenc
correct answers if the samples are carelessly taken and do ndased on the Results of Probability Samplihg
represent the material sampled. It is better not to test a material (4) Bicking, C. A.” Bibliography on Sampling of Raw
improperly sampled because erroneous conclusions can WBéaterials and Products in Bulk,” Technical Association of th
drawn from the test results. In any sampling system there arBulp and Paper Industry, Vol 47, No. 5, May 1964
perhaps four stages, each of which requires careful attention (5) Symposium on Bulk Sampling, ASTM STP, 248.
and planning: 1) selection of a sampling plan which will Soc. Testing Mats., ASTTA, 1958
provide the greatest amount of information at the least cBpt; ( (6) Symposium on Coal Sampling, ASTM STP, ¥g8.
physical selection or gathering of samples in accordance witoc. Testing Mats., ASTTA, March 1955
predetermined procedures for the preselected locati@)s; (  (7) Symposium on Bulk Sampling, ASTM STP Hm,
testing; and4) analysis of the data obtained. The first and lastSoc. Testing Mats., ASTTA, 1951
of these four items are those that are most often neglected. (8) Tanner, L., and Deming, E., Some Problems in th
ASTM Practice D 75, Sampling Aggregatesand Practice Sampling of Bulk Material,”"ProceedingsAm. Soc. Testing
C 172, Sampling Freshly Mixed Concrét@rovide informa-  Mats., ASTEA, Vol 49, 1949, pp. 1181-1188
tion needed to obtain the samples, but do not discuss the (9) Symposium on Usefulness and Limitations
problem of developing a specific sampling plan. Strictly Samples,”ProceedingsAm. Soc. Testing Mats., ASTEA, Vol
speaking, there is no such thing as a representative sample. A8, 1948, pp. 857-895
materials are subject to periodic variation. Different shipments, (10) Shook, J. F., “Significance of Test Results Obtain
lots, truck loads, car loads, or batches from a given supply wilfrom Random Sample®ASTM STP 3621964, p. 13
vary to some extent. In addition, the material comprising any of ~ (11) Duncan, A. J., “An Introduction to Acceptance Sa
the specific units will seldom be precisely homogeneouspling Plans,” ASTM Standardization New$/ol 3, No. 9,
However, a successful sampling plan can establish the avera§eptember 1975, p. 10
characteristic of the material and determine the nature and (12) Duncan, A. J., “What Sampling Plan to Us&ASTM
extent of variability. As data become available it is possible toStandardization News/ol 3, No. 9, Sept., 1975, pp. 15-19
detect trends and decide if changes in production procedures or (13) Hahn, G. J. and Schilling, E. G., “An Introduction t
processes are required to deliver materials of acceptable qualitge MIL-STD-105D Acceptance Sampling Schem@&STM
with reasonably low percentages of defective or substandar8tandardization Newd/ol 3, No. 9, Sept., 1975, pp. 20-30
material. Prior to starting of construction, a statistical or  (14) Abdun-Nur, E. A., “Significance of Tests and Prope
probability sampling plan should be developed and instructionsies of Concrete and Concrete-Making Material&3TM STP
furnished to inspectors. Since the amount and nature of th#69B pp. 5-23
variations may be unknown, it will be necessary to take Additional information is given in ASTM methods an
samples more frequently at the start. Later, after patterns amgpecifications, and in publications of the Federal Governme
revealed, it should be possible to decrease sampling frequen&orps of Engineers, and Bureau of Reclamation.
3.2 Samples must be adequately identified and shippe
clean, strong containers. Samples of cement should be ship

°NICET, 2029 K Street, N.W., Washington DC 20006. in moisture-proof containers, packed in a suitable shippi
10 ACI, 22400 West Seven Mile Road, Detroit, Ml 48219.

NRMCA, 900 Spring Street, Silver Spring, MD 20910.

12PCA, 5420 Old Orchard Road, Skokie, IL 60077. —_—

13PCl, 175 W. Jackson Blvd., Chicago, IL 60604. 15 Annual Book of ASTM Standartdgols 07.02, and 14.02.

141CBO, 5360 South Workman Mill Road, Whittier, CA 90601. 16 Annual Book of ASTM Standardéol 14.02.
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box. For coarse aggregate samples, heavy cloth bags, suchaplicable sections of ASTM standards and publications of the
duck of about 9-0z (300 g/fh weight, is suitable, but in any National Institute of Standards and Technology relative to
case the instructions of the supervising official should beweights, weighing devices, measurements of volumetric glass-
followed. Bags or boxes for samples containing fine materialsvare, and pertinent standard tables. Existing equipment should
must be tight enough to prevent the loss of the “fines.” If thebe checked to see that it meets requirements of newly revised
moisture content of a sample is important, the container muspecifications.

be moisture tight. Containers must be clean. Samples must not5.1 Proper maintenance of testing apparatus should be
be placed in “used” sacks that contain residues of undesirablemphasized not only for the sake of appearance but because
or injurious material, such as sugar, flour, or certain saclgood housekeeping in a laboratory promotes care and interest
preservatives. The sizing in some new sacks can contaminaie the work. Operators should be instructed and trained so that
damp sand samples and entrain small percentages of air if thlkee proper use and maintenance of apparatus becomes a habit,
sand is used in concrete. not an occasional observance.

3.3 The sample container should be labeled or tagged to 5.2 Because weighing equipment is so widely used in the
convey the necessary information. A duplicate label that willconcrete and concrete-aggregate tests, some general remarks
not rot or mildew should be placed in the container. Aabout such apparatus are presented here. Scales and balances
transmitting letter should be sent to the laboratory with a copyshould have appropriate capacities, and should also possess the
of the letter inside the sample container if possible. Tags andensitivity and accuracy required by the particular test method
letters should contain all the data requested or deemed pertieing used. Sensitivity and accuracy should not be confused as
nent. If the sample container has a removable top, the identthey are not the same. Noncompensating spring scales should
fying marking must be placed on, or connected to, the body ohot be used. The operator is cautioned against small weighings
the container, not on the top. (Tops may become interchangedn scales of large capacity. Weighing apparatus should be
If certain samples are later transferred to laboratory storagperiodically checked to ensure that it is in good condition and
containers, the numbers should be affixed to the containers, nateets the requirements of the aggregate and concrete tests
to removable lids. involved. The accuracy of scales should be checked: at least

3.4 When samples are received at the laboratory, pertinemvery 6 months; when there is some doubt about their
identifying information should be recorded in a permanentaccuracy; or after they have been transported or mistreated.
book or log. The assignment of consecutive numbers tdhe accuracy can be verified with test weights kept for this
samples as received is a common practice, but numbers shoyddrpose alone or by utilizing the services of others such as
not be repeated, as starting anew each year, unless the numbstate, county, or city weights and measures departments or the
contain additional identification such as using the year desigservice department of scale manufacturers. Information about
nation in the number code. Repetition of numbers has causeequirements and definitions for weighing apparatus, as well as
serious confusion in studying the results of old tests. Amonghe methods of testing such equipment are found in the
suggested data to be recorded in a sample book are: kind appropriate federal publications. One reference that should be
material, source, date of sampling, name of the person whon file in every concrete laboratory is a recent edition of the
sampled the material, date of receipt of the sample at thdlational Institute of Standards and Technology Handbook 44,
laboratory, project, reference to related correspondence, tests$pecifications, Tolerances, and Other Technical Requirements
be made, person assigned the tests, and date of completionfof Weighing and Measuring Devicé$
the report of tests. Many laboratories use specially printed 5.2.1 All parts of balances and scales should be kept free
forms or books for properly associating results of tests with thérom sand and dirt. Overloading must be avoided. Balances
samples they represent. should be located on a substantial, stable base, and should not

3.5 Samples that have been tested should be retained untdst on easily removable shims. Zero settings are readily
questions regarding them or the tests are not likely to arise. disturbed if the balances rest on uneven, slippery slabs. The
weighing of relatively small quantities of some materials, such
4. TERMINOLOGY as an admixture, will usually require weighing equipment other

Definitions of terms relating to concrete and concrete aggrethan that used for the aggregates and cement. Balances must be
gates are to be found in ASTM Terminology C 125, Relating toglass-enclosed if weighings are to be made to fractions of a
Concrete and Concrete Aggregatesd related methods and gram. All weights used with the laboratory scales and balances
specifications. should be plainly marked; their magnitude and units should not

be a matter of memory or guess. The weights should be kept in
5. TESTING APPARATUS suitable protective containers, and they should be periodically

Testing equipment should be purchased subject to complichecked for accuracy. Care should be taken not to intermix the
ance with ASTM specifications. In any event, the apparatugveights from a number of platform scales that may have
should be tested for dimensions, weight, volume, materialdifferent lever ratios; such intermingling of weights has oc-
performance, and any other pertinent requirements. The opergurred and has caused large errors in the weighings of the

tor should not assume that new equipment meets ASTMomponent parts of laboratory concrete mixes. Care should be
specifications. The operator should be satisfied that the equip-

ment meets all requirements. With equipment use, wear does
occur and the O”g'_nal (_3a||brat|0ns may no Ionger be valid. 7For sale by the Superintendent of Documents, U.S. Government Printing
Before making calibrations, reference should be made tofice, Washington, DC 20402.
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taken to avoid the loss of set screws or other parts of ridehave persistent or severe discomfort. In case of eye cont
weights on balances and platform scales. flush with plenty of water for at least 15 min. Consult
5.3 It is sometimes helpful to make one member of thephysician immediately.
laboratory staff responsible for periodic maintenance and 6.4 When mixing or testing fresh concrete, wear safe
calibration of equipment. A schedule for this should beglasses, goggles, or face shields to keep concrete from spl
established. The dates and results of calibrations should krg into the eyes. When working around noisy equipment su
recorded. as crushers or screening plants, use ear plugs. Use dust m
5.4 Apparatus for measuring and controlling temperaturein dusty areas. Safety shoes are always advised.
relative humidity, or both, should be frequently checked to 6.5 A protective screen or curved shield of perforated me
determine whether the specified conditions are being mainshould be used to surround concrete test specimens that
tained. Recording instruments must be checked frequentlgxpected to shatter at high load. Such a shield can rest loo
particularly as to whether the proper charts are being used. upon the machine platen a small distance from the specim
5.5 Parts of apparatus that come into contact with concret&he operator should wear goggles, safety glasses, or a f
and mortar should not be made of material that will react withshield if the material scatters enough to warrant such prec
the concrete or mortar under the conditions of the test. tion. The clutch on the gears of the screw-loaded testi
5.6 Information that relates to the care and use of apparatusachine should be kept in proper adjustment so that it will n
in specific methods of test is usually included in the related tediall into gear unexpectedly while preparations are being m
sections of the manual. for test of a specimen.
6.6 Keep from under suspended loads. Use a distinct
6. SAFETY PRECAUTIONS color of paint for the moving parts of laboratory machiner
Safety precautions are essential, and one person should Pgovide elevators and freight lifts with automatic gates. U
authorized to see that the required safety precautions aggggles, safety glasses, face shields, hard hats, safety s
observed. First aid training not only provides instruction ongloves, and respirators whenever they are needed. Do not
procedures to be followed in an emergency but also points uphisels with broomed ends. Be cautious about flying fragme
the importance of safety measures. Emergency instructions qRemember that dry cement splashes like water and that
proper storage of combustible or explosive materials as well agrotection is necessary, particularly if the cement is h
telephone numbers of fire department, doctors, ambulance amgovide collectors for such dust as may be produced in
police should be conspicuously posted. grinding, sawing, or otherwise finishing or cutting concre
6.1 Among some of the more commonly mentioned precauspecimens.
tions are: proper grounds on electric equipment, proper fusing, 6.7 Some materials now in use in the concrete laborat
suitable extension cords where their use is necessary, anghrrant special precautions, for example, sulfur, sodium
adequate lighting. droxide, mercury, sulfur cements, benzol, alcohol, and carb
6.2 Provide suitable enclosures for moving parts of matetrachloride. An emergency eye wash station is advisable.
chines, particularly belts and gears. Laboratory personnel have 6.8 Some special lamps must be properly shielded to prot
been badly injured by contact with exposed gears or by beingnhe eyesight of workers. Proper ventilation should be provid
caught in a machine while testing specimens while alone in garticularly in closed air-conditioned laboratories. Hoo
laboratory. In a latter case, the operator managed to kick thehould be provided with suitable fire extinguishing equipme
switch off with his foot; this he could not have done if the when warranted. Safety showers and eye wash fount
switch had been located at a distance. Keep hands out ehould be at hand for operators in some lines of work, a
moving machinery, and do not touch revolving shafts or rollsthese should be in working order. Their water supply line m
or even the ends of the moving shafts, even though the parisot be controlled by any valve or valves that can be turned
may be polished and smooth. It is particularly dangerous t®y unauthorized personnel.
touch such moving parts with rags or gloves. One experienced 6.9 Doors to all rooms and special chambers, particula
laboratory man lost part of a hand when he touched a movinghg rooms and freezing-and-thawing spaces, should be fit
roll with his rubber-gloved hand while cleaning the apparatuswith latches that can be readily operated from the inside as
in the process of grinding some material. Moving parts will gs from the outside.
quickly seize cloth, rubber, and so forth, and may draw the 6.10 A telephone should always be available, particula
operator's hand or arm into the machinery. when an operator is working in the laboratory alone or at nig

6.3 Contact with cement powder or fresh (unhardened) 6.11 Capping room, when sulfur is used, should be prope
cementitious mixtures can cause skin irritation, severe chemientilated with an exhaust fan or hood. A fire extinguish

cal burns, or serious eye damage. Avoid contact with eyes anshould also be located in the room.
skin. Wear waterproof gloves, a fully buttoned long sleeve 6.12 Most of these safety admonitions have been promp

shirt, full-length trousers, and tight fitting eye protection whenpy recollections of actual happenings and they should not
working with these materials. Wash cement powder or freshreated lightly. Most of all, use common sense.

(unhardened) cementitious mixtures from your skin with fresh,

clean water immediately after contact. Indirect contact througl’?- INSPECTION OF LABORATORY

clothing can be as serious as direct contact, so promptly rinse An occasional inspection of a concrete laboratory by app
out cement powder or fresh (unhardened) cementitious mixpriate members of that laboratory’s staff is suggested to le
tures from clothing. Seek immediate medical attention if youif the laboratory has proper equipment, employs standard t
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procedures, practices good housekeeping, and observes safletyer of aggregate in the measure; it is not practicable to attain
precautions. This inspection should indicate managementthis much penetration with many graded coarse aggregates.
interest in the maintenance and improvement of the laboratorpuring rodding, the measure should rest firmly on a rigid base,
as a whole. and there should be no shaking or jolting of the measure.
7.1 Since 1929, there has been maintained at the Nationdlgging, vibration, or jolting may give appreciably different
Institute of Standards and Technology (NIST) a Researchesults from those obtained by rodding, particularly in the case
Associate Program presently known as the “Cement andf the finer materials. Reports should state clearly how the
Concrete Reference Laboratory.” This program is a cooperativeneasure was filled. When this method is used for lightweight
project of NIST and the American Society for Testing andaggregate, ASTM Specifications C 330, C 331, or C 38%
Materials, under the sponsorship of ASTM Committees CO1 ohoveling procedure is used.
Cement and C09 on Concrete and Concrete Aggregates. Theg 3 |t js difficult to strike off the aggregate at the top of the
most important function of the CCRL is to promote uniformity easure when large pieces of aggregate protrude above the
and improvement in testing through the field inspection ofigye| of the rim. It may be necessary to remove a few pieces of
cement, concrete, concrete aggregate, steel reinforcing bar, agh aggregate by hand in order to secure an average filled
pozzolan testing laboratories. Using load cells, micrometers;ongition but no finer aggregate should be added to fill the
balances, testing weights, and thermometers, which are racgsjqs in the surface. Overmanipulation during strike off will

able to the NIST, the CCRL inspectors evaluate equipment anghroquce additional compaction. Strike-off procedures are

procedures to the requirements listed in the relevant teiaricularly important in loose weight determinations made by
methods. In the concrete and concrete aggregate areas,

. . ; . shoveling procedure. Uniform procedures must be followed
inspection work is based on ASTM C 1077, Practice for

X ; if different laboratories, different operators, or duplicate tests
Laboratories Testing Concrete and Concrete Aggregates f

) ) d Criteria f b laf cHy the same operator are to check within the precision
Use in Construction and Criteria for Laboratory Evaluation. requirements of the method.

These services are advisory in nature, utilization is on a . .
voluntary basis, and there is no direct regulatory action 8.4 The method provides the formula for calculating the

involved. A second important function is the distribution of YOidS n aggregates after compacting in a standard size measure
proficiency samples of construction materials such as hydrauli'@ agcordance with C 29/C 29M procedures; the .term voids
cements, pozzolan, and concrete. Laboratories participating p|I.eS to the space between the aggregate particles under test
these cooperative testing programs find them to be of grerﬁnd IS expres_sed_as a percgntgge of total volume.

assistance in evaluating the quality of their work. Charges are 8.5 Determinations of voids in aggregate also can be per-
made for both the inspection and proficiency sample servicedormed on material compacted on a damp-loose or an inun-
Inquiries should be addressed to the Cement and Concrei@ted basis for special reasons. In addition, flow methods of
Reference Laboratory, National Institute of Standards andPose consolidation as proposed by Rex and Peck (Public

Technology, 100 Bureau Drive Stop 8622, Gaithersburg, MDRoads) and M. H. Wills (ASTM) are sometimes used to

20899-8622. determine void content which provides an index of particle
shape which can be used to estimate mixing water required in
8. UNIT WEIGHT AND VOIDS IN AGGREGATE concrete proportioning.

(See Test Method C 29/C 29M) 8.6 The percentage of voids has an effect on the concrete
Samples for test must be carefully selected. Before use, theroportions determined by ACI 211 procedures. The shape and
sample should be thoroughly mixed and spread to a UnlfO"%ading of particles affects the voids and, generally, smooth,

depth on a flat surface. The use of a flat rectangular scoop Witfhunded particles will show less voids contained than crushed,
sides approximately the same depth as the pile of aggregate #gular particles.

be tested will tend to reduce segregation when filling the
measure. ) 9. MAKING AND CURING CONCRETE TEST
8.1 Measures, particularly the larger ones, should be pro- SPECIMENS IN THE FIELD
vided with suitable handles for the safety and convenience of (gee practice C 3%)
personnel. Attention must be given to the requirements of the ] o ) )
method regarding relation between size of measure and size of | "€ sampling of concrete is discussed in Sections 3 and 21
largest particles of aggregate. The measures should be cafif this manual. Improper sampling may be costly to a concrete
brated as described in the test method. A glass plate is usé§Pplier by negatively influencing the compressive strength,
during the calibration to make sure that the water completelj@nd it may affect the slump, unit weight, and air content.
fills the vessel. A film of water pump grease or chasis grease 9.1 For compressive strength specimens made in the field in
placed on the rim of the container will help prevent leaking.accordance with Practice C 31 the specified mold size is 6 by
Occasionally the rims of new containers are not plane, and2 in. (152 by 305 mm). The use of smaller sizes is permitted
calibration is impossible unless high spots are removed. Thenly when required by project specification. If smaller sizes are
rim can be made plane by inverting the measure and grindingequired, the minimum size of the mold depends upon the
it on a steel or glass plate using emery cloth, carborundum, anaximum size aggregate used. The diameter of the mold must
valve grinding compound as an abrasive. be at least three times the maximum size aggregate in the
8.2 The rodding method requires that for the second andoncrete. In cases where the maximum aggregate is larger than
final layers, the tamping rod shall penetrate the last precedingin. (50 mm), a mold larger than 6 by 12 in. (152 by 305 mm)
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will be required or the concrete sample can be wet sieved amarking pens are generally satisfactory. Avoid ordinary color
described in Practice C 172 to remove aggregate larger than@ayons, because in moist air their markings will quickl
in. (50 mm). vanish. If identification marks are placed on the top of

9.1.1 The concrete cylinders should be molded where thgYlinder, they should also be placed on the sides to prevent |
cylinders will be stored for the first 24 8 h. Cylinders should ~ ©f identification after capping.
not be moved even a few feet if there is any way to avoid it. If 9.1.5 Molded cylinders shall be stored at an initial curin
cylinders must be moved they should be supported by the bagemperature of 60 to 80°F (16 to 27°C) for 488 h. Storage
of the mold and moved within 15 min of molding. The molds conditions are very important because of the effect on stren
should stand on a level and firm surface that is free fromdevelopment. Research has indicated that concrete subject
vibration. If the axis of the cylinder is not vertical, the ends high temperature (above 90°F (32°C)) during the first 24 h a
may not be parallel and will need to be sawed or ground tdhereafter cured at 73.4 3°F (23 + 1.7°C) may have lower
prevent thick wedge-shaped caps. This condition may adstrength at 28 days than similar concrete cured at Z33FF
versely affect compressive strength results. (23 = 1.7°C) throughout the entire 28 days. Any non-stand

9.1.2 Cylinders should be properly filled and consolidatecfUring conditions should be noted in the final report. F
by rodding or vibration, as required. Lack of attention to these>®CUrity reasons, curing boxes or buildings in the field sho
details can result in segregation and honeycombing. ExcessiR¢ Provided with a lock and key. _
over-filling of the last mold layer can cause a concentration of 9-1.6 Care should be taken to ensure that the moist
large aggregate at the top, with accompanying overflow ofondition of field cured cylinders at the time of removal fror
mortar. When rodding the second and third layers, the rodhe site is maintained throughout the period of transportati
should just penetrate the preceding layer of the earlier placeiom the job, storage in the laboratory, and during capping a
material. Ideally, only enough concrete should be added as tH€Sting. If cylinders are not transported to the laboratory with
top layer so that it can be finished without addition or removat*8 h, then moist curing at the site should begin within24
of concrete. When rodding each layer, tap the outside of th8 of molding.
mold lightly 10 to 15 times with a mallet to close any holes left 9.1.7 Three major problems in transporting cylinders fro
by rodding and to release any large air bubbles that may havée field to the laboratory are moisture loss, damage fr
been trapped. If consolidation is by vibration, care should bgarring, and temperatures outside the curing range. Moist
taken not to overvibrate. Usually sufficient vibration has beerloss can be prevented by wrapping demolded cylinders
applied as soon as the surface of the concrete has becorpstic or by surrounding the molded specimens in wet sand
relatively smooth. Continue vibration only long enough towet sawdust. Damage due to jarring can be prevented
achieve proper consolidation of the concrete. Over-vibratiorplacing the cylinders in padded containers that prevent mo
may cause segregation. Removal of the vibrating element toment. In extreme weather conditions cylinders should
quickly may result in the creation of a mortar pocket. Unusualplaced in the driving compartment of the vehicle. Practice C
care must be used in molding concrete of dry consistency iiequires that transportation not exceed 4 h.
single use molds to prevent damage to the bottom of the mold. 9.2 Practice C 31 also covers the making and curing
The mold should stand on a solid, level surface. When thdlexural test specimens or beams in the field. The earl
single use mold rests on a soft or uneven surface, the bottom discussion of selecting a site to mold the cylindrical te
the specimen may be uneven and difficult to prepare for th&pecimens and the curing after molding apply to the flexu
compression test. In fabricating more than one specimen at specimens as well.
time, the preferred method is to fill and consolidate the same 9.2.1 Practice C 31 requires that molds shall be waterti

layer of all specimens before continuing with the next layer.as judged by their ability to hold water poured into them. Mo
This will increase the uniformity of the Cylinders. Place beam molds require the use of a sealant to meet this requ
identifying marks on the outside of the molds, in case thement. In addition to the grease, modeling clay, or molt
specimen molds are disarranged in handling or transfer.  mijcrocrystalline wax mentioned in the practice, the laborato
9.1.3 Practice C 31 specifies that the molded cylinder benay wish to consider the use of silicon, latex or acryli
protected against moisture loss. The top of the cylinder shouldaulking as possible sealants. Their ease in application, q
be covered by a plastic or metal lid, a metal or glass plate, osetting time, continued flexibility and availability make an
a plastic bag. When using a cover made from a flexibleone of the three a good choice. Care should be taken
material, do not allow the cover to contact the concrete. Aapplying the sealant to the joints to avoid excess seali
plastic bag placed over the top of the cylinder with a rubbematerial in the interior of the mold. This could result i
band near the top of the mold does an excellent job. Wheirregularities along the edges of the beam. A smooth bead
using cardboard molds, the rubber band should be placed closealant approximatelyis in. fillet on the interior corners is
to the top of the mold to avoid wetting the outside of the paperecommended.
mold from condensation inside the plastic bag. Burlap or wood 9.2.2 Many beam molds are of the reusable type and,
should not be in contact with the fresh concrete. such, should be maintained in good condition. The insi
9.1.4 When hardened specimens are removed from thgurfaces should be smooth and free from a build-up
molds, they should be marked to retain their identity duringhardened concrete. The use of mineral oil or a non-react
curing. Black graphite crayon is good for marking a concretform release agent is required on the inner surfaces of
surface that has been in contact with an oily mold. Felt tipmold. Unless required by project specification the minimu
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size of beams made in the field shall have a depth and width afre obtained by following procedures in Test Method C 42.
at least 6 in. The length of the mold shall be at least three timeBrior to testing, cylinder ends should be capped or ground in
larger than the depth plus two inches. For 6 in. deep beams treccordance with the requirements of Practice C%1h
minimum is 20 in. The sides and bottom of the mold shall bealternative to C 61%is the unbonded cap system described in
free of warpage and be withirs in. of the nominal 6 in. width  Practice C 123%.The remainder of section 10 assumes that
or depth. Molds not conforming to the requirements of theC 617 is used for end treatment of cylinders. For information
practice can adversely affect test results. on the unbonded capping system refer to section 40 of this

9.2.3 In molding the beam, consolidation is accomplishednanual. However, when using the unbonded capping system,
by rodding or vibration. If rodding is used the number of section 10 should be read for a complete understanding of
strokes per layer is dependent on the top surface area. Use omaking and curing concrete test specimens.
stroke for every 2 irf. of top surface area of the specimen. If  10.1 In order to report the compressive strength, the cross-
consolidation is by vibration, care should be taken not tosectional area of the cylinder must be calculated prior to test.
over-vibrate. Usually, sufficient vibration has been applied aslo determine the cross-sectional area the diameter of the
soon as the surface of the concrete has become relativetylinder must be calculated. The calipers and scale shown in
smooth. Continue vibration only long enough to achieve propeFig. 1 can be used to measure the diameter of the cylinder
consolidation of the concrete. Over-vibration can result inprovided the scale is accurate to 0.01 in. (0.25 mm). Another
segregation of the concrete. Removal of the vibrating elemerdption for this measurement is micrometer calipers. Two
too quickly may result in the creation of a mortar pocket.  measurements at right angles at a midpoint on the cylinder

9.2.4 If consolidation has been accomplished with roddingshould be made. The diameter used to calculate the cross-
after closing the voids of each layer by tapping the outside ofectional area is the average of these two measurements. If
the mold, spade the concrete along the sides and ends of thglinders are molded with molds that consistently produce a
mold with a trowel. Do not spade a beam that has been
consolidated by vibration.

9.2.5 When demolding the beam, the mold should be = :
completely disassembled and the beam carefully removed i . S o
avoid damage to the young concrete. Do not attempt to remov ™ e ;
the beam by force. Tools such as hammers, screwdriver: ‘ﬂ.
mallets, or tamping rods can damage both the molds and tt ; f .
concrete and should not be used. I f P

9.2.6 An important factor in developing the ultimate "I"""?'r"?-"""
strength of the test specimen is the curing. If the beams ar
allowed to dry out during any part of the curing period the =
shrinkage cracks may form in the specimen lowering the
flexural strength. It is especially important that beams be
protected from moisture loss during the initial period of curing
in the mold. This may be accomplished by covering the
specimen with a plastic sheet. Additional protection can be
provided by placing a layer of damp burlap on top of the plastic
sheet. A good way to avoid the shrinkage cracks is to store th
beams in saturated lime water for the entire curing period afte
demolding. Curing requirements of beams are the same as fi
cylinders except that for a minimum of 20 h prior to testing, the
beams must be immersed in saturated lime water. i

9.2.7 A major problem can be the transportation of beam:
from the job site to the curing environment. In addition to the
problems of moisture loss already discussed, other concert
are the weight of the beam and the need to continually suppo
the beam over its entire length. If at all possible, beams shoul
be made at the location of the final curing. If beams must be
transported, a bed of damp sand and wet burlap covers a
recommended. The beams should not be transported on enc

10. COMPRESSIVE STRENGTH OF CYLINDRICAL
CONCRETE SPECIMENS (See Test Method C 39)

Test Method C 39 describes the testing of concrete cylindri- Nort 1Th " i dth | d h
cal test specimens for compressive strength. Molded cylinders ore 1—The outside caliper and the scale are used to measure the
d b d Practice & dhich d ibes field lameter of the cylinder for computing the area.
are prepare ase _0” ractice Ic escribes I,e FIG. 1 Checking Planeness of the Capped End of a Concrete
preparation or Practice C 19Zor laboratory preparation.  cyiinder Prior to Testing Using a 6-in. (152-mm) Machinists's

Drilled concrete cores which are also cylindrical test specimens Parallel and a 0.002-in. (0.05-mm) Feeler Gage
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cylinder diameter within a range of 0.02 in. (0.51 mm), s interval should be 17 000 to 42 000 Ibf. The specified rate
measurement of cylinders can be reduced to three a day or of@ading must be observed, but the rate cannot be increase
in every ten, whichever number of measurements is greatean attempt to maintain the rate when the specimen begin
The measurement of the height is only necessary if the lengtfail. The actual observed maximum or breaking load should
to diameter ratio exceeds 2.2 or is less than 1.8. If the L/D ratisecorded, as well as the computed compressive strength.
is less than 1.8, refer to the calculation section in Test Method 10.5 The cylinder must be tested to failure in order
C 39. If the L/D ratio is greater than 2.2, the end of the cylinderdetermine the type of fracture. The type of fracture should
could be saw cut to the proper length. reported along with the compressive strength. If the compr
10.2 After capping the cylinders with sulfur mortar 2 h  sive strength of a tested cylinder is less than anticipated
waiting period is required. During this period considerabletype of fracture may be of assistance in determining the cau
moisture may be lost from the sides of the cylinder unless th&ig. 2 shows a typical conical fracture of a concrete cylinder
cylinders are stored in moist air, under water, or wrapped ircompression. Conical fractures are typically better defined t
wet burlap until time of test. Cylinders should never be alloweds shown in this figure. Fig. 3 shows a cylinder which does n
to dry for long periods before or after capping. have the typical conical fracture expected. This type of failu
10.3 Test Method C 39 requires that the cylinder be centeredas noted in a large number of tested cylinders in a discar
with relation to the upper spherically seated bearing blockcylinder pile at a laboratory and was brought to the attention
This phase of the testing operation often does not receivéhe supervisor. It was found that non-standard testing pro
adequate attention. If a skewed cylinder is centered on thdures caused this type of failure. Correction of the testi
lower bearing block, the requirement that the axis of theprocedure resulted in conical fractures and an increase
cylinder be aligned with the center of thrust of the sphericallycompressive strength of about 40 %.
seated block cannot be met. Suitable jigs have been used t010.6 The following are numerous comments on testi
conveniently locate the specimen with respect to the bearinghachines, their use, and maintenance. Some of the remark
blocks, but it is necessary that the blocks themselves be wefleneral, while others refer to only one type of machine.
centered if they are to be the basis for measurements. Lower 10.6.1 Testing machines should be inspected and calibr
blocks may not always be in proper position. The upper bearingvery twelve months and there should be some fixed resp
block assembly in some types of machines may sometimes tsbility for maintenance. They should be kept clean with
out of position with respect to center of the crossheadaccumulation of debris or dust between platens and crossh
generally because of improper positioning when the assemblscrews and around the base of the loading ram. Use
was last replaced in the machine. In these cases, reposition tpeotective shields on rams, exposed screws, and test speci
upper head prior to testing. The upper bearing block should bmay prove helpful in this respect. Machines should be lub
rotated as it is brought to bear on the specimen to obtaigated according to an appropriate schedule. Smooth opera
uniform seating. of loading and crosshead screws may be facilitated by apply
10.4 Test Method C 39 specifies a rate of loading of 20 to 5& mixture of heavy lubricating oil and flake graphite, worke
psi/s. Fo a 6 in. diameter cylinder the increase in load in a 30well into the threads by a brush and by running the crossh

Note 1—Cones are usually better defined. The upper cap on this cylinder is too thick.
FIG. 2 Typical Conical Fracture Expected in the Compressive-Strength Test
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lower bearing block will be helpful. In cases where a supple-
mental bottom bearing block is used and the platen is large, a
piece of plywood has been used to protect the platen surface.
The plywood is cut to the shape of the platen with a cut-out to
accommodate the lower block. Concrete specimens should be
set in place, not pushed across the platen, and the surface of the
platen should not be used to grind or rub cylinders. If the
machine is a universal type and is also used to test specimens
in tension, the platen should be properly protected from
damage during the tension operation. Under no circumstances
should the testing machine be used as a press, as in forcing
shafts out of assemblies. Such misuse has been known to
necessitate expensive refinishing of the faces of the large
spherical block assembly. To prevent unauthorized use of the
testing machine for this purpose it may be advisable to keep a
lock on the switch box.

10.6.5 Drainage is recommended for all machine pits to
guard against flooding and consequent damage to motors,
bearings, screws, pumps, weighing systems, and so forth. This
is very important in the case of the larger machines. If dust is
to be blown out of machines and motors, an electrically driven
portable hand blower or a commercial size vacuum cleaner
with rubber or plastic nozzle should be used in order to avoid
the occasional moisture and scale from ordinary compressed
air lines.

10.6.6 The hydraulic testing machines vary in design and
operation. The instructions of the manufacturer should be
followed strictly to avoid damage to the machine and to secure
the best operation. The motor of the hydraulic pump should not

Note 1—Correction of testing procedures resulted in increase o€ stopped before releasing the load on the weighing system.

compressive strength of about 40 % in similar concrete. Cor!tr()' and release V§|V?S should be _U_Sed properly so as_to
FIG. 3 Atypical Failure of a Concrete Cylinder Due to Incorrect avoid shocks to the weighing system. Qil in the pump reservoir
Testing Procedures should be maintained at the proper level. If loads cannot be

obtained or maintained satisfactorily, check the reservoir,
) o ) pressure relief valves, and also the voltage on the line to the
up and down a few times. Fuses, travel limit switches, safety,ading pump. The crosshead should not be jammed nor should
cutouts on gages, and safety by-pass valves on loading liNg§e ram be used at its lowest point of travel.

should be checked occasionally. The main switches of the . .
machine should be relocated if not within immediate reach of 10‘6'6'1. The load indicating gage sh(_)uld be tapped lightly
the operator. when setting the hand at zero load. Maximum hands should be

10.6.2 Each operator should be adequately instructed in th%he(.:ked for satisfactory free movement. Be sure that d"'?ds’
articularly the smallest of a number of ranges, are not being

operation of his machine. Instructions for the use and mainte> oo ) .
b verloaded. If the machine is equipped with more than one

nance of the machine should be available to the operator; tog. . .
often such papers have been found filed with the purchas ial, occasionally note the nature of the agreement of different
papers ials at the same load. Remove the load gradually, and have

10.6.3 The moving head of a machine should not be allowedage control_valves setso as 'Fo avoid excessive backlash in the
to come in contact with the upper frame or the lower platen. [{di2l mechanism when a specimen breaks.
contact must be made, as in changing heavy bearing blocks or10.6.6.2 Capsule clearances, if a feature of the machine,
imposing a load for some adjusting purposes, an interveninghould be frequently checked to determine whether the correct
wooden block should be in position between the metal faceggmount of oil is in the weighing system. Capsule clearances are
Should the cross-head become accidentally jammed against theéeasured by inserting a feeler gage into the multiple openings
lower block or face of the weighing table, it would be well to below the ram. The average of these readings should be
try to remove the load by hand operation of the gears insteagompared to the clearance stamped on the capsule. When the
of using the motor. Under no circumstances should a testingverage of capsule clearance varies from the assigned clear-
machine be left unattended while running, even for a shoraance by more than 0.003 in. adjustments to the capsule should
time. Damage to the machine may result. be made. Add oil when capsule clearances are greater than the

10.6.4 The surface of the platen or table of the machinenaximum allowed. When oil is added, precautions should be
should be carefully maintained. The use of a supplementabken to avoid the introduction of air into the system.

10
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10.6.6.3 The specified air pressure should be maintained faame read-out. Some difficulty with the single read-out may
the null type weighing systems. Compressed air used in suabncountered in the area of increment of load change wher
systems should be filtered and dehydrated to remove oil, russmaller transducer stops and one with a larger capacity ta
dirt, and water. This filter should be checked periodically.  over.

10.6.6.4 Use proper wrenches on oil valves on hydraulic 10.7 It is important that proper bearing blocks be used a
weighing systems to avoid defacing or damaging the specidde kept in good condition. The faces of the upper and lo
valve assemblies. If trapped air in a hydraulic line is bled frombearing blocks should be checked for planeness and hardn
the weighing system, tighten the plug in the Bourdon tubeThe check on planeness can be made with a straightedge
before releasing the load. If oil is being lost rapidly from the 0.001 in. feeler stock. A block should be refinished when t
weighing system, check for loose joints on lines and loos@laneness requirement is not met. Fig. 4 shows the planene
packings on valves. Use the oil recommended by the manutpper and lower bearing blocks being checkedhai6 in. (152
facturer for replacement. mm) machinist’'s parallel and a feeler stock of the requir

10.6.6.5 Portable cylinder testers of the hydraulic type ar¢hickness. Scribed concentric circles on the bearing face of
frequently used in the field and in field offices. There are aupper block are required when the diameter of the blo
number of makes, and their details vary. Regardless of desigexceeds the diameter of the specimerybin. Concentric rings
machines should conform to all requirements of Test Methoan the upper spherically seated bearing blocks are necessal
C 39. Any testing machine used for testing concrete cylindersecure the specified end-loading conditions. Lower beari
must be power operated and continuous loading within certaiblocks are important in providing the necessary loading ¢
rates of loading. In addition, the section in Test Method C 3ditions, protecting the lower platen of the machine against w
entitled Load Indications should be reviewed thoroughly toand concentration of high loads, and facilitating the placing
ensure the dials of the machine are of proper design. Ththe test specimens. Concentric rings for the lower block
machine must be calibrated annually or after each time theptional.
machine is moved, and an appropriate certificate posted or 10.7.1 The upper spherically seated block should com
readily available for inspection (see Section 41 on Loadwith all the requirements of the applicable test method. T
Verification of Testing Machines). center of the sphere must coincide with the center of t

10.6.6.6 The latest type of indication for compression mabearing face. Ease of movement is important in securing
chines is the liquid crystal display (LCD) or light emitting proper seating of the block when subjecting the test speci
diode (LED) read-out. Generally speaking, they employ ao load. To maintain this ease of movement, the spheri
hydraulic ram to exert pressure on the test specimen. Thigortion and the socket should be cleaned and oiled periodic
hydraulic pressure is converted to an electrical signal by meari3o not use pressure type grease. The spherical portion and
of a transducer. Some machines have multiple ranges on ttsacket should be held in close contact with each other.

FIG. 4 Checking Planeness of Upper and Lower Bearing Blocks for a Testing Machine Using a Machinist's Parallel and a Feeler Gage of
the Required Thickness

11
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10.7.2 Avoid heavy concentration of load, such as encoun- 11.2 lItis particularly important that the ends of the cores be
tered with proving rings, without appropriate intervening properly prepared for testing. The ends of cores that are not
special bearing blocks or plates. Avoid use of cast iron bearingrilled perpendicular to the surface of a slab should be sawed
blocks, particularly with concentrated loads, even though théo produce square ends in order to avoid the use of thick
block has a hardened center insert. wedge-shaped caps. The bottom end of cores should be

10.7.3 When verifying the compression machine with prov-prepared in strict accordance with the requirements of the test
ing rings, the combination of the spherically seated bearingnethod, wherein are prescribed the tolerances in projections in
block, the small diameter of the proving ring at the contactend surfaces, variations in diameter, and departures from
surfaces, the rounded boss at the top of the proving ring, and@erpendicularity between the end surfaces and the axis of the
poorly centered proving ring may result in eccentric loading ofcore. Core ends that do not come within the tolerances should
the ring. When this occurs, the machine is no longer applyindpe finished by sawing or tooling until they conform.
pressure directly to the top and bottom of the ring but rather to 11.3 Test Method C 42 requires that the temperature of the
a corner of the top and the opposite corner of the bottomwater in which the specimens are stored shall be 723310°F
Warning: The condition described above can cause inaccurat23 = 1.7°C).
verification results and is extremely dangerous. In one case, the
ring was thrown from the machine resulting in serious injury to 12. SURFACE MOISTURE IN FINE AGGREGATE
the operator. During verification, remove the spherical bearing (See Test Method C 70)
block and replace it with a solid bearing block, or if a In Test Method C 70 the weight and volume of a sample of
replacement block is not available lock or shim the sphericalamp sand are determined. With an accurate knowledge of the
block into a position parallel to the lower block or platen. Thesaturated surface dry specific gravity of the sand, the free
use of load cells to verify compression machines variesnoisture content can then be computed. If the saturated surface
appreciably from the procedures used with the proving ringsgry specific gravity of the sand does not change and the same
but the same precautions and care should be followed to ensuweeight of sample is always used, the rather involved formulas
safe and accurate verification results. can be simplified, or graphs prepared for their simple, rapid

10.7.4 Provide a suitable ratio for length of overhang andsolution.
thickness of any extra bearing plates used between the bearingl2.1 The calcium carbide gas pressure method, although not
blocks proper and large test specimens. Check for loosan ASTM test method, is frequently used in the laboratory. In
hardened inserts in bearing blocks. this method, a small sample of damp sand is placed in a closed

10.8 Keep any centering pinholes clean; debris from tes¢ontainer with calcium carbide. The free water reacts with the
specimens sometimes becomes packed so tightly in these holealcium carbide, producing acetylene gas and, therefore, a gas
that it interferes with the proper seating of the lower block. pressure. The pressure gage is calibrated in percentage of free

moisture in the sand. Because of the small quantity of sand
11. OBTAINING AND TESTING DRILLED CORES

used, sampling technique is particularly critical.
AND SAWED BEAMS OF CONCRETE 12.2 Electrical and nuclear moisture meters are widely used
(See Test Method C 42)

in the field, but they are not well adapted to laboratory work.

Test Method C 42 applies to securing test specimens from 12.3 In concrete technology, the total moisture content is the
hardened concrete. When samples are taken from hardensdm of the amounts of water absorbed on the interior of the
concrete, the safety or adequacy of the structure is often undgarticles and the free water on the surface of the particles. Hot
question. Under these conditions the locations from whiclplate and oven drying methods dry samples to constant weight
samples are to be taken must be selected with care in order &nd therefore measure total moisture content. Displacement
obtain the desired information. The selection of samplingand calcium carbide gas pressure methods measure free or
locations may be aided by applying non-destructive testurface moisture. Electrical and nuclear methods do not mea-
methods such as Test Method C 803, Penetration Resistancesifre moisture per se. Their indication will depend upon the
Hardened Concreteor C 805, Rebound Number of Hardened method used to calibrate the meter.

Concreté which, when used by qualified personnel, can be 12.3.1 The method used to compute moisture content is
helpful in assessing the uniformity of concrete in situ, or toimportant and will determine the calculation procedures used
delineate zones or regions (areas) of poor quality or detericto adjust batch weights.

rated concrete in structures. The selection of sampling loca-

tions must not be left to personnel who are unfamiliar with thel3. FLEXURAL STRENGTH OF CONCRETE (USING
structural requirements. Specifications for pavements usually SIMPLE BEAM WITH THIRD-POINT LOADING)

specify the number and location of drilled cores. Test Method (See Test Method C 78)

C 42 covers quite well the details of securing the samples, but The dimensional tolerances for beam molds are less exacting
the following comments should be considered. than those for cylinder molds. Tolerancesiof/s in. (3.2 mm)

11.1 Large strains in the core can occur during drilling if theare permitted for cross-sectional dimensions, but since the
vertical shaft wobbles. This condition is usually caused bybeams are measured to 0.1 in. (3 mm) at the section of failure,
worn or loose drill bearings, or by lack of rigidity of the frame a variation of more than¥sin. is not considered to be
of the core drill. Cores obtained under such conditions ofterobjectionable. It is desirable that the inside vertical and bottom
will not meet the requirements for dimensions specified in thesurfaces of the mold be smooth and plane so that contacts
test method. between the bearing surfaces of the beam molded therein and

12
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the metal bearing blocks will require little or no correction to be compared, or when directed by the agency for which t
meet the requirements of Test Method C 78 for testing ofwork is being performed. A wetting agent will weaken the bo
beams. holding clay particles to larger aggregate particles, and

13.1 The curing of concrete beams and their moistureecessary to cut the oily film which occurs on aggreg
content at the time of flexure strength tests are much morparticles which have been through a dryer for use in bitu
important than in comparative strength tests of concret@ous mixtures and for aggregates extracted from bitumin
cylinders. Beams that are to be cured in accordance with theixtures. For other aggregates, using a wetting agent
requirements of the section on curing in Practice C 31 shoulfrequently reduce the number of washings required to rem
never be cured with liquid membrane-forming compoundghe fine material and may increase the amount of mate
instead of wet burlap, and should never be allowed to loseletected. With many aggregates, using a wetting agent or pl
moisture before testing. All beams and cylinders tested irwater will cause very little difference in the result. As with al
accordance with Practice C 31 should have free moisture otest procedures, the sampling procedure, sample size,
their surfaces up to the time the specimens are placed in theccuracy of weighing are important to obtaining proper resul
testing machine. 14.2 The 75-um (No. 200) sieve used for this test should

13.2 Check the flexural testing apparatus for conformanceeserved for this test only and not used for dry sieving.

with dimensional requirements and operating characteristics.
SPECIFIC GRAVITY AND ABSORPTION OF

13.3 There are several types of portable devices for flexurat®: 27
testing of beams in the field. In one type, the ultimate load is COARSE AGGREGATE (See Test Method C 127)

measured by a proving ring; in another, by a pair of calibrated The test method is not considered applicable to hig
beams; and in a third, a hydraulic machine, by a Bourdon tubegporous lightweight aggregates because of difficulties involv
If removable, these load-indicating devices should be caliin properly drying the very irregular, rough surfaces of the
brated in a precision testing machine; if not removable, theparticles. Surface drying of normal weight aggregates havi
whole machine should be calibrated with load indicators inrough, vesicular surfaces is also difficult and must be carefu
place. done if consistent results are to be obtained.

13.4 Test Method C 78 does not specify the moisture 15.1 The balance should be suited to weighing the amo
condition for beams at the time of test. Practices C 31 an®f material required. The container for holding the immers
C 192 describe the curing conditions for beams made in theample should be immersed to a depth sufficient to cover
field and those made in the laboratory, respectively. Botrcontainer at all times. The wire bails supporting the contain
practices require that beams be tested after storage in moist &lnould be of the smallest practical size to minimize the effe
or in limewater. Since the amount and location of the water irof a variable immersed length of wire bail. Entrapped
a beam at the time of testing in flexure affects the strength, nghould be freed from the sample prior to determining t
moist-cured beam should be permitted to lose water at anweight of the immersed sample by shaking the container wh
time, and there must be free moisture on all surfaces at the timignmersed.
of testing. Concrete beams sawed from pavements or structuresl5.2 Because of the difficulty of surface drying sma
are required by Test Method C 42 to be completely submergedggregate particles within the coarse aggregate test sample
in water at room temperature for at least 40 h immediately priomaterial smaller than the 4.75-mm (No. 4) sieve is general
to the flexure test. Loss of moisture from any surface should bdiscarded. Test Method C 127 provides for separating mate
prevented by covering with wet burlap or wet blankets duringat the 2.36-mm (No. 8) sieve for very fine coarse aggregat
the time between removal from water storage and testing. Itis 15.3 When the results of the test are to be used
required that the specimens be tested in a moist conditiorgroportioning concrete mixtures with aggregates used in
unless the agency for whom the testing is being done specifigoist condition, drying to a constant weight at the start of t
otherwise. test may be eliminated. The oven-dry weight is not neede

bulk specific gravity (SSD) will provide sufficient information.
14. MATERIALS FINER THAN 75-um (NO. 200) The oven-dry weight will be needed to determine the abso
SIEVE IN MINERAL AGGREGATES BY

tion of aggregate. Using aggregate without drying prior
WASHING (See Test Method C 1£7) soaking may be preferable when testing certain aggregate
When accurate determination of the total amount passing theslatively high absorption, since preliminary oven drying pri
75-pm (No. 200) sieve is desired as stated in Method C 136, fab test may remove moisture that cannot be regained in 24
Sieve Analysis of Fine and Coarse Aggredateth washing  soaking.
and subsequent dry sieving on the 75-um (No. 200) sieve ma:
be required. It is essential to refer to the applicable aggregate®- SPECIFIC GRAVITY AND ABSORPTION OF FINE
specifications to determine if both washing and dry sieving are AGGREGATE (See Test Method C 128)
required to establish compliance with the required specifica- In performing the determinations described in this te
tions. method, probably the most important step is that of bringi
14.1 Certain agencies require the use of a wetting agerihe sample to the saturated surface dry condition. The dryi
(household detergent) in wash water, although the historicgdrocedure specified does not involve the use of heat other t
procedure used by ASTM has been without a wetting agent gentle current of warm air, since the application of heat m
Washing with plain water shall be used unless otherwiseemove moisture from within the particle. The intent is t
specified by the specification with which the test results are teemove water from between the particles and from the surfa
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of the particles. Care must be exercised to prevent the loss of 17.2 Sieves suspected of wear and damage should be
fines when free water is drained from the sample in the initiathecked in comparison with good sieves. Periodically, sieves in
drying procedure. In addition, the sample should be stirred odlaily use, particularly those with smaller mesh, should be
raked rather frequently during the drying to avoid undue dryingexamined for holes and breaks around the edges. Observation
of particles at the edge of the pile. The cone procedurgf the particles on each sieve for uniformity of size can help
employed in this test method accurately defines the saturateatect defective sieves. Noncorrosive flux, such as rosin core,
surface-dry condition for the vast majority of sands; howevergpqid be used in making repairs to cloth or refastening to the
for a few angular sands and sands containing small quantiti§g,; s Whenever heating fine mesh sieves for drying the
of certain highly plastic clays, the sample will not slump until emperature must be less than the melting point of solder,
after the average surface-dry condition has been passed. imately 375°F (191°C)
these instances the technician may have to exercise Som@proxma_ y ) T ]
judgment in determining the end point by observing the typical 17-3 Jolting sieve cloths by impact to dislodge aggregate
color change that takes place as the sample reaches tRarticles caught in the openings can result in damage to the
saturated-surface-dry condition. Another procedure involve®ire mesh or the frame. Sieve frames may be tapped sharply on
placing a pat of sand on a dull or dark surface for 1 min; if thea hard, durable table top to accomplish removal of such
surface appears damp after removal of the sand it is not yavedged particles. Avoid striking sieves on another object, such
SSD and additional drying is required. as the edge of metal trash cans, to protect them from cuts and
16.1 Additional precautions should be taken to ensure thandentations. Damaged frames make it unlikely that the sieves
the material used for the mold is sufficiently rigid to preventwill nest properly. Sieves of finer mesh size require delicate
deformation with continued use. A minimum thickness ofhandling and striking on a firm pad to prevent damage to the
0.032 in. (0.8 mm) is required. sensitive wire cloth.

16.2 When filling the volumetric flask, the operator mustbe 17.4 The importance of sample preparation cannot be over-
sure that all air bubbles which may be trapped between themphasized. Loss of dust and fine particles must be avoided in
sand grains are eliminated by inverting and agitating the flaskguartering, splitting, and otherwise handling samples for sieve
Air remaining with the sample will result in erroneous specific ynalysis. When sand is quartered it should contain sufficient
gravity values. The final temperature of the flask, water angyisture to avoid the free-flowing condition characteristics of
sand is important and must not change. dry sands. Excessive moisture content will make the recovery

16.3 During removal of the aggregate from the pycnometeryf fines difficult and should also be avoided. To avoid loss of
care shOL_JId be gxerm_sed to §v0|dthe loss of fine matel‘I§|,.SInqﬁqu, coarse aggregate should possess moisture content
after drying, this weight will be compared to the original gjightly above the saturated surface dry condition for quarter-
weight to determine the absorption. ing or splitting. The sample should be dried to constant weight
using a convection oven for the sieve analysis test. For control
i7. AS\(I;E(;/ FIQEEAG’\,IAAI'LEYSS I(SSe(\?aFTZIST Ii/l':tl:g dcc(:) f%?E testing where rapid results are desirable, samples may be dried

in a microwave oven or hotplate, or it may be possible to use

Careful maintenance of sieves will make them last longesamples of coarse aggregate in a damp condition. The provi-
and preserve the efficiency. The fine aggregate sieves, usualfjons relating to the size of the sample required for coarse
8 in. (203 mm) in diameter, should be brushed clean to reducgggregates of different maximum sizes should be carefully
blinding of the mesh openings to a practical minimum. It isgpseryved. Such provisions in ASTM Specifications C 330, for
unnecessary to remove all particles lodged in the sieve afthri htweight Aggregates for Structural Concrét€ 331, for
eqch use. For sieves 300-um (No. 50) a”O_' coarser, use a S.'i'_ffghtweight Aggregates for Concrete Masonry Urfitgind
bristle brush (soft brass bristles and stencil brushes are Sat'€'332, for Lightweight Aggregates for Insulating Concréte,

fac';ory) to the und_erS|de of the sieve, but avo_ldmg a harsrére discussed in 17.9. A sample that is smaller than specified
raking action. For sieves 150-um (No. 100) and finer, use a so . . :
ay be nonrepresentative. The maximum amount retained on

bristle brush to the underside after each test, taking care not {02 ° L - o
damage the wire cloth by too much pressure or bg scraping.any sieve is limited 10 0.62 9/&(’009 Ibs/m_.) of sieving

17.1 The laboratory should have two complete sets of fin s_urface (200 g for the usu_al 8 in. (203-mm) dla_meter ;leve) fo_r
aggregate sieves that are reserved for more important routiﬁ'é]e aggregate as stated in M?thOd C.13§._Th|s r(_aquwemenF IS
work. When duplicate tests are made, one test should be ma&tended to pr.event ovgrloadlng the individual sieve, aqd n
in each set. A third set of fine aggregate sieves should pEiany cases will de_termme the maximum ampunt of matenal to
reserved for referee and reference tests. This set can be used 6 Si€ved at one time. When the sample size required for the
tests made in the Aggregate Reference Sample Program of tRg9regate exceeds the allowable amount of material to be
AMRL and to check the operating sets of sieves or any neveieved at one time, then additional intermediate size sieves can
sieves before they are put in service. Older or Suspect Sievé@ inserted between the critical sieve and the next Iarger sieve.
should be used for rough work, scalping and other nonsensitivAlternately the sample can be reduced to several smaller
work. The sieves in routine work should be checked by sievingubsamples through the use of quartering or splitting and the
a prepared sample alternately in the reference set. This shouléisults from these subsample portions can then be combined
be done about once a year or whenever there is reason &fter sieving. Weighing out an exact predetermined weight is
suspect the condition of the sieves in use. not permitted.
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17.5 The need for using the hand sieving method to test the 17.9 When testing lightweight aggregates, the sieve anal
thoroughness of sieving by mechanical devices is particularlghould be made following the special provisions of Specific
important in the case of very fine or angular materials or wherions C 330, C 331, and C 332, for lightweight aggregates. T
an 8-in. (203-mm) diameter sieve retains more than about 156pecifications require that the weight of the fine aggregate si
g of material. The material on each sieve should be observed ®ample shall be in accordance with the tables given. The co
see that it consists of discrete or separate particles and naggregate sieve sample shall be 283G (@ ft3) or more of
agglomerations of particles. Agglomerations may occur withthe material used for the unit weight test. To minimiz
dirty aggregate. degradation, do not mechanically sieve lightweight aggregal

17.6 Only sieves of the U.S. Standard Series and confornfor more than 5 min. Hand sieving may be preferable for the
ing to ASTM Specification E 11 are to be used with this testmaterials.
procedure. Specification E 11, Wire-Cloth Sieves for Testing
Purposeg, contains sieve numbers, dimensions of openings8. UNIT WEIGHT, YIELD, AND AIR CONTENT
and wires, and tolerances in those dimensions for the U.S. (GRAVIMETRIC) OF CONCRETE
Standard Series sieves. Other sieve series should not be (See Test Method C 138)
con_fused with the U.S. Standard Series. Other serie; sievesData obtained in the determination of the weight per cu
having the same humber may not _have the same opening as %%t of the freshly mixed concrete by ASTM Test Metho
S_tandard Series and would give dl_ff_erent res_ults. Old and WOk 135 is used to compute the yield or volume of a batch
sieves that do not have the specified openings should not l?:Ebncrete, cement content, and air content (gravimetric). T

uszd. Cal;e SthUId bhe taken to ﬁvclilldtccmfutsgg s!]gvet_numEbi ethod C 138 gives detailed instructions for calculating the
and numboer of meshes per inch. INote that Speciiication arameters from the batch weights of materials used and fr

?ch))(raw:Ir)l/?r?gv;/r:rgrg::?sn:a?;et;esslgcr;eetglz nvée?r:/: vsirrivgigiettheer L\fg; sults of the unit weight test. Since the air content is compu

ffects the size of the separated arti,cles For this reason th om the difference between the the_oretlcal gnd a ctual u
afec £l th tand z ated p d t. . i eights of the concrete, small errors in the unit weight test
use ot fargerthan standard Wires in orderto increase SCreen g v o 1hegretical unit weight caused by errors in the speci

will produce nonstandard test results. In addition, larger than _ . . . .
. . X ravity of the materials can result in relatively large errors
standard wire diameters will reduce the percentage of ope . ) .
he air content as computed in this test method.

screen area and may increase required sieving time. ) ) )
18.1 The test method provides for a range of container si

17.7 The oven dry weight of the sample before the test an .
of each fraction of the separated material should be determine?:ruom 0.2 to 3.5 ff(6 to 99 dr) for concrete having a range of

and recorded, thus securing a check on the work. It is advisab g)é”:]n%? r%?g'lg?l :rggi;eeg?;itzliﬁisrso\fvr}el:.fil(lig vr:/}tmh)cfngrl
to retain each separate fraction until the original sample weigh ) 9

can be compared with the sum of the weights of the individuaﬁre.3 too large to be lifted by hand. Mechanical means, such
fractions. oists and trolleys are necessary to move them onto scales

. . to empty them. It is, however, advisable to use the larg

17.8 Thg computation of the flnenes's mOdu".JS (FM) of an., enient measure to improve accuracy of test.
aggregate is described in the calculations section of Metho 18.2 Wh librating th th wat d |
C 136. The FM of an aggregate, determined in accordance with ~~* en calibrating the measure with water and a g

Method C 136, is the empirical number obtained by adding thé)late’ 'tE:S nece;saryhthat the open uppeir endlof thi mc;asutr)
total percentages retained on each of a specified series Bpne. y Inverting the measure on a glass plate that has

sieves, and dividing the sum by 100. The percentage retaine%Pateq with a light coat of machinist’s blue, .it Is easy to dete
on a given sieve is cumulative in the sense that any materi@"y Nigh spots that require work to provide the planen
retained on a sieve with a larger opening would also be retainedfauired.

on that given sieve and, therefore, regarded as retained 18.3 In the final filling of the measure, if it is necessary t
material. The U.S. Standard sieve sizes used for the fineneggld or remove concrete, it should be done by adding
modulus calculation are 150 pm (No. 100), 300 pm (No. 50)removing concrete, not mortar, so that the concrete proporti
600 um (No. 30), 1.18 mm (No. 16), 2.36 mm (No. 8), 4.75remain the same. The optimum amount of concrete is such t
mm (No. 4), and sizes 9.5 mn¥g(in.), 19.0 mm %2 in.), 37.5  after the rodding and tapping operation no concrete will ha
mm (1¥zin.), and larger, increasing in sieve openings in theto be added or removed. This ideal situation is rarely achie
ratio of 2 to 1. Use values for all sieves in this series, but noso the usual practice is to have a very slight excess to
other sieves. Intermediate sieves such as the 12.5¥in.Jf  removed by a strike off-plate. A flat plate of glass, acrylic
or 25.0 mm (1 in.) which are not in the fineness modulus seriegetal is required for striking off and finishing the surface of t
will frequently be employed when the aggregate has a narrowoncrete. The plates should be at lelsin. (6 mm) thick for
range of sizes or to determine compliance with some specifisteel andy2 in. (12 mm) for acrylic or glass. The edges of th
cations, but are not used in calculating the FM. In general, glass plates should be ground. Erroneously, a tamping r
small value for fineness modulus indicates a fine materialirowel, wood float or straightedge is sometimes used instea
while a large value indicates a coarse material. However, ththe specified plate to strike off the concrete. The tendency w
same FM may be obtained from a number of differentusing these instead of the plate is to leave the concrete h
gradations. Fineness moduli of concrete sands will range fromesulting in a higher indicated unit weight which affects th
about 2.30 for fine sands to 3.10 for coarse sands. computations which depend upon the unit weight.
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19. SLUMP OF HYDRAULIC CEMENT CONCRETE concrete, the surface of the last layer of rodded concrete should
(See Test Method C 143) be only slightly above the top of the mold before striking off

Test Method C 143 descries the skmp mold and i, 1 0 7602 of e concree i e amoi o a2 specled
this test method shows a slump mold having a riveted vertica ) y P

strip and riveted foot pieces and handles. A spun metal mol§" 15 strokes and add an additional representative sample of

. ) . . oncrete.
with welded handles qnd f_ootp|eces is prefer:_;\ble. When nv_et_eﬁ 19.3 The time element must not be overlooked when mak-
molds are used, the interior surface of the rivets and the joint

o Ihg the slump test since concrete may lose slump rapidly with
should be smoothed. The interior surface_of the mold should b ime. The time requirements of the test should be adhered to
smoothed and be free of dents, paint, oil, hardened concretg,

cement paste, and hardened mortar. The periphery of the 8 ig:osely. Screed the top of the mold and remove any concrete

(203 mm) base should be plane. If not, the slump cone shoul iat has collected around the outside of the base of the mold.
be placed on a plane glass or steel plate, and filed or ground gq?gcﬁn:ﬂdat”;uf;téhgfnlg?nre(?gg ﬁéﬂ?;déa;elééaﬁe\{ggcal
iTatﬁ,ruer][gorsr?ufnon:;%cr:eusp%r;thsegglrtﬁé ﬁ}igjﬂgfﬂﬂ?ﬁpggﬁi?f the entire test must be accomplished within an elapsed time

y ‘ P y of 2%2min. from the start of molding the slump. Although

reasons during shipment, transportation, or use and thus M&¥me technicians may rotate the cone before lifting to free the

Eﬁrsou:ﬁfe Cﬂf";iﬂit;ﬁ :g'ft';;atg;rr]e%zllfrat?:ris'towr;ﬁnetrhlsshgcéeurface of the concrete from the mold, such practice is not
) y L y brop . p[E)ermissible and should not be allowed. The mold should be
within tolerances. The interior of the cone should be wetted jus . ' . L
. . . removed carefully and uniformly, in a vertical direction. Slump
prior to the test. This test method may not be applicable for

concrete with a slump less thasin. (13 mm) and for concrete measurements should be made immediately. An inverted slump

with slump higher than 9 in. (230 mm). Due to the natural€°"e provides improved support for the rod in measuring the

angle of repose of the coarse aggregate in a sample of “flowinalump'

concrete”, this test method may not be applicable for slump20. LENGTH CHANGE OF HARDENED
higher than about% in. (190 mm). HYDRAULIC-CEMENT MORTAR AND
19.1 The use of a flat, moist, nonabsorbent (rigid) base =~ CONCRETE (See Test Method C 157)

under the mold is mentioned, but no specific materials or | ength change as determined by this test method is the
dimensions are stated. A metal plate is preferable, but a meticrease or decrease in a linear dimension of the test specimen.
sheet (16 to 20 gage (1.5 to 0.9 mm)) or a nonabsorbent coatinthe test method covers numerous details of the required
on a wooden base can be used satisfactorily. One magpparatus and procedure. Attention is directed to the required
operation is facilitated if devices which clamp the foot piecescontrol of temperature, relative humidity, and rate of evapora-
firmly to the base plate are used. The devices must be capahien.
of releasing without moving the mold. A concrete floor is 20.1 The molds required are those specified in Practice
satisfactory provided it has a steel trowel finish, is kept dampc 490, Apparatus for Use in Measurement of Length Change of
and is squeegeed surface dry immediately prior to making thgjardened Cement Paste, Mortar, and Conctdtieat practice
slump test. For laboratory use, a heavy cast or steel plate witiequires a thin coating of mineral oil on the interior surfaces of
machined top surface will be very satisfactory and can beghe mold. Do not use lard, animal, or vegetable oils since these
quickly cleaned between tests. A wooden base is not satisfagnay soften the surfaces of specimens. Molds should be
tory, since its surface rapidly becomes rough and uneven. There-oiled before the gage studs are mounted, to prevent the
slump cone should have sufficient contact with the base t@eposit of oil on the gage stud through contact with oily
prevent the loss of water, paste, or mortar from the concrete ifingers, oily rag, or lubricating brush.
the mold. When the test is made in the fle'd, a small level will 20.2 Micrometer dials genera"y used on a Compara’[or as
aid in leveling the base plate, which should be free fromdescribed in Practice C 490 frequently have a contact end
movement and vibration during a test. (anvil) that screws into the stem of the dial. This insert should
19.2 The mold is filled in three layers, each layer approxi-not be permitted to become loose. The proper use of a
mately one third the volume, not the height, of the mold. Somenicrometer comparator requires that a check reading be made
like to paint two stripes around the outside of the mold, oneon a standard reference bar before and after making readings
2%sin. (67 mm) from the bottom, the secon#stn. (155 mm)  on specimens, more frequently if a large number of measure-
from the bottom as an aid in determining the approximatements are to be taken at a given time. The reference bar is
depths for the equal volume points. In rodding the middle andlescribed in Practice C 490. The length of the reference bar
top layers of concrete the rod should penetrate only slightlshould be known, so that a replacement bar of the same length
into the layer below. Excessive penetration of the rod into thean be obtained should it be damaged or lost. The procurement
lower layers must be avoided. The required “heaping” of theof a second reference bar, tied in by comparative measurements
concrete above the mold rim before rodding the final layer camvith the currently used bar might be considered. The hardened,
be facilitated if an extension is used at the top of the cone. Sucpolished ends of the reference bar should be kept clean, but
extension can be made from a discarded cone by cutting off theaution is urged not to decrease the overall length by improper
upper 6 in. (150 mm), attaching lugs around the 4 in. (102 mmgleaning methods. For example, the measurements of an
diameter, and inverting the extension for use. By using such aimportant long-term study were seriously affected by the
extension, and by carefully estimating the required amount obperator’s practice of rubbing the reference bar ends on a piece
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of cloth or canvas that probably contained cement dust. These 21.3.1 Various other tests require that the concrete
frequent rubbings over a long period of time were found towet-sieved if the maximum aggregate size is larger than
have caused significant wear of the reference bar. Wheguitable for the size of the test equipment to be used or the
reading the dial micrometer, a gentle tapping with a pencil orspecimen to be made. Most test procedures require that
the dial case is recommended. The dial stem should be cleaninimum dimension of the specimen or the mold shall be
and should move freely, but should not be lubricated. least three times the maximum size aggregate used in the

20.2.1 Practice C 490 describes in detail the apparatus fasr the specimen. The specific requirements are given in
use in Test Method C 157, and all precautions and recommewarious applicable test procedures.

dations therein should be observed. 21.3.2 When there is a need to wet sieve concrete, this m
be anticipated ahead of time, and wet-sieving equipment t
21. SAMPLING FRESHLY MIXED CONCRETE will satisfactorily accomplish the wet-sieving operation

(See Practice C 172) rapidly as possible with a minimum of effort shall be provide
When samples are taken in the field, they should come frorAttempting to use an 8 in. (200 mm) diameter sieve by ha
predetermined batches in accordance with the sampling plamethod is not satisfactory.

The practice of testing only batches of low or high slump will - 27.3.3 Wet sieving concrete is best accomplished wi
fail to accurately describe concrete quality and uniformity.equipment that shakes or moves back and forth rather t

site to the conveying vehicle used to transport the concrete tfs rapidly as possible. The concrete which passes through

the forms; however, specifications may require other points Ok, e fa)is on a clean, moist, non-absorbent surface or pan
sampling such as at the discharge of a concrete pump. Samplf'esmixed for testing
from concrete that has been compacted or manipulated after its . ) . .

21.3.4 Fig. 6 shows wet-sieving equipment powered by

discharge from a mixer or agitator or conveyance are not ) , ;
lectric motor suitable for larger jobs and for mass concre

suitable for making acceptance tests for consistency, air cor’?h : h ble si q h ble f
tent, or potential strength. The interchangeable sieve mounted on the movable fral

21.1 Time limitations are imposed on taking different por_which is tilted slightly is moved forward and backward by th

tions of the composite samples, on preparing the composit fiving mecgamsmt. Ctohn(irete to bet\;]vet-gevec: 'ﬁ sho:/eltehd 0
samples for slump and air content tests, and for moldin e sieve. Loncrete that passes he sieve falls into the
specimens for strength tests. The time limitations should b nderneath and is used for further testing after itis recomb|
carefully observed to ensure that results of tests are considith @ shovel. Aggregate that does not pass the sieve roll

tently representative of the concrete. Elapsed time betweeij€ lower end of the sieve and into a pan or wheelbarrow to

compositing samples and performing tests or molding tesqiscarded. Wet-sieving of concrete should be done rapidly, _
specimens should be the minimum possible. Compositing di?€ concrete should be protected from the sun and the wi
samples and remixing should be performed at the place whert€ Sieves should not be overloaded.
tests are to be made or where specimens are to be molded. Test@1.4 When wet-sieved concrete is used for the air cont
and molding of specimens should be performed as close to tHest, the air content measured is the wet-sieved fraction, not
point of sampling as possible. total concrete. The aggregate larger than the designated
21.2 The practice of sampling concrete from the dischargévhich is removed and coated with a small amount of mortar,
stream from a mixer or truck, or from a pile, by means of aassumed to contain no (or little) air. Concrete specificatio
scoop or shovel, and then filling a test container (slump congnay specify air content for the full mix or for a fraction of th
airmeter bowl, cylinder, or beam mold) with several suchconcrete wet-sieved to a designated size. If the test is mad
samples without the required remixing should not be permittedthe sample wet-sieved to a given size, the air content of the
The filling of a 6 by 12 in.(150 by 300 mm) cylinder mold by mix may be calculated if the concrete-mix proportions a
placing it in the stream of discharging concrete is prohibited.known or determined. The air content of the full mix i
21.3 Practice C 172 provides for wet-sieving concreteobtained by multiplying the air content of the wet-sieve
where the concrete contains aggregate larger than can H@ction by the ratio of the volume of the full mix. (This ma
accommodated by the test equipment or larger than is suitable calculated from the known or determined mix for £ wd
for the size of the test specimens to be made. For example, Tektm® of concrete.) For example, 3 in. nominal maximum si
Method C 143 for the slump of concrete states that the test i8ggregate concrete is being produced. The air content
applicable for concretes having aggregates up¥#oirl. (37.5 —1¥2in. wet-sieved fraction of the concrete as determined wi
mm) in size. If the concrete contains aggregate larger than thian airmeter is 4.9 %. From the mix calculations for £(@.0
size, for example, 3 in. (75 mm) maximum size, the aggregat&®) of this concrete, the #£ in. fraction has an absolute or
larger than ¥2in. (37.5 mm) is removed by wet sieving, and solid volume of 4.62 ft The volume of the —#- in. fraction of
the slump test is made on the minu& in. (37.5 mm) fraction  the concrete is then 27.0 — 4.62 = 22.38 Tthe air content of
of the concrete. the full mix is 4.9 X 22.38/27.00 = 4.1 %.
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FIG. 5 Equipment for Wet Sieving Concrete by Hand

21.4.1 Unit weight tests to be used for concrete-mix com-
putations are best made on the full mix, although unit weighi
tests of a wet-sieved fraction of concrete can be corrected to tt
full mix when the mix details are known.

21.5 The test sample of concrete should have a volume of
least 25 % greater than that needed to make all require
specimens. The sample size requirement also applies to tt
amount of material left after wet sieving when large aggregatt
has been removed.

22. AIR CONTENT OF FRESHLY MIXED
CONCRETE BY THE VOLUMETRIC METHOD
(See Test Method C 173)

This test method is applicable to concretes containing an
type of aggregate. It is the only procedure considered satisfa
tory for determining air contents of concretes made with
lightweight aggregates, air-cooled slag, and highly porous o i
vesicular natural aggregates. The bowl of the apparatus |
permitted to have a minimum capacity of 0.075(8.002 n).
Typically this is the size of bowl used. With samples of
material this small, it is very important that a representative
sample of the concrete is tested. Concrete containing aggrege
retained on the % in. (37.5 mm) sieve shall be wet sieved
before testing.

22.1 The current test method is designed to better define tt
end point of the test. To accomplish this task, a large amount ¢
isopropy!l alcohol (rubbing alcohol) is used and time limits
have been inserted into the test method. The test method mi
appear complicated; but the appendix of the test method offel
a flow chart to help guide the user through the process.

22.2 Fill the bowl in two layers and properly rod each layer. = =
After rodding each layer, tap the side of the bowl with a rubber ~ FIG. 6 Mechanical Equipment for Wet Sieving Concrete
mallet. After the concrete has been struck off and the upper and
lower portion of the apparatus secured, insert the funnelhrough the opening in the graduated neck and add at least one
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pint (0.5 L) of water. Then add a pre-selected amount ofdoes not agree with the previous reading within 0.259
alcohol to the meter. Water is then added to zero the meter. Thaiscard the sample and start a new test using more alcohol

alcohol is added to prevent foam on top of the liquid and t022.2).

obtain a stable reading. The amount of alcohol is determined by 22.9 When the apparatus is disassembled, the content
various factors in the mix. The note immediately after thethe bowl should be examined to insure that no concrete is st
section Adding Water and Alcohol in the test method offersin the bowl. Do not confuse packed sand and gravel in the b

some guidance as to the amount of alcohol needed and tiéth undisturbed concrete. Remove and examine the cont

factors affecting the addition. To avoid delays when field-of the bowl to make an accurate evaluation of the make up
testing unfamiliar mixes, it may be appropriate to run trial testghe materials. If concrete is stuck in the bowl discard t
prior to field tests. Be sure to record the amount of alcohopample and run the test method again.

used. When using more than 2.5 pints, air content readings tend

to be higher than the actual air content; a correction, which i€3. MAKING AND CURING CONCRETE TEST

subtracted from the final reading, is used to compensate for this  SPECIMENS IN THE LABORATORY
difference. (See Practice C 192)

22.3 To release air entrained in the concrete it is important Record Keeping-All pertinent information concerning the
that all concrete in the bowl be dislodged during the invertingmaterials used in preparing laboratory concrete should
operation. Tip the device upside down and agitate it vigorouslyecorded. Experience has shown that such data may be v
to get the concrete out of the bowl. To prevent the aggregatable long after when details cannot be readily supplied fr
from becoming lodged in the neck of the meter, do not inverinemory. Record the actual weight of all materials used as
the measure for more than 5 s. Continue to invert and agitat@S the proportion of the mixture. The description of the cem
the measure at these short intervals for a minimum of 45 s angf1ould include type, manufacturer, source of shipment, type
until all the concrete is freed from the bowl. Aggregate shouldcontainer, and any applicable laboratory sample numbers.
be heard rolling around in the meter when the concrete is free§ment other than portland cement or other cementiti
from the bowl. It is important to continue to invert and agitate Materials is used, the specific gravity should be determined
until the aggregate is heard moving in the meter. recorded. If bagged cement is being used, the weight per

22.4 After the measure is inverted and the concrete is free hould be recorded. The description of any admixture used

from the bowl, return the meter to an upright position and roll e concrete should indicate the nature of the material, ma
’ N uprignt pe . facturer’'s name, brand, and lot number. If solutions of admi
the meter. Follow the procedure in the Rolling section to

; . ) tures are prepared in the laboratory, records should show
accomplish this procedure. Do not invert the meter after th brep Y

: ; : ctual quantities of admixture and water used. The quantit
rolling procedure has begun. Continue the rolling procedure fo q 9 y

. S . 5ny liquid used in the mix should be recorded. The quantity
1 min. The aggregate must be heard sliding in the meter durmﬂ]ixing water should be recorded in terms of the units actua
the rolling procedure.

- . _ used in the measurement, even though different units may
22.5 The remaining steps in the procedure include a seriggsed in the final report. A description of the type and capac
of readings to determine the air content. When reading the leveJf the mixer should also be included along with the tot

of liquid in the neck of the meter, the test method requires thenixing time. Note any deviation from the standard.
reader to “read the bottom of the meniscus.” The surface of the 23.1 Batch Size-The batch should be of sufficient volum
liquid in the graduated neck tends to take the form of a curveto leave about 10 % extra material after the test of plas
The bottom of the meniscus is the bottom of this curve. concrete and specimen fabrication has been completed.
22.6 A stable initial reading is obtained when the level ofsize of the batch must be within the working capacity of t
liquid in the meter does not change by more than 0.25 % withinmixer. A batch of less than one tenth of the mixer’s rat
a two-minute period. To accomplish this, read the meter whegapacity will not be mixed in the same manner as a stand
the liquid level appears to be stabilized; read the meter agaisize batch, and the percentage of mortar retained in the mi
after two minutes and compare the two readings. If a stabl#ill be excessive. Exceeding the recommended batch size
reading cannot be obtained within 6 min or if the foam in theresult in the sample not being thoroughly mixed, spillage, a
neck is more than two percent, discard the sample and startdgmage to the driving unit. Concrete used to fill the slump co
new test using more alcohol (see 22.2). and unit weight measure may be returned to the bat

22.7 Once an initial stable reading has been established af-mixed by hand and reused. Concrete used in filling either
recorded, the rolling procedure is repeated and a second stadjgeSsure or volumetric air meter must be discarded af
reading is obtained. If the two readings are within 0.25 %, th¢€Sting. The following is a list of equipment typically used an
last reading becomes the final meter reading. The final readinfj€ volume of material needed to fill each vessel:

minus any correction for the amount of alcohol used becomes _ Volume of Material
h ted ai tent. C ti to th . tent b d Test Equipment Required, ft
the reported air content. Corrections to e air content are based gjymp cone (C 143) 0.2
on the amount of alcohol used; see the table in the calibration cylinder mold (C 192) 6 x 12 in. 0.2
; ; Unit weight measure (C 138) ¥» ft34 0.5

section fOI’- t_h_ese corrections. i L Air content - pressure (C 231) Type B 0.25

22.8 If initial and repeat stable readings are not within  Air content - volumetric (C 173) 0.075
0.25 %, then the repeat reading becomes the initial and a third_Flexural beams (C 192) 6 by 6 by 20 in. 0.5

rolling and reading procedure is run. If the third stable reading “# capacity of the measure may vary due to aggregate size.
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A batch of concrete using non-entrained, Portland Type Lo the damp sand to reduce possible adverse effects when they
cement with normal weight aggregates weighs approximatelpre added closely together.

150 Ib/ft®. 23.5.2 Specification C 260, Air-Entraining Admixtures for
23.2 Temperature of Materials-Practice C 192 requires Concreté, and Test Method C 233, Air-Entraining Admixtures
that materials be at a uniform temperature, in the range from 68r Concreté, respectively, cover the requirements for and
to 86°F (20 to 30°C). It is preferable to have the materials amethods of test for air-entraining admixtures. Specification
this temperature for 24 h prior to testing. Comparative concret€ 494, Chemical Admixtures for Concréteovers the require-
mixtures should have about the same “as-mixed” temperatureglents for other chemical admixtures such as water-reducers,
23.3 Material (Cement-Trial batches are usually made retarc.i('ers,.accelerators, high-range water reducers, and SO forth.
with bagged cement. If available, it is better to obtain aSPecification C 618, Coal Fly Ash and Raw or Calcined
representative sample from the bulk cement supply. The drilatural Pozzolans for Use as a Mineral Admixture in Portland
cement should be uniformly blended. The cement stock shoulfément Concrefe covers the requirements for pozzolanic
be stored in tightly closed, moisture-proof containers, preferddmixtures. When using admixtures, attention should be given
able metal, throughout the tests. A steel drum with an easil{P the instructions and precautions furnished by the manufac-
opened lock rim with a gasket is one of the preferred types antrer of the admixture with particular attention to dosage rate
is easily emptied and cleaned. Practice C 192 states that &nd time of addition. Since the dosage size is relatively small,
cement material shall be passed through a No. 20 sieve prior {§2ke sure the method of measure is accurate and all of the

testing. Special attention should be given to this detail whe@dmixture is delivered to the batch. Syringes, pipettes, or
bricking or lumping are observed in the cement sample. cylindrical graduates have been found to be effective delivery

23.4 Material (Aggregate}-It is important that a represen- systems. Admixture manufacturers typically issue dosage rates

tative sample of both the coarse and fine aqaregate be useiH oz/cwt (ounces per 100 weight) of cementitious material per
P . ggreg .~ cUbic yard. When mixing batches with admixtures in the
Because aggregate may segregate during shipping, re-mix tf

ile continuously during sampling. A descriotion of the a re_Iaenoratory, it is recommended that dosages be measured in
P Sly 9 piing. 'P 99" miliilitres due to the amount used. In calculating the dosage
gate should include absorption and moisture content. Th

§ize of admixtures for trial batches, the following formulas
section on Preparation of Materials in Practice C 192 containgOuld prove useful: ’ g

several procedures for determining the weight of the aggregatg - "+ of cement used per cubic yard of concrete:
and the weight of the water contained in the aggregate. No X X 94 (Ib/bag) = Ib of cement/fd '

matter which procedure is used it is important to add th§,narex = number of bags of cement per yard of concrete.

amount of free water (surface moisture) contained in the,ount of admixture used per cubic yard of concrete:
aggregate to the amount of mixing water when reporting mix (Ib of cement/lyd/100) X D = ounces of admixture/yd

water amounts. Due to the porous nature of lightweightyhereD = dosage rate of admixture, oz/cwtfyd

aggregate it is important to saturate the aggregate prior to Usgmount of admixture used in mix batch:

Otherwise the Iightyveight aggregate will remove mixing water 57 of admixturelyd X (V/27) = oz of admixture/batch

from the batch during the mixing operation. whereV = volume of the concrete batch to be mixed in the
23.5 Material (Admixture}—Concrete produced in the labo- |aboratory, ft.

ratory often involves the use of chemical and mineral admix-Convert ounces to millilitres:

tures which may be either in powdered or liquid form. Each ouncesx 29.57 = millilitres

type is handled differently. Insoluble admixtures in powderedSolutions should be labeled and stored in accordance with the

form should be pre-mixed with the cement prior to introductionmanufacturer’s guidelines. Nonmetallic containers are pre-

into the mechanical mixer, and mixed with the sand and cemerferred for storing solutions. Outdated solutions should not be

when mixing by hand. Care must be taken in adding theused.

powdered admixtures that are used in very small amounts 23.6 Material(Water)—In calculating the amount of water

(often from 0.01 to 0.2 % by weight of cement) to distribute for batching, allowance should be made for free and absorbed

them evenly and blend them uniformly with the cement whenwater in the aggregate.

preparing a concrete mixture. 23.6.1 When mixing batches of concrete, the water cement
23.5.1 Soluble chemical admixtures should be prepared asratio is usually specified or previously determined by trial

water solution unless instructions dictate otherwise. Suclvatches in which the water-cement ratio is determined based on

solutions and chemical admixtures that are marketed as liquidbe strength of the concrete. The water-cement ratio is used to

should generally be introduced into the mixer with the mixingcalculate a mix design weight of water. Calculate the amount of

water. The solution should be included in the calculation of thenixing water to be batched by determining the actual moisture

water content of the concrete. Solutions that are not compatontent in both fine and coarse aggregate. In making these

ible, such as calcium chloride and certain air-entraining agentsalculations, the following formulas may be of assistance.

or set retarders, should not be intermixed prior to theirPercentage of water in aggregates:

introduction to the mixer, but should be added to the batch oFree water, %= total moisture content, %— maximum absorp-

concrete in accordance with the manufacturer's recommenda- tion, %

tions. Air entraining admixtures, when used with either water- )

reducing or set controlling admixtures or both, are often addeOWhere'
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Total moisture content, % = total amount of water con- of the scale. Further clarification is provided in the Scal
tained in the aggregate ex- Ssection of Practice C 192 and the accompanying note.
pressed as a percentage 23.10 Buttering—When a concrete mixer is first used,
((weight of water in the coating of mortar is left on the interior surfaces of the mix
aggregate/oven-dried after the batch has been discharged. To avoid this loss of
weight)* 100), and batch material, the mixer should be buttered prior to batchi

Maximum absorption (%) = maximum percentage of water concrete. The mixer is “buttered” by mixing a batch propo
trapped in the aggregate ((ab- tioned to simulate closely the mortar portion of the first te
sorbed  water/oven-dried batch. Discharge the contents of the mixer once all interi
weight)* 100) surfaces have been coated with the mortar. The coating

A A negative number for free water, %, means the aggregatmortar adhering to the mixer will prevent the loss of mort
will absorb some of the mix water. from the test batch. “Over-mortaring” is another option t
Amount of free water in aggregates: “buttering.” In this technique, the mortar portion of the batch

Weight of free water = free water, %oven-dried batch weight adjusted to include the amount of mortar that will remain in t

interior of the mixer after the batch is discharged. The amo

of mortar added to the batch is dependent on the size of
mixer in the laboratory.

23.11 Adding Admixtures-The timing and method of intro-
ducing the admixture into the batch can have important effe
on properties of the concrete and it must be the same fr
batch to batch. For example, delaying the introduction of
retarding admixture as little as 30 to 60 s after the start
where: mixing has been shown to have important effects on the time
design mix water = mix design quantities of water adjusted set, air content, and water requirement for a given consiste

proportionally to batch size. To avoid influencing future batching, the mixer or mixing pa
should be cleaned thoroughly after preparing concrete cont

23.6.2 Vessels for storage of water must be clean. Volumetng a different chemical admixture. The cleaned mixer sho
ric measures should be checked for accuracy and their capaci¢ re-buttered before mixing a new batch of concrete.
should be marked thereon. The tare weights of vessels used for23.12 Mixing—Practice C 192 describes the procedure f
weighing water should be checked occasionally. hand mixing of concrete. Hand mixing is not to be used f

23.7 Safety—Belt, chain, or gear drives on mixers should be air-entrained concrete. The requirement for a “damp” me
adequately guarded to prevent injury. Fresh concrete can caupan in hand mixing does not mean standing water in the p
chemical burns. Personnel should wear safety glasses, gogglé&sscess water will affect the slump of the concrete. One meth
or face shields to protect the eyes from concrete splattert® prevent this from occurring is to place water in the pan a
during mixing. Hands and exposed skin should be protectedet all interior surfaces and then turn the pan upside down
from contacting the concrete. If hardened specimens are curedlow any excess water to drain. For either the revolving dru
in limewater, technicians should wear waterproof gloves toor the open-pan type of mixer, the mixing cycle is clearl
protect skin from irritation and rashes on the hands and armgresented in the Machine Mixing section of Practice C 19
when placing or removing specimens from water storageThe equipment, procedure, and time of mixing can grea
Lifting devices are commercially available which allow cylin- affect the compressive strength and amount of entrained
ders to be removed from the storage water without placingind no variations from the required cycle should be permitt
hands in the limewater. If deviations occur, they should be recorded in the notes on

23.8 Mixer Operation—The mixing action of tilting drum  batch.
laboratory mixers should be critically observed and deficien- 23.13 Sampling After Mixing-Sampling of either hand-
cies corrected. Mixers of this type sometimes run too fast tanixed or machine-mixed concrete has an impact on the t
properly mix concrete of the type used in laboratory work. Theresults of concrete. It is necessary that each scoopful
concrete should roll off the blades in a tumbling action forshovelful of concrete taken from the batch to fill the specim
thorough mixing. Sometimes mixing action can be improvedmolds be representative of the batch. In order to maint
by reducing the speed or changing the angle of inclination ouniformity of machine-mixed concrete, the concrete must
tilt of the drum, or both. remixed by shovel or scoop after depositing in a clean, da

23.9 Batch Weighing—Practice C 192 requires that all ma- pan. Concrete that tends to segregate (slumps larger than
terials shall be weighed on scales in accordance with thé76 mm) or concrete containing nearly spherical coarse ag
requirements for sensitivity and tolerances prescribed by thgate) should be remixed after the removal of one or
National Institute of Standards and Technology Handbookscoopfuls or shovelfuls. Scoops or shovels should be use
4417 In weighing materials for batching, it is important to use sample the concrete. Sample the concrete, not in horizo
the correct capacity scale to ensure accurate scale readings. Tlagers, but throughout the depth of the batch with the leadi
material to be weighed should have a weight greater than aboetige of the scoop or shovel, sliding along the bottom of t
10 % of the capacity of the scale but not more than the capacitgan.

where:

oven-dried batch weight = mix design quantities of oven-
dried aggregate adjusted pro-
portionally to batch size.

Amount of water to be batched:
Mixing water for the batch = design mix water — free water
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23.14 Molding—After each layer of concrete is placed in forced resonance method or (2) the impact resonance proce-
the mold, rod or vibrate test specimens in accordance with thdure. The same procedure must be used for all specimens in a
section on Methods of Consolidation in Practice C 192. Whermiven group.
using single-use plastic cylinder molds care should be used not 24.1 The forced resonance method uses an electro—me-
to contact the mold with the vibrating element or tamping rodchanical driving unit to vibrate a specimen. The driver unit is
during consolidation. Also, the tamping rod should not be use@perated by a variable—frequency oscillator. A lightweight
in closing the voids left by rodding. When using light-gage orpickup unit attached to the specimen is used to measure the
single-use plastic cylinder molds, the open hand may be usegimplitude of vibration as the driving frequency is varied. The
to close these voids. When using a vibrator as a means efmplitude of vibration is displayed on an electronic indicator.
consolidation, do not overfill the top layer of the mold before The value of the frequency causing maximum amplitude is the
vibration. In addition, it is preferable to vibrate all specimensresonant frequency of the specimen.

of equal slump and proportions in a test group for the same 24 1.1 The impact resonance method uses a small impactor
length of time _and in an |dent|cal. manner. Qver—wbratlon(hammer) and a lightweight accelerometer to measure the
should be avoided. Usually sufficient vibration has beenipration of the specimen. The output of the accelerometer is

applied as soon as the surface has become relatively smootl.:orded by a computer—based system which determines the

Excessive paste and bleed water on the top surface of th@sonant frequency of the specimen by analyzing the recorded
specimen is an indication of over-vibrating. After the molding qa¢a.

operation has been completed, move specimens as little as
possible. Attention is invited to the Place of Molding section N asonance method depends on the accuracy with which fre-

Practice C 192. quency can be determined. The actual oscillator frequency

. %5'15 Clgrin?h—Practicet c 192_ requirebs t(;'at aT:jer d248 dh t saould agree closely with the indicated frequency, within the
In the molds, the concrele specimens Oe emo f and stor&flecified+2 % or else a calibration curve should be prepared.
in either moist air or limewater at 73 3°F (23 + 2°C). The TP

moist storage rooms or water storage tanks used in curing sh%
be in accordance with the requirements of Specification C 51]&[
Moist Cabinets, Moist Rooms and Water Storage Tanks Use

in the Testing of Hydraulic Cements and Concrétedost

24.2 Forced Resonance Metheedlhe accuracy of forced

e oscillator can be calibrated over its complete range by use
an electronic counter or by synchronization with the
andard time signals broadcast daily over station WWV by the
ational Institute of Standards and Technology. If a calibrated

electronic counter is included in the oscillator circuit, it may be

Iabor?r;cortles. usle mo;)st-m; curing beca}use of space rgqutwe(t:{ {Red for frequency determination, and the oscillator calibration
cure the typical number of SpECIMENS In an average Size lesting o4 .aqyired. It is necessary only that the frequency output of

facility, a_nd the ease in locating a tgst specimen. There shou e oscillator at any setting be stable during the duration of the
be free air space around each specimen, and free water must

maintained on all surfaces of the specimen. In a good moist
room, the fog spray will be thick enough to hamper visibility at . X . .
g spray g P y aluminum prismatic bar has been found suitable for system

10 1o 15 ft. \éerification. Such a bar may be used to check system operation

23.15.1 When storing strength test specimens in water, th
water should be saturated with calcium hydroxide (highat about 2000, 2500, 3200, and 5900 cps (HZ)' These corre-
pond to two transverse resonant frequencies, the torsional

calcium hydrated lime) as required in Specification C 511. Th sonant frequency. and the lonaitudinal resonant frequenc

purpose of the calcium hydroxide-saturated water is to preve d Y, an gitud quency.
the leaching of calcium hydroxide from the test specimens. h.e resonant frequencies of the aluminum bar are detgrmmed
Calcium hydroxide, sometimes referred to as “mason Iime,'usmg the same procedure as for a concrete specimen. A

should not be confused with ground limestone or “agriculturalreference bar of this type can be used at any time and can be

lime.” The water should be saturated with calcium hydroxideShipped from place to place to check and synchronize several

and the temperature stabilized before immersing the firgp'€Ces of equipment. Smaller size aluminum or other metal

cylinder. Storage water is considered to be saturated when trﬂ%\‘jg‘z%?ghaélf?/;ﬁgssfﬁé:z\;\;et\ézr;Ei\:gsonam frequencies will

calcium hydroxide being added will not go into solution. The ) _
water depth must be sufficient to completely cover specimens 24-2-2 The sonic equipment should be allowed to warm up

2421 A 3 by 4 by 17-in. (76 by 104 by 430-mm)

at all times. for 2 min prior to use to stabilize the electronic circuits.
24.2.3 The driver unit can be conveniently mounted on a
24. FUNDAMENTAL TRANSVERSE, stand so that it can be readily placed against the test specimen.
LONGITUDINAL, AND TORSIONAL Some driver units are made from an audio speaker that has
FREQUENCIES OF CONCRETE SPECIMENS*® been modified by attaching a steel tip to the speaker dia-
(See Test Method C 2%5) phragm. In contacting the concrete with the tip of the driver,

Two alternative procedures are permitted in determining the€are should be taken not to break the tip loose from the
fundamental resonant frequency. These procedures are: (1) th@phragm. The tip should not be struck sharply or subjected to
great pressure. The driver unit should be pushed against the

specimen with just enough force to prevent a chattering sound

18 For additional explanation see Whitehurst, E.A., “Evaluations of Concrete B ; i : ; ;
Properties From Sonic Tests” ACI Monograph No 2., and Malhotra, V.M., “Tes’(ingWhen the Specimen 1s bemg vibrated. Avoid excessive force.

Hardened Concrete Nondestructive Methods” ACI Monograph No. 9., AmericanThe_piCkUp unit can be held against th_e concrete_by sprir)g
Concrete Institute, Farmington Hills, Michigan. loading or by a rubber band, or by the weight of the pickup unit
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alone if sufficient to provide good contact. The pickup shouldto determine the longitudinal resonant frequency. The choi
not be allowed to become wet, since water may damage it. Anay also be influenced by the use of the data. The longitudi
small amount of grease can be added to the tip of the stylus toequency reflects the average condition of the specim
aid in coupling the transducer to the concrete. whereas surface disintegration produces a disproportiona
24.2.4 When moving the pickup and test specimen, the gaihigh reduction in transverse frequency. Test Method C 6
of the indicator circuit should be reduced to avoid damage t&pecifies transverse frequency because it is important to de
the meter. surface deterioration as well as general deterioration.
24.2.5 The driving amplitude should be maintained as low 24.2.10 Temperature change within the normal laborat
as is feasible for good response at resonance to avoid distgiange should not affect results appreciably. Moisture cont
tion. Maintaining the driving amplitude as low as possible alsgprobably has a slight effect on results but this is probably
saves wear and tear on the equipment and spares the earssighificant unless the moisture content is changed appreci
other laboratory employees. Between tests of individual specicompletely dry to saturated, for example). Poisson’s ratio
mens the driver amplitude should be reduced so as to beeported to increase with degree of saturation.
inaudible. 24.2.11 Specimens containing freezable water will sh
24.2.6 The sonic equipment should be kept in a dry placehigher fundamental frequencies if tested when frozen. Ho
24.2.7 Drift can be determined by periodically checkingeVver, to eliminate completely effects of temperature a
with the aluminum bar, an electronic counter, or by otherchanges in moisture content, beams on which several suc
means. If drift is detected, the instrument should be checked b§ive readings are to be taken should be kept at the s
a knowledgeable electronics technician or returned to thé&mperature (above freezing) and moisture content, if possi
manufacturer for repair. 24.3 Impact Resonance Methedn the impact resonance
24.2.8 In measuring the fundamental resonant frequencynethod, the specimen is struck at the appropriate position
the operator should have a general idea of the approximaf small hammer. The impact causes the specimen to vibrat
value to be measured. Otherwise, it is possible to make a grodi§ natural modes. An accelerometer mounted in the pro
error in the measured value of the resonant frequency. Thigosition is used to monitor the vibration of the specimen. T
error occurs when the specimen is driven at a frequency that utput of the accelerometer is analyzed to determine
a fraction of the fundamental resonant frequency. For example&/ibrational frequencies. This technique is analogous to ringi
if the fundamental resonant frequency is 3000 Hz and thé bell by striking it with a hammer.
specimen is driven at a frequency of 1500 Hz, the specimen 24.3.1 There are two common methods for determining t
will vibrate at its fundamental resonant frequency and theesonant frequency from impact testing. One method is ba
amplitude indicator will indicate a peak value. Thus the useron counting the number of zero crossings of the accelerom
could report the resonant frequency as 1500 Hz. High amplisignal. This is accomplished by electronic circuitry, and t
tude vibration would also occur if the specimen were driven ainstrument displays the digital value of the resonant frequen
1000 Hz, that ig/s of the fundamental frequency. To avoid this The other technique uses a digital signal processing met
problem, the instrument should be equipped with an oscillothat determines the predominant frequencies contained in
scope that displays the oscillator output versus the receivaccelerometer signal. These frequencies include the funda
output. When the specimen is being driven at the fundamentdiél resonant frequency plus the frequencies of higher vib
resonant frequency, the oscilloscope shows an elliptical pational modes. The output from the signal processing is a gr
tern. If the specimen is driven &b its fundamental resonant of amplitude versus frequency, known as the amplitude sp
frequency, the oscilloscope shows a pattern resembling thiseum. Resonant frequencies appear as peaks in the amplit
infinity sign, (). spectrum. The fundamental resonant frequency is the peak
24.2.9 Usually torsional frequencies are determined onlfhe highest amplitude and lowest frequency. In this seco
when it is desired to determine Poisson’s ratio or the modulugethod, the frequency resolution is the inverse of the durati
of rigidity. In order to calculate Poisson’s ratio, it is necessaryof the sampling period. A longer sampling period results
to determine the torsional frequency and either the transverdéigher frequency resolution. For example, if the sampli
or longitudinal frequency. Some laboratories routinely deterfrequency is 20 kHz (sampling interval of 0.00005 s) and 10
mine all three resonant frequencies when testing specimens. Rpints are recorded, the resolution is 19.5 Hz (1/0.0512 s).
determining E from the longitudinal frequency, it is not the sampling frequency were lowered to 10 kHz, the frequen
necessary to know Poisson’s ratio provided L/d is not less thafesolution would be 9.8 kHz. The user must make sure that
2. The fundamental longitudinal frequency is normally consid-sampling frequency is at least twice the resonant frequenc
erably higher than the fundamental transverse frequency. F&€ measured. For example, if the sampling frequency is
the previously mentioned aluminum bar, the fundamentakHz, the maximum frequency that can be measured is 10 k
longitudinal frequency is about 5950 cps (Hz) and the funda- 24.3.2 The nature of the impact is critical in the success
mental transverse frequency in the direction of the smallethe impact resonance method. If the duration of the impact
dimension is about 2000 cps (Hz). It is a matter of choicetoo long, it may not be possible to excite the fundamen
whether to use longitudinal or transverse frequencies, sinceesonant frequency of the specimen. Test Method C 2
Young’s modulus can be calculated from either. The amplitudespecifies a hammer that has been found to be suitable for
of vibration in the longitudinal direction is much smaller than typical specimens used in Test Method C 666. For smal
in the transverse direction, and more operator skill is requiredpecimens, it may be necessary to use hammers of sm
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mass. The force of the hammer impact does not have an 25.5 The Type B airmeter is sometimes used for the
appreciable effect on the resonant frequency. However, the usdetermination of the air content of a fraction of the concrete
should use a similar impact force from specimen to specimenvet-screened or hand-picked to a maximum size appropriate
Some practice may be required to learn the proper techniquér the size of the meter being used, with a correction being
which should be a sharp, quick impact. It is best to hold thenade for the aggregate removed, which is assumed to contain
handle of the hammer loosely between thumb and forefingemo air. If wet-sieving is used, the effect of this operation in
when striking the specimen. reducing the air in the concrete must be considered. For
24.3.3 By using the impact resonance method, it is possibladditional information see Section 21.4 on Sampling Freshly
to determine the torsional resonant frequency of a cylindricaMixed Concrete.
specimen. To excite the torsional mode, it is necessary to strike 25.6 Base the selection of the method of consolidation on
the specimen with a tangential blow as shown in Fig. 4 of Testhe slump unless the method is stated in the specification under
Method C 215. Practice will be required to develop the propemwhich the work is performed. Rod concretes with a slump
technique. The user should know the approximate value of thgreater than 3 in. (75 mm). Rod or vibrate concretes with a
torsional resonant frequency as a check that the torsional moddump of 1 to 3 in. (25 to 75 mm). Consolidate by vibration
has in fact been excited by the impact. concretes with a slump of less than 1 in. (25 mm). Failure to
24.4 The paper by Gerald Pickett, “Equations for Computproperly rod or to close voids left by the tamping rod will
ing Elastic Constants from Flexural and Torsional Resonanindicate incorrect higher air contents.
Frequencies of Vibration of Prisms and Cylinders,” Proceed- 25.7 Vibration must be carefully done when used to con-
ings, ASTM, ASTEA, 1945, Vol. 45, p. 846, is a most useful solidate mass concrete, or smaller aggregate concrete in the
reference when making calculations based on results obtainesinaller airmeters, permitted in Test Method C 231. Vibration is
from sonic tests. By use of the charts and equations set forth ieasier for the operator and the tendency is to overvibrate
this paper, constants for flexural and torsional vibration ofresulting in loss of air and increased density. Vibration should
prisms and cylinders can be computed. cease when all the coarse aggregate is submerged, and the
25 AIR CONTENT OF FRESHLY MIXED su;?%e_tr?]kes ona §mooth glistening appearance.
. e calibration procedures described in the text should
CONCRETE BY THE PRESSURE METHOD be followed carefully and methodically. Some meter manufac-
(See Test Method C 231) turers supply calibration instructions which are based on

The test method describes apparatus of two basic operationgtocedures different from those given in the test method.
types employing the principle of Boyle’s law. The test method

is considered applicable to concretes and mortars made with6. BLEEDING OF CONCRETE
relatively dense aggregates. It is not applicable to concretes (See Test Methods C 232)
made with lightweight aggregates, air-cooled blast furnace The methods of determining the relative amount of bleeding
slag, or aggregates of high porosity where the aggregateither without disturbance or with specified intermittent vibra-
correction factor exceeds about 0.5 %. tions are described in the procedure. Certain precautions
25.1 The internal surface of the assembly cover should behould be taken when making the bleeding test according to
kept clean and free from oil or grease; the surface should bthis test method. For concrete made in the laboratory, the
wet, to prevent the adherence of air bubbles that might baggregates and concrete should be prepared as prescribed in
difficult to dislodge after assembly. Practice C 192. The interior surface of the container must be
25.2 Leaky air valves, and dry, spongy or worn-out leathersmooth and free from corrosion, coatings and lubricants. It is
in the hand pumps may cause difficulty in maintaining theimportant that the concrete be properly placed in the container
desired air pressure. The air valve near the top of the coveis specified in Test Method C 232, and kept within the
assembly should be kept clean and free from oil. It is advisableemperature limits of 65° to 75°F (18° to 24°C) when so placed
to have on hand an extra pump and extra cores for the air valvand be free of vibration or unnecessary disturbance. Any
The meter should be checked before being taken to the fieldariation from the prescribed method may affect the bleeding
after a period of nonuse. It is necessary to calibrate the Type fate. Test Method C 232 does not specify the ambient relative
meter whenever the elevation at which it will be used changehumidity, but does require that the filled container be covered
by more than 600 ft (183 mm). The Type B meter is unaffectedwith a suitable lid. The lid should fit the top of the container so
by elevation. that evaporation is reduced to a minimum and should be kept
25.3 The graduated precision-bore glass tube and the ai place throughout the test except when drawing off water.
tached glass water gage (Type A) should be frequently cleaned
internally, using a soft hair brush or a swab of waste or cloth2/- FLEXURAL STRENGTH OF CONCRETE (USING
Even with frequent cleaning, it is sometimes necessary to use SIMPLE BEAM WITH CENTER-POINT
a dilute (1 + 4) solution of hydrochloric acid to remove the film ~ LOADING) (See Test Method C 293)
that adheres to the inner surface of the glass on drying. The comments on Test Method C 78 also apply generally to
25.4 Some water pressure meters (Type B) have a flat gaskéést Method C 293. This method requires that the specimen be
instead of a tubular or conical gasket. When not properljkept wet until the moment it is placed in the testing machine.
cemented to the bottom of the conical assembly, the flat gaské&te last twenty hours of curing prior to testing the beams must
will permit the escape of water. A spare gasket should bée immersed in water saturated with calcium hydroxide (high-
available. calcium hydrated lime).
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27.1 For testing, the beam should be placed on its side witkeast 0.05 in. (1 mm). The depth measurement is particula
respect to the mold. If any protrusions on the edges of the beaimportant since the calculated strength varies inversely as
are left from the molding process, carefully remove these byquare of the depth. If fracture occurs at a capped secti
use of a mason’s rubbing stone or Carborundum. Grinding oinclude the cap thickness in the measurement.
rubbing should be minimized in as much as grinding may,
change the physical characteristics of the beam. 28. TIME OF SETTING OF CONCRETE MIXTURES

27.2 The timing of the planeness determination is critical if (BSLePEZ;TSQIL%NCFZ%?%STANCE
the beam needs to be capped. Capping materials may require ~
anywhere from two hours to six days to cure. The last 20 hours Test Method C 403 specifies apparatus and procedures
of curing prior to testing the beam must be immersed in watermaking the test in necessary detail. As added precaution
Therefore, gypsum caps are not recommended because th@@king the test, specimens should be stored on a level b
soften or deteriorate in water if stored for more than a veryfree from vibration, and a specimen should not be tilted un
brief time period. Although permitted by the standard, due tdhe surface has stiffened sufficiently to avoid displacement

curing time consideration, the use of neat cement is noth€ mortar. _
recommended here. 28.1 The test method currently requires that not less than

27.3 Verify the planeness of the beam surface by placing th@enetration resistance determinations be made in each rat
beam in the testing apparatus and bringing the Ioad-applyinEarqen'“g test anc_i th{;\t the time intervals _between. penetra
block into contact with the surface of the specimen. Place &eSistance determinations be such as to give a satisfactory
slight load on beam and sight along each block looking forof hardening curve as indicated by equally spaced poin
gaps between the specimen and block. If a gap of more than0iNts on the rate of hardening curves should be caref
in. in width is found check the gap using feeler gages of 0.0oplotted and the times of setting determined as detailed in
and 0.015 in. If the 0.004 in. feeler gage can be placed in th&St method.
gap for a length of 1 in. or more but not a 0.015 in. feeler gagepg  MoLDS FOR FORMING CONCRETE TEST
shim the beam with leather shims. If the 0.015 in. feeler gage ¢y INDERS VERTICALLY
can be placed in the gap for a length of 1 in. or more the beam (See Specification C 470)
must be capped or ground. If capping or grinding is required, . . .
mark the location on the beam where it is contacted by the.-”;e most Iwn:_ely ul_s%d molc: dfo%:oncrelt_? cyfll?r?ers IS tI
blocks while it is still positioned in the testing machine. This SINY!€ USE piastic cylinder mold. The quality of these mo

will help to locate the area requiring surface preparation on thgares greatly. It is in the interest of th? user to obtain .t
beam. certification from the manufacturer required in the Material

27 4 Both Test Methods C 78 and C 293 refer to Practic Section of the practice. A certified mold material should greal

; oo X Feduce the problems encountered in using plastic molds.
C 617 for capping or grinding if bearing surfaces of the beamaddition to this certification, three randomly selected mol

vary from planeness by more than 0.015 in. (0.38 mm)1‘rom each lot should be verified by the laboratory. Aft

Practice C 617 QOes not.a.der.ess capping of beams; hOV\/ev?/rerii‘ying that these molds meet the dimensional requireme
one of the materials specified in the practice, sulfur mortar, haﬁoint the bottom of each mold at a light source and look in
been found to work well for the app!lcatlon. ) . the interior of the mold. Areas of light or lighter shades of col
27.5 Aplane and level surface which exceeds the dimensiog, 14 indicate damage to the mold or a mold that was
of the beam is required as a capping plate. The plate should B meqd properly during the injection molding process. If thi
sufficiently rigid to prevent distortion under the weight of the cqngition exists, examine the remainder of the lot in a simil
beam. Minimum thickness for various plate materials are listeGy,anner and communicate your observations to the manuf
under the Capping Equipment Section of Practice C 617.  yrer. Using the dry crushed aggregate specified in the stand
27.6 The beam should be capped in the following mannerill and compact the aggregate in accordance with the specif
As a safety consideration and to facilitate handling, twoprocedure. Then check the molds for water tightness
individuals may be required to handle the beam. Place thgamage.
beam on the capping surface and transfer the bearing locations29.1 Storing and handling plastic molds in extreme te
previously marked to the capping plate. Remove the beam angerature can cause problems. Molds stored in a very ¢
place a band of capping material on the plate at each bearinghvironment may become brittle and fracture with rou
location. Sufficient material should be used to provide ahandling. Molds in a very warm environment may lose the
finished beam surface of at least one inch wide across the entighape if not stored in a vertical position. If you suspe
width of the beam. Carefully lower the beam into position anddistortion from improper storage, rolling the mold on a fl
press down to spread the capping material under the beam tosarface may display an out of round condition.
thickness of not more tha¥h in. Position the beam so thatthe  29.2 The top of the mold may not be sufficiently strong t
thickness of the capping material appears to be level. Ifaintain the correct diameter when filled with concrete. Arigi
capping is required on both sides, after hardening, repeat thlastic cap will help ensure the correct diameter and al
process for the other side. During the curing of the cappingninimize moisture loss.
material, make sure that the beam is kept moist. 29.3 Single use plastic molds should not be reused. Whe
27.7 After testing, measurements of width and depth okingle use mold is reused, the removal process tends to exp
specimen at the point of fracture are required to be made to &he diameter and deform the bottom of the mold. Plas
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reusable molds are generally made of thicker, stronger material 31.2 Specified curing conditions should be carefully main-
than the single use mold to withstand repeated use. tained. Effects of variation in temperature on certain properties
29.4 This specification requires that all molds be watertightmay be great, and numerous papers provide evidence of the
Some reusable type molds are made of two or more pieceseed for good temperature control. In most cases, thermostati-
These molds require the use of a sealant on the seams auodlly controlled heating or cooling equipment, or both is
joints to make the molds watertight. The excess sealant on thequired. Cooling coils in a moist room should not operate at so
inside bottom of the mold should not exceed the dimension fofow a temperature that they tend to coat with frost or seriously
the inside fillet given in the specification. Any sealant usedinterfere with the maintenance of the required moist condi-
should be non-reactive with the concrete and compatible withions. The air in the storage room should be circulated.
the material of the mold. Check sealed molds for leakage bensitive bulbs of thermostatic controls should be exposed to
filling with water and subjecting to tapping and jarring similar the air that is to be controlled, or in the water if tanks are
to that which occurs when making a cylinder. Check for leak§nvolved.
one hour after jarring. Materials such as wheel bearing grease

caulking compound, rosin-paraffin, and micro-crystalline waxq¢ o jitaple spray nozzles, air-water jets or fog sprays. Test

may be sunabLe. g onal check _methods now require that the test specimens have free water on
29.5 After the initial dimensional check and dry rodding e srfaces at all times in the case of moist storage. Not too

have been performed, cardboard molds should be checked fgf, .y gitferential should exist between the temperature of the

absorption, height and volume change under wetting. If cardgy, o air and the spray water. An abundance of water does

board moldslare stored af temperatures.above 90°F (32°C), tl?]%t always mean high relative humidity, and therefore surface
paraffin coating may melt and collect in the bottom of the

mold. This parafiin often adheres to the hardened cvlinder an et conditions should be maintained. There should be ample
must.be rer?wved before the cylinder is capped y pace around individual specimens to permit free circulation of

air. It is suggested that test specimens be stored on duck boards

30. SPLITTING TENSILE STRENGTH OF or the like or in racks instead of on the concrete floor.
' CYLINDRICAL CONCRETE SPECIMENS 31.4 Moist storage room doors should be provided with
(See Test Method C 496) safety latches so that the doors may be opened from within.

There should be no gas outlets in the room. Electric switches

Tr;]eddeta;]ils of tgstingd areldadequatel?j/ cr(])vered in thel.ted%hould be on the outside of the room and should be provided
method. When cardboard molds are used, the concrete cylin fith indicating lights. Lights inside the room should be of the

shogld be rotated to select th(_a tw_o diametral elements fo{ype suitable for the moist conditions, and electric feeds should
loading that are nearest to being in a plane. Although th

) . o e by suitable cable in conduit.
plywood strips compensate for small irregularities in the line . . .
h 31.5 The use of recording thermometers is required. If wet

bearings, specimens should be made in molds that comply wit )
the requirements of Practice C 31. and dry bulb instruments are used, they should be of the

30.1 The centering of the horizontal cylinder lengthwise'entilated type, with air drawn over the bulbs to avoid the
under the spherical bearing block requires unusual care if thefect of motor heat on the bulbs. Wicks should be kept in good
diameter of the bearing block or the length of the bearing baponqun, and constant Ievgl water bottles are to be prefgrred
or plate is not the same as the length of the cylinder. If thd® running water for the wick trough supply. The recording
vertical axial plane of the cylinder does not pass through thd"Strument should not be in the moist air. Recording instru-
center of the spherical bearing block, the block will tilt, and theMents should be checked frequently.
load cannot be applied. The use of an aligning jig, as illustrated 31.6 If test specimens are to be cured in water, a saturated
in Test Method C 496, is recommended. lime solution should be used and other specified storage

conditions, such as temperature, should be maintained. High-
31. MOIST CABINETS, MOIST ROOMS, AND WATER calcium hydrated lime should be used to saturate the solution;

131.3 Necessary humidification may be obtained by the use

STORAGE TANKS USED IN THE TESTING OF crushed limestone is not acceptable. Heat may be provided by
HYDRAULIC CEMENTS AND CONCRETES (See thermostatically controlled soil heating cable, water bed heat-
Specification C 51%) ers or other immersion heaters. Insulation applied to the

The maintenance of specified moist curing conditions iutside of the tank may be helpful in both cold and warm
important, particularly with specimens to be tested for flexurafveather. Recording thermometers are required for the storage
strength. For example, some moist-cured flexural test specvater if the tanks are independent of the moist room and
mens were maintained continuously wet except for the 24 focated in a room not conditioned to 232°C (73 + 3°F). If
prior to test, when some of the specimens were stored in the aftorage tanks are in work rooms, lids should be provided to
of the laboratory. Reductions in flexural strength were as muchelp in maintaining temperature to lessen the cooling effect of
as 20 % or more as the result of the 24 h dry storage just prigtvaporation, and to prevent local high humidity spots in the
to the 28 day test. work room. Use separate tanks or containers for specimens

31.1 Attention is particularly directed to the paper by C. A.made using accelerators or other soluble special materials.
Carpenter, “Suggestions on the Planning of Fog Rooms for 31.7 Record the position of moist cured specimens or follow
Curing Concrete Test Specimen&3STM BULLETINASTM, a system to facilitate locating them readily at the time they are
October 1955, p. 33. to be tested.
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31.8 Material that will support the growth of slimes in a 32.2 With certain aggregates of relatively high absorptio
moist room should not be used therein. Burlap, paper, anthe method used to determine moisture content and absorp
some types of wood can aid or support the growth of moldsgan affect the computed amount of surface moisture (see
slimes, and algae. The growth of slime on specimens may b&lethod C 128 on Specific Gravity and Absorption of Fin
encouraged by certain vegetable and animal oils if these argggregate).
used to oil specimen molds. Although it is doubtful if such
forms of lower life affect the strength or durability of concrete, 33. CAPPING CYUNDRICA_L CONCRETE
they do cause a hazard in the handling of the specimens and in SPECIMENS (See Practice C 617)
walking over the slime-coated floor. The room should be Practices C 617and C 1231 deal with the treatment of ends

cleaned regularly. The operation of the room should be checke®@f cylinders when testing for compressive strength. The inf
daily. mation in this section refers to Practice C &1For informa-

31.9 Racks should not be made of aluminum as the alkalinon on the unbonded cap system, Practice C Fogdfer to
condition causes corrosion. Steel racks, hot-dipped galvanizetfction 40 of this manual. _
after fabrication, have also been satisfactory. Racks made from 33.1 Prior to testing, the ends of the cylinders must
reinforced concrete planks and concrete blocks are mo&hecked for planeness and perpendicularity. If either e
satisfactory. Wood racks made of redwood liberally treatedieparts from planeness by more than 0.002 in. (0.05 mm),
with a wood preservative after cutting and drilling and as-€ither end departs from perpendicularity by more than 0.
sembled with galvanized bolts and nails have performed ver{”16in. in 6in.), the end(s) of the cylinder must be ground
satisfactorily for more than 25 years. capp_ed. Three types of caps for cylinders are discussed in

31.10 It has been found that after constructing a welPractice: sulfur mortar, gypsum plaster and neat cement pa

insulated room within an air conditioned building, cooling WaSSu!fur mortar and gypsum plaster are us_ed on harde

not required. A small amount of heat required at times Wascylmders and cores. The neat cement paste Is used on the
supplied by thermostatically controlled heat cables on rack§urface of the freshly molded _cyhr_wders. .

within the room. Moisture was supplied to the room by two air 33.2 An gltelrnatlve to capping Is wet gr_mdlng. The dra

operated fog nozzles. (Only one fog nozzle was needed—o cks of grinding are C(.)St and lack of skilled operators a
is a spare when one may clog.) Air was supplied by a small aiP"opPer apparatl_Js. _Grlndlng should be done by the wet lapp
compressor. The air pressure was regulated to about 10 to %ocess. Dry grinding should not be_used because it may ca
psi. It was found that much better fog and moisture conditio eat damage to the e.nds of the cylllnder.

was maintained in the room if the water temperature enterin 33'3. Sulfur. mortar Is a composition of sulfur and granul
the fog nozzles was a little above the room temperature. Thi at(oarlals. 'I;h|s ml?(ture IS hea}ted to a temperature of ab'
was accomplished by putting a small tank containing 65°F (130°C) until the sulfur is molten. The sulfur mortar i

thermostatically controlled immersion heater of low wattage ina‘d_led Into the pottom of a vertical capping de"'°¢- Th
the supply line. The water level in the tank was controlled bycylmder IS |mmed|ate!y placed squarely against the gu.|de b
a float valve. (An old toilet tank can be modified to serve thisand slowly lowered into the molten mortar. If a horizont

purpose.) It was necessary to flush and clean the tank perioo‘i’-ev'C? IS used the cyll_nder IS plaged in the de"'c‘? and ¢
cally. material is then poured into the device through openings at

top. After the sulfur mortar hardens, the cylinder is remove

32 TOTAL EVAPORABLE MOISTURE CONTENT OE care being taken not to damage the capping plate or the mo

cap.
AGGREGATE BY DRYING (See Test Method C 566) 33.3.1 The sulfur mortar must have a compressive stren

Test Method C 566 requires the use of a ventilated oven fopf at least 5000 psi (34.5 MPaj) 2h when testedsaa 2 in. (50
more precise determinations and when aggregates would Bam) cube. The procedure for testing the strength of the mor,
affected by excessive temperatures. The method permits othgy detailed in Practice C 617. Sulfur mortar gains strength wi
suitable heat sources such as a hotplate, heat lamp, or micrage. For some materiala 2 hstrength of 5000 psi (34.5 MPa)
wave oven. As recognized in the test method, the procedurgay increase to 9000 psi (62.1 MPa) at 24 h. Strengths
will generally measure the moisture content in the test Samp|§0nsiderab|y lower at an age of less than 2 h. The requi
more reliably than the sample can be made to represent thﬁaiting period of at leas2 h between capping and testing o
aggregate supply. When the moisture content of a coarsgylinders capped with sulfur mortar should be strictly enforc
aggregate exceeds 3 or 4 % or a fine aggregate exceeds 7fless a sacrifice of apparent strength is allowable as exped
9 %, the free water on the aggregate will drain or collect in thein job control of detensioning of prestressed concrete.
bottom layers and truly representative samples will be difficult 33.3.2 Sulfur mortar, either laboratory prepared or comm
to obtain. cial type, can sometimes produce rubbery caps that defor

32.1 All moisture contents are expressed as percentages fdéw under load. This is caused by a plasticizer in t
oven-dry weight of aggregates. Total moisture content by Testommercial material, by contamination of either type with oi
Method C 566, less the absorption by Test Method C 127grease, water, paraffin, or by overheating. The capping mate
Specific Gravity and Absorption of Coarse Aggregate, Test  should flow freely at the recommended temperature. If t
Method C 128, Specific Gravity and Absorption of Fine material thickens from overheating, it must be cooled a
Aggregaté provides the percentage of surface moisture in thestirred until thin. In most instances, cooling will restore th
sample. mixture to a satisfactory condition if it is stirred during cooling
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If it is greatly overheated, it should be replaced. If watercapping. This can be prevented by storing the cylinder in moist
contaminates the mortar, foaming may occur. In this case, thair, underwater, or by wrapping in wet burlap, until the time of
pot should be recharged with new mortar. Sulfur mortargest.

having an exceptionally high sulfur content will produce caps 33.3.7 The plates of the capping apparatus should be oiled
that warp or crack on cooling. or greased lightly before use, but the ends of the test specimens

33.3.3 The ends of cylinders should not be oiled beforeshould not be oiled before applying the sulfur mortar caps.
reuse of caps from tested cylinders. Using reclaimed sulfughould neither be too hot or too cold. Cold plates will produce

mortar is not recommended unless the material is frequently‘iCk caps and should be warmed by pouring one or two ladles

checked for strength and deformation under load. The practic%f material onto the plate, allowing it to harden, and then

limits the number of uses of the material to five times. removing b_efore the first cylmde_r is capped. If plates are too
) ) ) hot, caps will harden slowly causing an unnecessary delay. The
33.3.4 Reusable steel cylinder molds use mineral oil as gge of additional plates will reduce excessive heat build up.
release agent between the steel and the concrete, and cardboar 3.3.8 Capping devices should be occasionally checked to

cylinder molds use a cogtlng of wax between th_e cardbogrd aNfetermine whether the plates meet the planeness requirements
concrete to prevent moisture loss and absorption. A residue Practice C 617. Fig. 1 shows the planeness of caps being
these materials may be found on the cylinders. A concret@pecked wih a 6 in. (152 mm) machinist's parallel and a 0.002
cylinder with a coating of mmeral oil or pqrafﬁn on the bottom j, (0.05 mm) feeler gage. The planeness of capping plates
should not be capped until the wax or oil has been removedshoyld be checked periodically using the same apparatus.
Prior to capping, the ends of the cylinders must also be free afyuarterly reviews are recommended or whenever indentations
moisture. Clean the surface with a wire brush and rag. Failurgre observed. Such checking does not eliminate the necessity
to treat cylinder ends properly may result in air voids or steamof checking planeness of capped specimens since the caps may
pockets between the cap and the cylinder end. This will caus@&arp when cooled.

the cap to yield before the cylinder fails during testing. If 33.3.9 The practice, in describing the capping device, refers
tapping with a piece of metal (for example, coin, key or lightto a recess in the capping plate which holds the molten sulfur
hammer) on a sulfur mortar cap produces a hollow sound, amortar. On most new capping devices, the recess has been
unsound cap is indicated. The unsound cap should be removedplaced with a metal ring which is affixed to the top surface of
and the cylinder end cleaned and recapped. the plate. Whether a recess or ring is used the depth or height

33.3.5 Sulfur mortar caps should be as thin as practicalof this device should not excee® in. (12.7 mm). This
Ysin. is ideal. In no instance shall any part of the cap be mordéequirement assists in limiting the thickness of the sulfur
than%isin. thick. A vertical capping device generally producesmortar cap that can be produced in the capping device.
thinner caps than a horizontal apparatus. Cylinder ends that akdmiting the thickness of the caps helps to prevent cylinders or
sloped, very uneven, or highly convex should be rubbed dowff'€S With excessively sloped, uneven or convex ends from
with a carborundum rubbing stone, or should be squared b§€ing capped without the ends being ground or sawed.
cutting with an abrasive or diamond saw before capping. This 33.3.10 A suitable container and source of heat must be
is particularly important if sulfur mortar or high-strength provided for melting the sulfur mortar and maintaining the
gypsum plaster is used. Poor finishing or handling are th@referred temperature of about 265°F (130°C). The melting pot

major causes of unsatisfactory cylinder ends. Such conditiongnould be of suitable design, electrically heated with automatic
should be reported to those responsible for making the cylincoNtrols, and provided with thermal safety melting links. Due
the corrosive action of the sulfur, electrical contacts should

ders so the work can be corrected and done properly in th .
future. Thicker caps may also be caused by the sulfur mort e protected from sulfur fumes. A heavy gage steel lip around
e container may aid in protecting the pot when hardened

hardening somewhat before the cylinder is lowered into th . .
? : ) : Sulfur mortar is chipped from around the edges. A metal ladle
molten mixture. This can be corrected by starting with a warm

: lat ing th : terial t heat the pl tOf sufficient capacity to fill the capping plate in one pour should
capping piate, using the capping material to preneat the plalg, provided. The use of a small air-driven stirring device in the
or by working faster, that is, placing the cylinder into the

! : . molten material will help to maintain the uniformity of the
molten sulfur mortar before it begins to hardaiarning: P d

o material. A large, perforated sheet metal strainer or spoon is
Technicians must be aware, however, of the hazards Orielpful in removing small lumps of solid material.

dropping the cylinder into the molten sulfur mortar and thereby 33.3.11 Operators who handle hot sulfur mortar should wear

causing a splash OT the material. . leather-faced cotton or suitable work gloves, face shield or
33.3.6 When cylinders are capped with sulfur mortar, thesafety glasses, and long sleeves. Due to the toxic nature of the
ends of the cylinders must be free of all surface moisture tgyifur fumes, the melting pot should be under a hood with
avoid steam pockets under the cap. During drying of th&orced ventilation to the outside aWarning: Severe burns
cylinder ends and in the process of capping, considerablgave resulted from explosion of sulfur mortar being overheated
moisture may be lost from the sides of the cylinder. This can bevhen the material in the bottom of the pot melted and boiled
prevented by wrapping in wet burlap until time of test. before the surface had melted, causing a build-up of pressure.
Cylinders should never be allowed to dry for long periodsin these cases, the explosion might have been prevented if the
before capping nor during ¢h2 h ormore waiting period after metal ladle had been left in the pot. The ladle conducts heat up
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from the bottom of the pot and thereby melting a relief channelnd the curing of the hardened caps. Lack of moisture,

to the surface of the mortar and preventing built-up pressureabsorption of moisture from the paste by the drying concr

Heating elements located on the sidewalls of the pot have bearan result in caps that are cracked, nonplane, or of p

found to eliminate this problem. strength. The paste caps must be aged sufficiently so that t
33.3.12 The flash point of sulfur is approximately 440°Fwill exceed the strength of the concrete cylinder being test

(227°C) and the mixture can ignite due to overheating. TaCaps should never be made with a mixture of plaster of p

prevent fires caused by failure of electrical contacts, meltingand portland cement. This mixture can have a strength con

pots specifically designed for continuous use with sulfur aresrably lower than either of its constituents.

recommended. A tight cover for the melting pot or wet burlap 33.5.1 When using neat cement paste in capping a cylin

bags should be located in the capping area. Either can be usadthe mold, allow the cylinder to cure after molding for 2 to

to cover the pot in case of fire. A dry chemical fire extinguisherh before capping. A stiff cement paste that has been mixed

should also be available for emergenci®¥¢arning: Sulfur 4 h prior to use will reduce the tendency of the cap to shrin

burns with a low, blue flame and may be difficult to detect.In capping the cylinder, exercise care when working the gl

Hazards such as flammable materials or explosive gases shoythte on the cement paste to avoid breakage and poss

not be present in the capping area. Practice C'386a useful  injury. The cap should be checked for planeness before testi

reference for safety considerations. Such capping is feasible only when rigid, watertight molds a
33.4 Another capping material permitted by Practice C 617sed, and the concrete specimen has no bleeding water o

is gypsum plaster. This plaster can be used for capping concretep surface.

specimens expected to have a compressive strength below

5000 psi (34.5 MPa), provided the plaster has a compressiv@4. RESISTANCE OF CONCRETE TO RAPID

strength of 5000 psi (34.5 MPa) or greater when tested as 2 in. FREEZING AND THAWING

(50 mm) cubes. Reference is made to Method C37ar (See Test Method C 666)

details on filling the cube _mold and timing in striking off the There are two procedures for Test Method C 666 f

top surface of the plaster in the mold. _performing laboratory freezing and thawing tests: Procedure

33.4.1 Certain problems and precautions are connected wi apid Freezing and Thawing in Water: and Procedure B, Ra

the use of high-strength gypsum plasters for capping. The eeing in Air and Thawing in Water. Test Method C 67
mixing water used should be between 26 to 30 %. The amounk jiica| Dilation of Concrete Specimens Subjected to Fre

of water used in testing the plaster for strength should b‘?ngz is another reference standard

carefully measured and recorded, along with the air and water 34.1 These test methods describe the equipment and pr
temperature, and the time interval between mixing and testingjure' in considerable detail and are intended for use

The_: tsamed proportion O]f gypsum plaster to Watfrb‘?_hﬂu'c? _b‘aetermining the effects of variations in the properties
maintained in mixing for capping as was established Ny,,erate on the resistance of the concrete to the freezing
compressive strgngth testing. The temperatures Of. ar a awing procedures specified in the test methods. They are
mixing water during the capping should be substantially theg

t

h i th test de. F i ntended to provide a quantitative measure of the length
same as when strengtn tests were made. Free water on &, ice that may be expected from a specific type of concr
surface of the concrete softens the gypsum cap, and should €34.2 The freezing and thawing of water in concrete is one

removed_ before applying the cap. Aft_er the_ cylinder has bee e major causes of concrete deterioration. The intensity
cap_ped, it should be wrapped immediately in several layers tural freezing and thawing ranges from slight to very gre
moist burlap, but the_capped end or ends should not be cover ith no two cycles identical even at the same locatio
It tak_es about 20 min for gypsum plaster caps to hardgn, bLi*reezing and thawing tests in the laboratory cannot duplic
specimens must not be tested in less time than the mterv%Iatural exposure in all respects, but can evaluate relat

established during strength testing. - ; " o
33.4.2 Gypsum plaster caps should be as thin as practicaﬂqurabllltles under standardized exposure conditions. This is

ain function of laboratory freezing and thawing tests, that

and a vertical capping Jig IS adws_able to ob_tam thin ar.]dthe determination of the relative durabilities of concretes
parallel caps at right angles to the axis of the cylinder. Capp'n%oncrete materials

plates, whether metal or glass, should meet the planeness
requirements of Practice C 617. Plate glagsin. (6.4 mm)
thick, 7 by 7 in. (180 by 180 mm) can be obtained with a

planeness of 0.002 in. (0.05 mm) in any 7 in. dimension. These results were published Special Report 47H.R.B.,

33.'5 Neat cement paste caps F“ade of pprtland cement 959 Among the numerous lessons learned was the im
apphcablg to freshly molded Specimens. This method requUIres nee of preparatory matters such as condition of the ag
moist curing of the concrete specimens and constant mmsturge

34.3 The Highway Research Board Committee on Dural
ity of Concrete—Physical Aspects, conducted an extensi
cooperative evaluation of four freezing and thawing metho

. o . ; ates, air content, curing, and a variety of details prior to t
conditions must be maintained during the setting of the past tart of actual testing. These are discussed concisely in App

dix F, Suggested Operating Procedures, of the H.R.B. rep
19 Annual Book of ASTM Standardéol 04.05. Because of the value of these suggestions they are reprod
20 Annual Book of ASTM Standardéol 04.01. in their entirety below.

29



Manual of Aggregate and Concrete Testing

APPENDIX F
SUGGESTED OPERATING PROCEDURES

This research has produced no evidence that any of the (a) Immediately after molding, place the specimens in a fog
ASTM freezing-and-thawing test methods in its present form isoom (relative humidity not less than 95 %) at %3 3°F
both sufficiently quantitative and reproducible to provide covered with at least four layers of wet burf&p.
absolute limits for the routine acceptance or rejection, on a (b) After 24 = 4 h, strip the specimens from the molds,
general basis, of concrete or concrete materials. The methodsark them for identification on both ends and on the sides of
do, however, provide useful procedures for comparing théhe specimens while they dry, and immerse them immediately
relative durability of different concretes within a given labo- in a saturated limewater solution at Z33°F. This operation
ratory. In that connection, the Committee recommends attershall be handled in such a way that the time between removal
tion to the following cautions: from the molds and immersion in the limewater is held to an

1. Concretes to be compared should be mixed at as neariPsolute minimum and no surface drying of the specimens

the same time as feasible, placed into and removed from curingccurs. o _ _
concurrently. attain adequate strength, or if strength development is slow for

2. Each class of concrete should be represented by at Iea‘é%gydztsr}ggliason’ additional time in the molds up to 44 h may
| .

three batches, preferably mixed on different days. It is desirab () Remove specimens from the limewater at the same age

to have three or more test specimens from each batch as(f4 days unless otherwise specified) and, after necessary

check on within-batch uniformity. As indicated under item 1, measurements of weight and fundamental frequencies. place
all classes of concrete to be compared should be mixed on eaﬁq'em in the thawin egvironment of the test exq t ﬁ
mixing day. S 9 . X posure, taking

_ care to minimize drying during handling.

3. Air content of the concrete should be known as accurately Adrying period, after the initial minimum storage of 14 days
as possible, and, if the object is to evaluate relative durabilityy, imewater, may sometimes be used as a specified variation of
of a given concrete, the air content of the freezing-and-thawinge test procedure. Drying should be under constant conditions
specimens should duplicate as closely as possible that of thg temperature and relative humidity. Normally, resaturation of
given concrete. If aggregate is the variable under study, the ajfe dried specimens in limewater prior to the beginning of the
content should be sufficiently high to provide positive frOStfreezing cycle will also be a part of the variation from the
protection for the cement paste. For all concretes to b&tandard procedure.
compared, the air_content should be the same withh5 7. Every effort should be made to assure that all specimens
percentage point. Each specimen should be weighed in air aRg pe compared receive the same exposure to freezing and
under water to provide an indication of uniformity. Wheneverhawing. Ability to accomplish this may depend not only on the
possible the air content and air-void characteristics should bgnaracteristics of the apparatus but also on the arrangement and
determined by microscopic examination of the hardened conpcation of the specimens. Turning specimens end for end and
crete specimens, and preferably on specimens which hawghanging location in the apparatus each time specimens are
actually been frozen and thawed. returned after measurement will help to minimize the effects of

4. Unless aggregate saturation is a controlled variable, thenavoidable differences in environment.
aggregates for all classes of concrete should be soaked in water8. Supplementary tests and the keeping of detailed records
for seven days after they have been dried to essentially constawtll often be helpful in accounting for poor reproducibility of
weight in air. The aggregates must not be allowed to dry outest results. Changes in weight of specimens during curing may
before incorporation in concrete. Necessary adjustments mugetveal differences in saturation of presumably identical speci-
be made in the quantity of mixing water to compensate for thenens. Measurements of density may provide a check on
free moisture retained by the aggregates. In the case of certaimiformity of air content. Obviously, records of such things as
natural aggregates and many lightweight aggregates, a sevefuipment breakdown and deviations from prescribed methods
day soaking period may not be desirable. Shorter periods aghay be vital in interpreting test data. Such records are readily
soaking or no soaking may be called for in these special casesade at the time, but are often impossible to reconstruct after
as being more representative of actual conditions of use.  the tests are completed.

5. Unless mixing condition or treatment of the fresh con- 34.4. A constant check should be made to ensure that the

crete is a variable, extreme care should be exercised to assijf@€-temperature cycles specified are being maintained. Note
that the procedures for mixing and handling the concrete an#at the maintenance of a capacity load of specimens in the

fabricating specimens are as nearly identical as possible for gduipment at all times will materially aid in meeting these

6. Unless treatment of test specimens is a controlled varit—hat dimensions of both specimens and containers be highly

able, all specimens should be identically protected and cured
between the time of molding and exposure to freezing and—
thawing. One acceptable sequence of operations is as follows: * This recommendation differs from the procedure outlined in Practice C 192.
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uniform to secure a liquid zone of constant thickness, otherrequired temperature within 15 min after immersion of t
wise the rates of temperature change and, hence, the severityadlder specimens. The ability of the curing tank system
exposure may not be the same for all specimens. Note that afteatisfy this requirement shall be verified by pretesting.

each measuring period the specimens should be turned end-35 .2 3 In procedure B, the boiling-water method, the spe
for-end when returned to test. In addition, the specimengnens are stored for the first 23 h at an ambient temperatur
should be returned to random positions in the apparatusg + 10°F (21+ 6°C). To minimize day to day variability in
Particular attention should be given to the various proceduregst results, the ambient temperature conditions should

outlined for handling the specimens in the event of anmaintained as close as practicable to a constant value thro
interruption in the operation of the apparatus. out the testing program.

34.5. The above discussion is based upon experience with
normal-weight concretes. It is believed that the freezing an 3524 In procedure C, the Autogenous Method, elevat

thawing methods are applicable as well to concretes made wit mperature IS provided by contammg.the heat eVOlV?d
lighweight aggregates. cement hydration. The temperature history of a particul

specimen depends on the total heat evolution, the insulat|
35. MAKING, ACCELERATED CURING, AND efficiency of the container, and ambient temperature history
TESTING CONCRETE COMPRESSION TEST the container. In interpreting test results account must be m

SPECIMENS (See Test Method C 684) of the actual temperature histories experienced by the sp

There are two primary purposes for using accelerated ofens. Thus it may be desirable to monitor not only t
early-age strength testing. The first is to obtain reliableMinimum and maximum temperature but also the compl
information at the earliest possible age about the potentidemperature history of representative specimens.
strength of a concrete mixture. The other is to provide 35.2.4.1 When accelerated curing tests are used for esti
information on the variability of the concrete production ing an equivalent 28-day strength under conventional stand
process so that appropriate corrective actions can be taken esgring conditions, a correlation relationship must be develop
promptly as is possible. by performing conventional and accelerated curing tests

35.1 Rather than wait until an age of 28 days to perform aoncrete mixtures made with the same materials. In develop
standard compression test, as is commonly done, strength tesités data, mixtures with different water-cement ratios must
may be performed at ages as early as 24 h depending on whighepared so that a wide range of strength levels can
procedure is used. These early age tests are made afigiitained. The correlation data should be subjected to rigor
specimens are subjected to either standard or elevated tempesgatistical analysis so that meaningful confidence limits can
ture curing. placed on the predicted 28-day strengths. The user is dire

35.2 In this test method, elevated curing temperatures am the following publications for guidance on proper statistic
provided so as to accelerate the cement hydration reactiongeatment of data from accelerated curing te&&TM STP 169
Depending on the procedure that is used, compression tests @e(Significance of Tests and Properties of Concrete a
performed at ages ranging from 24 to 48 h. At these early testoncrete-Making MaterialsACl 214.1R-81(Use of Acceler-
ages, the strength of concrete is highly dependent on the actugled Strength Testing); aniCl SP-56(Accelerated Strength
temperature history, and proper control of curing temperaturesesting). It must be emphasized that the correlation relati

is essential in order to reduce day-to-day variability in testship is only applicable for the same materials and testi
results. Thus, it is essential to keep accurate records of théonditions used in its development.

curing temperatures of the specimens. 35.3 The variability of properly conducted accelerat

35.2.1 The concrete Specimens are exposed to elevaty ength tests have been found to be similar to strength t
temperatures and stored either under water or in sealegjer conventional curing conditions. Hence, accelera

Cﬁntame(;s._The cylinder molds m#St reta_lbnl_the|; _Ogg'nagstrength test results can be used directly to monitor t
shapes during curing to minimize the possibility of induced, »iapijity of concrete production and to signal the need f

early-age damage to the concrete rgsultmg from d|menS|on_ rocess adjustments. Correlation relationships or predicti
changes of the molds because of high temperature and mois-

ture. Cardboard molds and single-use plastic molds are no
pesr,?'gezdlfor mak'gg Spec'ﬂ‘e”& hod. th . 36. REDUCING SAMPLES OF AGGREGATE TO
2.2 In procedure A, the warm water method, the speci- TESTING SIZE (See Practice C 702)

mens are stored in a water bath whose temperature must be
maintained at 95- 5°F (35= 3°C). To minimize variability of The concrete laboratory will frequently find it necessary
test results the design of the curing tank must assure uniforfeduce a sample of aggregate to a smaller volume. S
water temperature. This may be achieved by using mechanicegduction in sample volume must be done very carefully if t
stirrers, circulating pumps, or natural convection currents. Taesulting smaller sample is to represent the larger lot ac
achieve uniform temperature through convection currents, theately. Fine aggregate should be moistened before reductio
heating elements must be uniformly distributed over theminimize segregation and loss of dust, except when using
bottom of the tank. Before using a curing tank, the waterenclosed sample splitter. Practice C 702 describes proced
temperature at various locations should be measured to assutg reducing field samples of aggregate to the appropriate s
that the required degree of uniformity is achieved. In additionfor testing which minimize variations in characteristics b
the heaters should be of sufficient capacity to re-establish thieveen the test samples so selected.

tquations are not required for such applications.
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37. MEASURING EARLY-AGE COMPRESSIVE area of the cylinder by acting as a hydraulic fluid. Different
STRENGTH AND PROJECTING LATER-AGE strength levels require different durometer hardness. Pad
STRENGTH (See Test Method C 9£8) manufacturers are required to supply the durometer hardness.

This test method uses the maturity concept and the strennge the table located in the practice to det_e_rmi_ne t_he correct
versus maturity relationship proposed by Plowmiiagazine hardness number to be used and when qualification is required.
of Concrete ResearcN.8, N.22, March 1956). Test specimens 38.1.1 The number of cylinders that can be tested using the
are cured following Practices C 31 or C 192, and a record isame pads varies with the strength levels of the concrete
maintained of the temperature immediately adjacent to theylinders being tested and the hardness of the pad. Pads with
specimens. At an early age of about 24 h, the specimens atégh durometer hardness generally last longer than softer pads
tested in compression. The value of maturity is calculated fronwhen testing cylinders at higher strength levels. Use the table
the test age and the temperature record. Since most specimenghe practice to refer to the maximum number of reuses.
will be tested prior to an age of about 48 h, protection 38.2 Neoprene pads need not be qualified when testing
precautions in Practice C 31 concerning transportation angoncrete with strength levels below 7000 psi and with less than
handling of early-age specimens should be followed. 100 reuses. Pads must be qualified after 100 reuses, if they are

37.1 The early-age strength and maturity values may benade from a material other than the neoprene listed in the
used to estimate the later age, such as 28-day, compressi#astomeric Pad Section of the practice , or if the strength level
strength or may be compared to concrete mixture design daxceeds 7 000 psi. When qualification is required, contact the
at similar maturity. Later-age strengths are estimated by usinghanufacturer to see if they have the necessary qualification
a previously established prediction equation that was develdata. If qualification tests are required; requalify the system
oped for the specific concrete being tested. The predictiowhen one of the following items have changed) pad
equation is obtained by measuring the maturity and compresnaterial, @) pad dimensions,3] pad hardness4] retaining
sive strength of specimens at ages from 24 h to 28 daysing design, and5) retaining ring material. However, varia-
plotting the test results on a semi-log scale, and deriving théions of a particular parameter need to be qualified only once.
best fitting equation for the data. Pad cap systems are qualified by testing companion cylinders;

one ground or capped in accordance with Practice C 617 and
38. USE OF UNBONDED CAPS IN DETERMINATION the other tested using pad caps. Companion cylinders are

OF COMPRESSIVE STRENGTH OF HARDENED cylinders made from the same batch, at the same time, by the
CONCRETE CYLINDERS (See Practice C 1231) same technician. A minimum of ten sets of companion cylin-

An alternative to the sulfur, gypsum, or cement Cappingders shall be tested at the minimum Strength level and ten sets
methods of Practice C 617 is the unbonded method describedl the maximum strength level at which the pad caps will be
in Practice C 1231. The practice describes the use of elastéised. These test results must be within a range of 1 000 psi, for
meric pads and metal retaining rings, commonly known as pagach strength level. Additional companion cylinders may be
caps, in testing concrete cylinders. The testing of cores by thigeeded to qualify the system. All test results of companion
practice is not permitted. The practice may be used whegylinders for a desired strength level should be included in the
anticipated strength levels are between 1500 and 12 000 psg@lculation for qualification. Pad cap systems are considered to
(10 to 85 mPa). Cylinder ends with depressions greater thae qualified if the results of the comparison tests indicate that
0.20 in. (5 mm) must be sawn or ground prior to using padPad caps did not reduce the strength of the concrete by more
caps. If the ends of cylinders meet the requirements of Teshan two percent when compared with the cylinders which
Method C 39 for planeness they may be tested with no cap$iave been ground or capped in accordance with Practice C 617.
Although pad caps may be used on one end of the cylinder iff the laboratory wishes to use the pad beyond 100 uses, then
combination with methods mentioned in Practice C 617 on thét must be checked again at 200 uses. The cylinders used in
other end, normally the pad caps are used on both ends of tiieese qualification tests must be within a range of 2 000 psi of
cylinder. For testing, the pads are placed in the retaining ringgéach strength level.
and then placed on the ends of the cylinder. The cylinder and 38.3 The design of the retaining ring is important in the pad
caps are then centered in the compression machine using tbap system. Erroneous strength results are often produced
upper spherical block and upper retaining ring. After rotatingwhen cylinders are not properly centered in the testing ma-
the upper spherically seated bearing block as contact is madehine. Since the cylinder is centered in the testing machine by
the test specimen is initially loaded up to 10 % of thecentering the retaining ring on the upper bearing block, a
anticipated total load and the cylinder is checked for perpenmeans for centering the retaining ring should be considered. In
dicularity. When the cylinder is properly positioned, the test issome cases, metal straps may be used to attach the ring to the
completed in accordance with the procedure described in Teslock as shown in Figure 1 of Practice C 1231 or the outer
Method C 39. surface of the retaining ring could be made circular to assist in

38.1 Neoprene pads conforming to the requirement listed imlignment. Centering the cylinder is easy when the diameter of
the Elastomeric Pad Section of the practice need not bthe retaining ring is the same diameter as that of the bearing
qualified when used below 7 000 psi. Other elastomers arblock. The practice requires that the diameter of the pad shall
permitted but must be qualified. The pads are required to haveot be more than¥iein. (2 mm) smaller than the inside
a Shore “A” durometer hardness in a range of 50 to 70. The padiameter of the retaining ring. Experience has shown that the
distributes the force of the compression over the entire surfaceside diameter of the pad should be as close as possible to the
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inside diameter of the retaining ring. The smaller the gaphe pads has reported to have caused damage to some
between the ring and the pad, the less the pad will deform gpression testing machines.

spread laterally. Reducing the amount of lateral deformation or

spread will reduce the amount of cracks along the edge of the 39. SAMPLING AGGREGATES (See Practice D 75)
pad and increase pad life. The practice requires that the base of
the ring which contacts the bearing blocks of the compressiog1

m%%hjln? muds(;.l:_)e plans tp 0.002 ini (0.05 mrr:j).. h . the scope of this manual. In many instances aggregate sam
4 In addition to being properly centered in the testing, yja| patches and preliminary laboratory tests will b
machine, the cylinder must be tested in the vertical POSItioN, htained several months before the job is started or even be

The pad is made of soft material and the only method to ensurg . aggregates that will be used on the job are produced. Un

that the cyl_indgr is perpendicular to the_ plate_n of the COMPreSpese conditions samples must be taken with particular c
sion machine is to check the perpendicularity of the cylinderp gt b6 duction records should be examined to determine if

under load. ; :
. samples taken are likely to represent material to be produce
3.8'4'1 Center the pad caps on the c_ylmder ar_ld place thl‘f'1e future. When construction is started, the material furnish
cylinder on the lower platen of the testing machine. As the:tg the project must be tested to determine if it is of simil

Practice D 75 is of importance to laboratory personnel ev
ough sampling sources of concrete aggregate is not wit

upper erJ(herlcaIIy seatefd”block IS bLOUth to be(zj;\r on htheblpa uality to that used in earlier tests. When aggregate samples
cap, make sure to carefully center the upper pad on the bloGg, reparation of trial batches the moisture condition of t

and rotate the block’s movable portion gently by hand so thaf,5terial should be noted in order that the aggregate can
unéfgrlrlnzseBatlr]g IS Olbt.a'n?d' d1toth linder. Bef he | dincorporated in laboratory batches in a moisture conditi
.2 Begin afp ying loa t.o.t € cylinaer. be ore the loa representative of the aggregate to be used in the job concr
_has rea_lched 10 % of t_he ant|_C|pated cylinder strength, SR s particularly important for highly porous aggregat
increasing the load. While holding the load constant, check 1Q,ch as structural lightweight concrete aggregates

see that the cylinder is vertical within a tolerance/efnch in

12 inches (3.2 mm in 300 mm) and that the ends of the cylinder 39.1 Partlt_:ular attention is _dlrected o the |_1eed _for pbse
ing the requirements for minimum sample sizes in differe

are centered in the retaining rings. If the cylinder a”gnment{nethods The test methods to be performed should be ex
do_es no.t meet these requirements, release th_e Ioaql; remove ||h18d carefully to determine the number and size of test porti
cylinder; and, check to make sure that the cylinder itself meet;e uired. The size of sample obtained from the field should
the¥sinch in 12 inches (3.2 mm in 300 mm) criteria. If it does q ) P

. . . at least twice as large as the total amount required for the t
not, minor corrections can be m?de t_)y sulfur mortar €apPiNg 8, he conducted to provide for any waste, reruns of tests
long as the cylinder meets th& in 6 inches (3.2 mm in 150 ’ '

mm) requirement in the End Condition section of Practiceadd'tlonaI tests if required.

C 617. If the cylinder cannot be capped, the cylinder end must
be corrected by sawing or grinding. If the cylinder does meet 40. F%i%il\&ilg':(lgggg gctoic':e;risa:glNG
the requirements, repeat the above procedure, rechecking the
centering and alignment of the cylinder. If the cylinder is not By reference to Practices E 4, Test Method C 39 requir
perpendicular to the platen of the machine, the ultimateverification yearly for machines in constant use, every 2 or
strength may be reduced. years for machines used intermittently, whenever repairs
38.5 The breaks of the cylinders will rarely be the conicalmade, and whenever there is reason to doubt the accur
fractures typical of the sulfur mortar caps, and therefore, thé&mall portable testing machines and machines operating u
sketches shown in Figure 2 of Test Method C 39, are notinfavorable conditions may require more frequent verificati
descriptive. One reason for this difference is that the energyerification tests at very small loads can be made on m
stored in the pad is released to the concrete resulting in a mofeachines by applying dead load.
explosive break with more rubble than is seen with sulfur caps. 40.1 Calibrated equipment, such as proving rings, requ
Pad capped cylinders occasionally will develop early crackingzery careful handling, and its use is not recommended unl
associated with the lateral flow of the cap, but will continue tothe operator has become familiar through experience with
carry increasing load and therefore should be tested to commethods and precautions involved. Literature of the Natio
plete failure. Institute of Standards and Technology and ASTM covers m
38.6 Because of the explosive nature of breaks associatetktails of requirements for and use of verification equipme
with pad caps, the testing machine needs to be fitted with someefinitions and information about verification of machines a
form of protective cage. The sudden release of energy stored miven in Practices E 4.
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