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N | ABSTRACT

Present testing procedures, specificatlons, and
variation of test results for consistency of portland cement
concrete as deteémlned by the Kelly Ball Test are discussed.

- ' Three bridge projects using transit mix structural
concrete and one highway project using centrally mixed

paving concrete were selected for this study. The sampling
and testing plan was designed so that the variance in test
results could be calculated and identified according to-its B
cause. Variance has thus been separated into that 1ntro-
duced by sampllng, by testing, and by the inherent varlu
eblllty of the material.

It was found that on all three structufal concrete
brojects, variance inherent in the material was Ehe‘largeet
contributor to overall standard deviation. It was concluded
that ehe Kelly Ball TesF_in its present form is a reproducible
methoed of determining the consistency of fresh concrete. It
was alse coneluded that certain chenges in the present speci=
fications would probably result in more effective control of
the conSLStency of fresh concrete.

| Proposed for adoptlon on a Egigl basis are several
new control proeedures, includlng the use of control charts
on field constructlon projects and the random selection of

materlal for testing.
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 INTRODUCTION

7 With the récent trend toward the statistical
appréach to quality control in highway construction,
the Cayifornia Division of Highways, in cooperation
with“the Bureau of Public Roads, is engaged in a project
titled "A Statistical Study of Materials". This project
consésts of (1) evaluation of existing control procedures
thro@gh statistical survey, and (2) preparation and
evalﬁation of statistical specifications for various
construction 1tems

One control test which Callfornla investigated

was the Kelly Ball Test for determining the consistency
of fgesh concrete. The Kelly Ball Test was adopted in 1953
by the California Division of Highways as a replacement
for the slump cone method.
_ | The purpose of this study was to evaluate the
reprpducibility of the Kelly Ball Test and to determine
whether modifications in the testing procedﬁres or the
spec1f1catlons for con51stency of concrete are desirable.

The ba31c premise of thlS study was that the contractors

were all producing gqod, acceptable concrete and that
the specifications and test methods would be evaluated

using this assumption.
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Although it is realized the validity of such an
assumption may be very questionable in the minds of some
engineers, it is not the intent of this research project
to resolve this ?rob}em.

- It should be noted that the word '"slump" in the
following feport refers to consistency as meésufed by the
‘Californié Kelly Ball Test Method. The California Kelly
Ball is graduatgd Lo} thaﬁ a 1 inch penetration of the ball
indicates 2 inchés of slump. Consistency determined in
this manner is approximately equél to the slump as measured
with the slump cone; however, the coefficient for coﬁvert—
ing peuetragion of the Kelly Ball to slump by the slump

cone has been shown to vary from 1.66 to 2,14, 1

1Numbers refer to references at the end of the report.

-3
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‘CONCLUSTONS

The following conclusions are drawn from this

study:

1. The Kelly Ball Test, California Test Method
| _No. 520, is shown to be an accurate, reliable
_test- for determining the consistency of fresh
concrete when based on an average of three
penetration readiﬁgs.

2; This study showed a large variance in the
concféte tested, indicating that the practice
of averaging.thfée readings is desirable.
However, thé'present practice of eliminating
readings until three are found to be in
agreement Within 1 inch of slumé"is unnecessary
and statistically improper. It is thus con-
cluded that test results should be based on

the EVerage of the first three valid penetration

readings. This will result in a wider range of
test;data, which can be compensated for by
expanding the specification limits to more
reglistic values. Invalid test readings, e.g.,
when the yoke of the Kélly Ball binds on the .
shaft and the yoke feet are pressed into the

concrete, would of course be excluded.

)
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3. The data indicate that the 'nominal' slump
1imits as shown in the present Standard '
Sﬁecifications2 are not adhered to. Since
this study was ﬁased.on the assﬁmption'that
the concrete being received was of accept-
able. quality, the specification should be
relaxed accordingly. It is suggested that
thé%qqminal limits be replaced by a maximum
"rﬁnning averaggf limit which could not be
exceeded by the arithmetic mean of the 5
most recent Keily‘Ball Test results. This
would provide better overall job control.
4., The present specified maximum slump values
.were found to be adhered to on all but one
project and it is believed that the wide
variation:fognd in the consistency of transit-
mix concrete could be reduced by rejecting
concrete whose slump exéeeds thése values.
- 5. Statistical considérations indicate that mbre
_ efficient identification of out-of-gpecification
material would result from:

a, Establishment of a specific frequency
of testing,

b. Random selection of testing location.

c. Utiiization of control charts on the job.

=5
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" These procedures would provide test results which

are mere representative of the work and should give a better

overdi} pictﬁ;e'of'concrete being placed on the job. It is

suggested that these procedures be adopted on a trial basis
to determine their practicability under field conditions.

It should be noted that establishment of an exact

,freqqency of testing and random material selection would not

preclude inspection of every load placed on the job. Material
Whicblappeafed to be out of specifications, e.g., obviously
overwet material, would still be tested and rejected if it

was not within the specified limits.

MATERTALS AND TESTING PROCEDURES

PROJECTS 1 thru 3:

| Transit-mixed concrete was selected for the first
three projects of this study because of its wide use in bridge
cqnsqfuction. The Bridge Department selected the projects to
be studied each of which was assumed to be producing good,
acceptable structural concrete typlcal of that being placed
on DlViSlon of nghways contracts. Both sampling and testing
were_conducted under the direction of the Bridge Department
representatxve on: the job. |

Tegts were performed on flfty randomly chosen truck—

loads of fresh concrete from each selected project. Sample A
was taken after approximately 25 percent of the load had been

dlscharged, and Sample B was taken after approximately 75

-6~
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percent of the load had been discharged. Two test results
were obtained from each 'sample. Each test result was the

average of three slump readings.

'
1

This schedule of!testing‘was established because
it was believed that tests on the first and last quarter

points would reasonably represent the entire load

PROJECT 4
For purposes of comparison and in order to provide
a more complete evaluation of existing slump spec1f1cations,
it was decided that a study of pav1ng concrete was warranted
A project suggested by the Construction Department was selected.
_ ~ The concrete was mixed at a central batch plant

hauled in dump trucks to the paving 51te and placed by spreader
boxes in two broad windrows just ahead of a slipform paving
machine. After passing through the spreader box,'each 8 cubic
yard batch of concrete was approximately 10 feet wide, 25 feet
long, and 12- 14 inches high. _

~ Fifty test locations were,predetermined ty random
selection of sampling time random selection of windrow to
be sampled 4and random determination of sampling point
available at the random true. Duplicate samples were obtained
at_eachiiocatipn bylteSting a p01nt approximately 4-6 feet
away from the original randomlypselected pointfin the direction
of'travel of the paving machine. Testing'was done by personnel
from Headquarters Laboratory of the Materials and Research

Department.,

www . fastio.com
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¥°A C ange in the Test ProcedureS'

The present Callfornla Test Method for deter-
mlnlng concrete conSLStency by the Kelly Ball requires

that a minimum of three penetration readlngs be taken

for %§°h slump determination. If the difference between
the<@eximum and_minimﬁm_reedings is more than .l inch (of
slumé),_additional'meesurements must be made until three
reeqings.have been obtained which agree within 1 inch of
sluﬁﬁ'(% inch of'penetration)._ After discarding the
reedihgs which do not agree, the three readings which
egree withio 1 inch are averaged, and this dverage is
reported as the test result. Since tte purpose of this

study was to_evaiuate the reproducibility of the test,

this discarding procedure was not adhered to and the

firet three readings Were recorded regardless of their
veiue, ‘Although this change slightly increases the
overétl variance figﬁres, it would have little effect

on the results of this study.

‘COMMENT ON THE CALIFORNIA TEST METHOD FOR SLUMP
The California method of test for slump of

portland cement concrete differs in many respects from
3 4

the methods of test spec1fied by ASTM and AASHO

De31gnet10ns_c-360 and T- 183, respectively. Although

the iimitations of this study precluded any tests to

-
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evaluate these differences, it is believed that a dis-
cussion of them would be useful.

One difference in California's test method from
that of ASTM and AASHO is in the requiremehts for depth
of concrete and cléérance to the nearest wali California
specifies a minimum depth of 6 inches of concrete and a
minimum clearance of 6 inches from the center of the ball
to the nearest wall or other obstruction; whereas, ASTM |
and AASHO specify a minimum depth of 8 inches of concrete

- and a minimum clearance of 9 inches. During this study |
several comments were received from Bridge Department
inspectors to the effect that California's clearance and
depth féquirements are not great enough, although no
testing was done to verify this.
| ASTM and AA,sﬁo specify that if the first three

readings fail to agree within 1 inch of penetration,

aqditional readings must be taken until three successive
réadings are obtained which agree within 1 inch of pene-
tration California's test method stéteé that if the. first
three readings fail to agree within 1 inch of slump (% inch
. of penetration), additlonal measuremerits must be taken
until three readings are obtained which agree within 1 inch
‘of slump. .California does not stipulate that the three
readings which agree within 1 inch are to be successive

readings.
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_ lwwhét; obtainéd duriﬁg this study show that use of the
tolerance specified by ASTM and AASHO for acceptance of pene-
tratioﬁ readings would have required taking additional readings
on théfstructural concrete 5 percent of the time, whereas use

of California's tolerance would have required additional readings

more tﬁén'SO percent of the time.

' Another difference in the test methods has to do with
tﬁe céiibration of the shafts. For all three test methods, the
shaft of the- penetratlon apparatus is graduated in % inch
.1ntervals.l By the ASTM and the AASHO test methods, readings

- dye takep to the nearest % inch, and the consistency of the
xCOncreéé is recorded in terms of "inches of penetration". By
the Caiifoxnia methqd, each % inch graduation indicates % inch
of'sluﬁp; that is, each inch of penetration of the Kelly Ball

is :eéa as-2 inches of slump on the Kelly Ball Shaft. California's
readings are Eo be taken to the nearest % inch of slump, i.e.,
the nearest 1/8 inch of penetration.

M It can be readily agreed that if Callfornla would
adbpﬁ”éhe ASTM and AASHO methods of reporting test results,
'that;ig, in inches of penetration, confusion that arises from

'_érrbnééus direct correlation with the slump cone results and
when ébmmunidating,with other agencies could be eliminated.

. The ppééent procedure referring to the consistency of plastic
concréte in terms of "inches of slump'" as determined by the

) slqmpléone method do not necessarily correlate with the "slump"

values obtained from the California Kelly Ball Test Method.
«10-

ClihPDF - www fastio.com


http://www.fastio.com/

ClibPDF -

www . fastio.com

 ANALYSIS OF DATA

Frequency histograms of the datarcollectéd during
this study appear in Figures 1 t6 4. An analysis of test
data from the three structural concrete projects indicates

aver@ge values of 3.7, 3.9, and 4.0 inches for slump with

. overall standard deviations of 0.91, 0.94, and 1.27 inches,

respectively. The paving concrete project averaged 1.7
inches of slump with a standard deviation of 0.65 inches. j
_Although it is common knowledge that more uniform
concrete is generally obtained from'central mixing plants,
these standard deviation figures give a good measure of the
actual ‘differences in unlformlty obtained on these progects.
These differences result from the many uncontrolled variables
in the transit mix operation. Even though the addltlon of
water, mixing time, etc. are supposedly standardizéd; there
is much room for variability in these areas.
The distributions of data approach normalcy for
all four projects surveyed; however, it will be noted that
a slight positive skewness exists in each distribution.
This skewness may be attributed to the natural limiting
value of slump below which placement of concrete unde;

specific conditions is difficult or nearly impossible. The

data indicate that this limiting value is approximately 1.3

=]]=
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iﬁchas?ofKSi&ﬁﬁ fbr piabement.of'structural concrete and
0.5 inches for placemeﬁt of paving concrete. The resulting
distribution is very much like a Poisson distrii)ution5

which has a lower limit but tails off at high values.

) There are many sources of varlance in Kelly Ball
?est_résults; for_exampia,_variance due to sampling? testing,
variation in moisture content, gradation of aggregates,
degradatlon of aggregates during mix1ng, improper mixing of

materials, variation 1n m1x1ng time variatlon in propor-

tioning, temperature of 1ngredlents, ete. The procedure by

'Which this ‘study was made separates variance into only three

classifications:' variance due to sampling, CTSZ; variance

due tq'testing;_CTTz; and, variance inherent in the material,
HO‘AZ;_ This final classification includes all variance
axqapéithat due to sampling and testing. No attempt has
been éade to separate the @aterial variance into its several
gompoéants° It is noted that the three components of variance
ara‘aéded together to produce_rhe total variance and that the
squara‘rpqt of the total variance is the overall standard
deviaéionu

i There are several relationships indicated by the
data of Table 1 and Flgure 5. The sum of sampling and testing
variances was approx1mately the same for all projects. The
reiativeiy_large total variances found in structural concrete
rasr.results“were comprised mainly of material variance,
While;tha.tqtal paving concrete rariance,Awhich was relatively

small, contained little material variance.
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Considering the magnitude of sampling and testing
variances, it‘may be concluded that the test method is
reasonably accurate and reproducible when the test result

is based on the first three valid penetration readings.

The variation'in‘slump within any load of concrete -
appears in'Figure'6, These values were obtaimed by taking

the difﬁefenee between Sémple A and Sample B for the thfee

'structural concrete jobs. There was no significant difference

~in slump between the first and last quarter of the load.

DISCUSSION

The California Standard Specifications’ list the

following as requirements for slump of fresh concrete:

PRESENT CALIFORNIA SPECIFICATION

Nominal Maximum

. Slump Slump
Type of Work Inches Inches
Concrete pavement ' 0=-2 3
Nonmreinfofced concrete facilities 0-3 4
‘Reinforced concrete structures:

Heavy sections ‘ 0 -3 5
Thin sectioﬁs and columns ‘ 0 -4 6
Concrete placed under water - 6 - 8 9

«]3a=
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- ‘rheindﬁinal and maximum limits are further defined
in ﬁﬁg Stanaardképecificationso' Material is considered to

be Wiﬁhingspeéificggions if.it lies within the range shown

ds néminaliéiﬁmpg however, material with slump as high as

the @é#imumfslump may:be accepted,'provided that measures

Qré f@media;ely-taken_to modify production in order to produce
matéfigl with slumﬁ 1ying within the nominal range.

Considering the assumption that all material sampled

"ﬁa;‘&ﬁ"good, acceptable qﬁélity, it could be concluded that

preséﬁt sPecificatiéﬁ limits for the nominal slump are too
restfictive? since they are generally not being adhered to.

_im ﬁowever,win‘drawing this conclusion, one must keep
in_mihd that the intended slump value on two of the three
projécts"wﬁs as highmas'é% inches, which is already % inch
greaéer‘thén_the'standard“specification nominal limit allows.
Sincé the concrete was considered acceptable, there appears
to bé a need to set'ﬁ§ré realistic specification limits on
the ﬁominél slump values.

i Howeﬁer} the present maximum slump limits appear
quitéladequate since the<data show théy are usually being
attained. So, unless we intend to improve quality require-
menfé, these maximum values should be maintained.

: Because the nominal slump ramge is not being
adhe%ed to in cqrrgnt.constfuctiqn{ it is suggested that

it hé del@ted‘in favor of a maximum running average speci-

fication and that the present limits for maximum slump be

5 P
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retained. ~These limits could éléo be accompanied by a third
value,-”recoﬁmended average sLlump". Statistical analyses
indicate that if the contractor will maintain the recommended
average, the cqncrete‘will consistently meet the slump require-
ments. The recommended average would not constitute a require-
- ment, but would merely serve as a guide to the contractor.
This helpful procedure of including a guide in the specifications
is not without precedent6°
The "running‘average" would perform the function of
overall job controi and complement the maximum slump'requirement
in order to eliminate acceptance of large quantities of border-
line material which should actually be rejected. This control
would provide for correction of the mixing operation when test
fesults are approaching the specification limits. The running
average would be calculated by determining the arithmetic mean
of a specified nuﬁber'of recent test results. However,
rejected material would not be included in this running average .
figure'since this concrete would not be placed in the structure.
Appendix B contains an example of a calculation of
the running average based on the five most recent test results.
With the acceptance of this parameter for neﬁ -
3pecifigatibns, the problem remaining is that of setting
practiéal limitg, For purposes of comparison, the average

slump values necessary to produce concrete which will meet

present specifications 95 percent of the time have been
calculated and appear below, along with the averages obtained

during this study.

=15=
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' Necessary* Average.

. Slump to Meet Present Average Slump
o Specifications with a Obtained on
Use_ofLConcrete « _Probability of 0.95 These Projects
Pavement 7 - 1.4 1.7
‘Reinforced structures
' ﬁeavy sections 2.0
Thin sections-columnsr 3.0 3.7, 3.9, 4.0

It is evidenf from the above comparison that revision
in the?presept specificatiqn will be necessary to bring control
procgdﬁres in line with présent construction pfactice,‘specifi-
callyftpe "nominal range' needs to be less restrictive. In the
.fqyloﬁing‘prqposal'the "nominal range' has been deleted and the
;unniég‘average,_which should be more'enforceable_(énd assure

more uniformity of quality), has been substituted.

PROPOSED SPECIFICATLQN REVISION

A revision in slump specifications should contain
statements to the following effects:

1. The amount of water used in the mixture shall
be the amount required so that none of the
conerete produced will have a slump greater
than that shown for "Maximum Slump" in the
following table, except as provided in the
paragraph following the table. The running
average of slump as determined according to
the proposed test method in Appendix A shall
not exceed the values shown in the table in
the column titled "Maximum Rumming Average
for Slump'. ' :

*Baséa”on'the assumption that 15 percent of the slump
results may be above the nominal limit.

=16-
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2, When a test result exceeds the tabulated
value of '"Maximum Slump', the load shall
be rejected. Tempering of overwet loads
with cement to reduce slump will not be
permitted.

3. When the running average exceeds the
tabulated limits, the most recent load
tested shall be rejected and only a load
which lowers the running average to an

. acceptable value will be accepted.

4, Studies have indicated that in order to
. consistently meet these specifications,
the overall average of the slump of
concrete supplied to the job should be
equal to or less than the value tabulated
below as '"Recommended Average Slump'.

Recommended Maximum Allowable Maximum

Average Running Average Slump
Use of Concrete Slump (in.) of Slump (in.) (in.)
Pavément 1.5 2.2 3.0
Reinforqed structures : _
Heavty sections 3.0 4.0 5.0
Thin sections - ' '
columns | 4.0 4.8 _ 6.0

The above table should be followed with any other
statement similar to those paragraphs in the present speci-
fications that are necessary to insure adequate control of
concrete slump.

. The running average will allow a constant check
from one batch to the next, thus assuring the contractor that
maintenance of good quality confrol will enable him to continue
operations without rejection of concrete due to normal variation.
In addition, these control charts make it possible to observe
trends in the material being received and thus make corrections

before out-of-specification concrete is batched for the job.
-17-
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) The#maxlmun rﬁnning eyerage limit in the above proposal
is basedrcn_the probable_variance to.be expected from the overall
mean slump value when five samples are being averaged. The over-
all eyerage‘slump obtained on_these_three structural projects was
3.9 incbes with e standard deviation approximately equal to 1 inch
of slu%p; q

|  Using these values, the maximum running average figure
(based on a sample size of five, when the overall average is 3.9
lnches) is 4 8 1nches of slump The details of this calculation
will be found in Appendix B. o

i If 1t is felt that the above specified concrete needs
to be upgraded the allowable running averages can be changed
accordingly. However, based on the results of this study, it is
neither recommended or even implied that higher quality concrete
be obtalned or that there is any general need for high quallty
concrete. This_controver31al_1ssue, with its many ramifications,
involves too many variables to be resolved with the data available
here. o |

| _ Should the proposed specifications be adopted on a trial

basis, a well defined'method of determining where and when to
sample w1ll ‘be needed along with the malntenance of good records.
Presently, the Construction Manual7 requires that Kelly Ball Tests
be made only when test cyllnders are fabrlcated and when consistency
or unlformlty is questlonable, Since the frequency of making test
speclmens varies from project to projectl the frequency of testing
for con51stency varles also and, consequently, widely variable

progect control is pos31b1e.

-18_
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Reports from various resident engineers and Bridge
Department representatives have indicated that the fﬁequency
of testing for slump ig highly inconsisteht; Extremes have
beenlreported which range from testing every load of concrete
delivered to testing only a few loads, even on large projects.

On the othér hand, it is felt that the adoption of
this proposal covers the essential elements of any good
specification. That is, it gives practical and attainable
limits, it_requires a method of record keeping to aid in
compliance, and there remains a documented record of what

quality concrete was received on the joB;

°  PROPOSED CONTROL PROCEDURE

In conjunction with the above proposals; it:is
believed that more uniform and effective céntrolmof consis-
tency could be obtained by establishing a sampling frequency
similar to that shown below and through rejecting material .
which does not meet the proposed slump requirements. A more

- detailed procedure is outlined in Appendix A for large projects.

Frequency of Testing:

For inclusion in the Construction Manual under

"Sampling and Testing'':

PCC - Bridges and Major Structures

1. When difficulty is encountered in controlling

the consistency of concrete, test every load.

-19-
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‘On short-term projects, where mo unusual

difficulties are encountered, test one
randomlﬁ selected load out of every three
loads.

On long-term projects where good control has
been shown to exist, test one fandomly

selected load out of every five loads.

PCC - Pavement

Where difficulty is éncountered in controlling
the consistency of concrete, test every load
or at four.randdmly selected times and
locations per hour.

During normal operation, test one randomly

selected time and location per hour.

Provisiqn for Controel Chart:

Even though a satisfactory frequency of testing

may Bé employed, it is believed that control of siump will

be asksured only if test records are maintained and used to

control production. For this reason, an example of a

control chart has been prepared, and an illustration of its

use is shown in Figure 7. The data on this chart are

typical of that obtained in this study. A record of this

type could serve the resident engineer in two ways:

www . fastio (j(i m
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1. It would provide data for detecting déily
or weekl& trends in the consistency of |
the concrete being produced.

2. It Wouid provide the resident engineer
ﬁith a record of the overalllquality of

concrete being placed on the project.

Random Sampling:_

The procedure outlined above will be workable only
if the requirement of random seleétion of testing 1écation
is strié;ly adhered to. The very nature of the measurement
allows the inspector to prejudge the material, In{cht,
some ‘inspectors pride themselves on their ability to eétimate
the Kélly Ball Test results. With the variatipn in material
and the inspectoFs abiiity to predict results, it is impera-
tive that the process of randomly selecting saﬁples be
strictly adhered to. A proceduré for random saﬁpling is

given in Appendix B.
CLOSURE

The results of this study would indicate in brief
Fhat the application of statistical principles to the use
and interpretation of the Keliy Ball Test would improve’the
use of the test as a quality control procedure. The.adoption

of the AASHO and ASTM methods of test might prove beneficial

-21-
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'in_tééi inﬁeépreféfion.f And fiﬁdll&; that present specifications

appear to be too restrictive for the donstruction industry to
meet. - . |

_ In,addition;.these findings are also in general
agreeménﬁ with_those reported by the Bureau of Public ﬁoads on
theif{recent review concérning slump_dontrol of concrete on
thirtg-c?lifornig Federal-Aid construction_projectsg. It is
feltsfha; thé control procedure outiined in this study will
help eliminate the deficiencies noted by the Burdau's: Inspection
Reporﬁ? pérticﬁlgrly with respect to the frequency of sampling
to ingure_mpre uniform control, and documéntation of test

results by utilizing control charts.

_ "The opinions, findings, and conclusions
expressed in this publication are those of the
authors and are not necessarily those of the
Bureau of Public Roads."

-22-
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'PROJECT NO. |
DISTRIBUTION OF DATA-KELLY BALL TEST
(AVERAGE OF THREE OBSERVATIONS)

Intended Slump-4 Inches
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PROJECT NO. 2
DISTRIBUTION OF DATA

KELLY BALL TEST
(AVERAGE OF THREE OBSERVATIONS)
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FIGURE 2
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PROJECT NO. 3 |
DISTRIBUTION OF DATA-KELLY BALL
TEST
(AVERAGE OF THREE OBSERVATIONS)

* 50+
Intended Slump-4.5 Inches
ﬂ
40- X=4.00
- o=1.26
— n=199
> 30+
$)
Z
L
o)
)
E . .
w204 10
10 | |
AU R]

N O'III.IIIIIIIIIIIl
3.00 500 700 $.00
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NOTE: Slump was read to nearest 1/2 inch on
this project.

FIGURE 3
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PROJECT NO. 4
DISTRIBUTION OF DATA-KELLY BALL

TEST
(AVERAGE OF THREE OBSERVATIONS)
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SOURCES OF VARIANCE—KELLY BALL TEST
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APPENDIX A
Tentative Method for Sampling and
Determining Compliance with the Proposed

Specifications for the Consistency
of Fresh Concrete «

SCOPE |
This method Prqvides a sampling procedure and a system
for determining compliance with the proposed specifications for

v consistency of fresh concrete.

¥

PROCEDURE
A. Sampling

1. Concrete delivered to the job site in
ready-mix trucks:

Sample_alllmaterial which does hoﬁ appear
to meet specifications. For material which
appears to meef specifications, éample every
truck until four consecutive loads have met
specificat@ons,‘then randomly sample.oné'load
out of every three until four consecutive tests
pass the requirements. Sampling shall then

. continue at the level of one randomly selected
load out of every five. At any time a truck.
load of material is found to not meet specifi-
cations, the material shall be rejected and the
abéve sampling plan shall be repeated.

2. ‘Sampling material delivered to the job
site from a central mixing plant:

 Sample any material which does not appear

to meet specifications. At the beginning of a

ClibPDF - www .fastio.com
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.ﬁrbjégéﬁééﬁéwf;ﬁr téété;éﬁ‘faﬁdamly selected
locations every hour. After taking four
consecutive tests which meet specifications,
the sampling frequency may be reduced to
taking two tests every hour at randomly
selegﬁed locations. After taking four tests
which meet specifications at the frequency of
two every hogr, the sampling.frequency may
again be reduced to only one test every hour
at a randomly selected location. Ié at any
time a test reveals the concrete does not
meet specifications, the material shall be
rejected and the sampling frequency shall be
increased to four tests every hour and thé
procedure described&abdve shall be repeated.
B. Random Seiection

| Any random method may be used to deter-
mine the sampling location or the truck from
which the sample is to be drawn. The rolling
of a die, the drawing of a number, or the use
of random number tables are fﬁlly acceptable
methods of randomizing providing all of the
material being received on the job has an
equal chance of Being sampled. Appendix B
c;ntéins two examples of random selection

using a table of random numbers.
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Test
Test
Test
Test
Test

Test

Testing

All samples shall be tested using‘

California Test Method No. 520% as soon as

possible after discharge from the mixer.

Calculdtions

No.
No.
No.
No.
No.
No.

After each test is completed, the test

result shall be used in calculating a

"running average''.

This parameter is

obtained by the following procedure:

1 Running Avg.
2 Running Avg.
3 Running Avg.
4 Running Avg.
3 Running Avg.
6 Running Avg.

]

Result No. 1 - 1.00 inch

Avg.
Avg.
Avg.
Avg.
Avg.

of Results 1 & 2 - 0.75 inch

of Results 1, 2, & 3 - 0,50 inch
of Results 1 thru 4 - 0.25 inch
of Results 1 thru 5

of Results 2 thru 6

Subsequent running average figures shall be calculated

using the most recent five test results. Any test results from

material which is rejected shall not be included in the Running

Average.

ED

Compliance Requirements

1’

All test results must have values less than the

MaximpmrAllowable Slump given in the specifications.

All Running Averages must have values less than the

Maximum Rumning Average given in the specifications.

Material which does not comply with the above require-

ments shall be rejected.

*#See Appendix C for copy of test method.
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APPENDIX B

Example Calculation on Random Selection;
Routine Running Averages; and
Determination of Maximum Running Average Limit

_ Random selection is based on the prgmiéé that any
portion of a universe has the same chance of selection as any
other portion. Therefore, any method that meéts this require-
ment is satisfactory for use with tﬁe sampling procedures
6utlined in Appendix A. | |

For illustrative purposes,“howe?er, the foliowing

examples have been prepared with random selection beiné based

‘on a table of random numbers.

EXAMPLE 1

Sampling from a Group

Assume that good control of concrete has been demon-

‘strated by a contractor who 1s producing structural concrete.

The inspector, ace¢ording to specifications, is to test one
randomly selected truck out of every five. | _

Using the table of random numbers attached, the sampler
selects the truck to be sampled in the following ménner..
Starting at any point in the table, the sémpler selects the first
;anddﬁ number and multiplies it by 5. The truck is selected by
rbunding the answer upward to the next whole number. For example,
if the product of the random number and 5 were 0.2, the sampler
would sample truck No. 1 of the first group of five trucks. If

the prdducé were 3.5, truck No. 4 would be sampled, etc.

www . fastio.com
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From the first random number, the sampler would
'proceed down the column of the random number table he had
selected, being certain not to skip any numbers. It may
be seen'that any number of trucks or other items in a lot

‘couih Be used as a base for desermining wnich truck or

jitem to sample.

Example:
_ ; Sample From
Group Number of Items Random Number#® Item No.
1 5 .576(Top of '2.88 - 3
P | column 1-4)
2 - 5 .892 4.56 - 5
3 5 .669 3.35 - 4

Random Sampling Using Time

An inspector has determined from specifications
that four randomly'selected locations are to be tested
durfng the next hour ¢f production of paving concrete. The
samSier obtains the first four fendom numbers from the
tabie, starting at any point in the table and proceeding

| up or down, not skipping any numbers.
: Each of the fandomly selected numbers is multi-
plied by 60 mlnutes and rounded upward The resulting
' numbers represent the time segments during which tests are

to be performed°

*Table of Random Numbers attached.

¢
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Example: “The hour to be tested begins at 11:00 a.m.

Random No. ‘Segment ”Time
Number Segments Tested of Test
685 60 41 11:41
.875 60 53 11:53
.183 60 11 11:11
612 60 37 11:37

Additional segments may be selected as alternates
if it appears that ome test will not be completed before it
is time for another to begin. The problem presented by
construction delays can be solved by counting time only

while the contractor is operating.

EXAMPLE 3
Calculation of the Running Average

Maximum Running Average = 4.8 inches (Proposed Specifications)

Test No. Result Sum Running Avg.
1 3.50 2.50
Material Rejected

2 4.50  8.00 3.25
-3 3.83 11.83 3.44
4 3.50 - 15.33 3.59
5 2.67 18.00 , 3.60
6 2,50 17.00 3.40
7 3.83  16.33 - 3.27
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" EXAMPLE 4

‘Detérmination ‘of Maximum Running Average Limit

for Structural Concrete Based on the
Results of This Study

Basic Statistical Relationship:

X

it

- wawww fastio.com

2 v, 20
X=Xty =

The dverall average slump value obtained by
combining the results of these three structural
projects: :

X = (3.7 + 3.8+ 4.0)+ 3 = 3.9 inches

Averdge to be expected from a small number
of n samples. For setting slump limits X is
set as the upper limit of the specification.

Number of samples included in X. 1In this case
n=>5.

Standard Deviation. A measure of the expected
spredd of_individual results around the overall
average (X). Based on this study g is approxi-
mately equal to 1.

A factor correéponding tc a probability of about
45 parts in 10090.

-
RS

I

(X
I

For upper specification limit X = X+
' 2¢L)
3.9 +,—q=§a
. N B

X =39+ fTﬁ% = 3.9 + °9.= 4.8 inches =

Maximum Running Average.
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RANDOM NUMBERS

A B A B A B A B A B
.576  .730 430  .754 .271 .870 .73z .721 .998 .239
.892 ,948 .858 .025 .935 114 .153  .508 .749 291
.669  .726 .501  L402 .231  .505 .009 420 .G17  .858
.609 482 .809 .140 .396  .025 .937  .310 .253  .761
.971  .824 .902 470 .997  .392 .892  ,957 L6400 463
.053  ,899 .554 627 L2270 760 4370 .040 .904 . 993
.810 .159 .225  .163 .549 405 .285  .542 .231  .919
.081 .277 .035  .039 .860 .507 .081 .538 .986 .50l
.982  .468 L334 ,921 .690 ,806 879 .44 L1106 .031
.095 . 801 .576  .417 .251  ,884 .522  .235 .398  .222
.509 ,025 .79%  .850 .917  .887 .751 .608 .698  .683
. 371 .059 . 164 .838 . 289 . 169 .569 . 977 .796 . 996
.165  .996 .356  .375% .€54  .979 .815  .592 .348 743
477 .535 .137  .185 767 187 .579 .787 .358 .595
.788  .10i .43L 638 .021  .894 .324 . 871 .698 .539
.566  .815 .622 548 .Sh7  .169 817  .472 .86L  .L66
.901 .342 .873  .964 .o42  .985 .123  .086 .335 .212
470 682 A2 064 .150 ., 962 .925  .355 .909 .019
. 068 L242 .667 .356 . 195 .313 .396 460 740 . 247
874 420 127 .284 A48 215 .833 .652 .601  ,326
.897 .877 .209 .862 428 17 .100 .259 425 284
.875  .969 .109  ,843 .759  .239 ,890 .317 .428  .802
.190 696 .757 .283 .666 L9l .523  .665 L9119 L 146
L34t .688 .587 . 908 . 865 .333 .928 Lok .892 .696
. 846 .355 .831 .218 .945 . 364 .673 .305 . 195 .887
.882 227 .652  ,077 Ash 73] .716  .265 .058  .075
L 658 .629  .269 .069 .998 .917  .217 .220  .659
123,791 .503 447 .659  .hL&3 .994% 307 .631 422
116 120 .721 . 137 .263  .176 .798 .879 432 . 391
.836  .206 .914 574 .870  .390 104 755 .082  .,939
.636  .195 614 486 .629 663 .619  .007 L2096 456
.630 ,673 .665  .666 .399  .592 RLTIS I VT .270  .612
804 112 .331  .606 .551  .928 .830 .84 .602 .183
.360 .193 ., 181 .399 . 564 772 .890 .062 .919 .875
.183  .651 .157  .150 .800 .875 .205 446 .648  ,685
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APPENDIX C
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State of California
Department of Public Waorks
Division of Highways

MATERIALS AND RESEARCH DEPARTMENT

Test Method No. Calif. 520-C

September 14, 1944
{2 pages)

METHOD OF TEST FOR SLUMP OF PORTLAND CEMENT CONCRETE
(Kelly Ball Method) ' |

Scope

The slump of concrete by the Kelly ball method is
a procedure for defermining the consisteney of fresh
conerete, This method is a modification of ABT.M,
Designation: € 860 and A.ASILO. Designation T
183.

A, Apparatus

The Kelley ball apparatus consists of a steel pene-
trator having a 6-in. diameter hemispherical tip which
is machined to a speeial finish. The peunetrator is at-
tached to a gradnated shaft on which the smallest
graduations (14 inch apart) correspond to 14 imech
of slump. Thus, *‘Kelly Ball slump’’ is read dirveetly
using the scale on the shaft. The weight of the ap-
paratus, exelusive of the yoke, is 30 == 0.05 pound.

" FIGURE |
KELLY BALL SLUMP TEST

Readings are made at the top of the tubnlar sleeve
attached to the yoke. (Zero reading is established by
serewing the graduated shaft either in or out of the
penetrator when the feet of the voke and the bottom

of the penetrator are on the same plane; the jam
nut is then tightened) (see IMig. I).

B, Test Procedure

1, The Kelly ball slump test may be made on con-
crete in a wheelbarrow, bugey or other container, or
after it has been deposited in the forms or on the sub-
grade. The only restrictions for normal highway con-
crete are that the conerete be at least 6 in. deep (above
the bottom of the container or buried reinforcement),
and that there be at least 6 in. of clearance from the
center of the ball to the nearest wall or other obstruc-
tion (see Notes).

2. The eoncrete Is tested as it comes from the mixer.
It is not tamped, vibrated or consolidated in any way,
Large pieces of agpregate are nof removed, It is pref-
erable to perform the test as soon as possible after
discharge from the mixer (see Notes).

3. The surface of the conerete isx struck off level
over an area of two to three square feet. {The amonnt
of screeding should be the minimum required to se-
eure a reasonably level surface because overworking
will ftush excess mortar to the snrface and the indi-
cated slump will then be too high).

4. Ilolding the deviee by the handle, lower it slowly
over the prepared area until the feet of the vole touch
the surface of the concrete. Make certain the shaft is
in a vertical position and free to slide throngh the
volce, Gradually lower the ball into the eonerete, main-
taining enough restraint on the handle so that pene-
trafion is due to the dead weight of the ball only and
not to any force generated by aceeleration of the mass.
When the ball comes to rest, release the handle and
read the slump to the nearest 14-ineh. Settlement of
the feet of more than 14-inch is an indication that the
conerete has been over-worked in sereeding the sur-
face, or that the yoke is binding on the shaft.

3, Take a minimum of three individunal readings for
eaclt slump determination. Individual readings shall
be at least nine inches between centers. If the differ-
ence Dbetween maximum and minimum readings is
more than one inch slump, make additional measure.
ments until three readings have been obtained which
agree within one inch of slump. Failure to obtain
readings which agree within one inech may be due to
excossive mortar at one location, or due to a picee of
large agpregate near the surface and immediately
under the ball.

6. When tests have been completed, wipe the ap-
paratus elean and return to carrying case,

C. Reporting of Resnlts

Report, to the nearest 1 inch, the average of three
readings as “*_______ inches slump, Kelly ball’’.
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Notes

1. If tests cannot conveniently be made elsewhere,
they may be made between form walls spaced not less

than 8-in. apart, provided there is no reinforcement -

within G-in. of the leveled surface.

2. One important reason for testing conerete
promptly after discharge from the mixer is the possi-
bility that certain eements may cause premature stiff-
ening, or false set, within 30 to 60 seconds after the
completion of mixing, When this occurs, the con-
crete stiffens markedly, even to the extent that it can
be walked upon without leaving appreciable foot
marks. Obviously, a slump test that is made after
false set has taken place will indicate the concrete to
be dryer than it was when mixed but it is improper
to add excess water in trying to overcome premature
stiffening. There are all degrees of premature stiffen-
ing and, if only slight, it may be difficult to recognize,
Therefore, it is important to measure the slump
promptly. The Kelly ball has a marked advantage
over the slump cone in the time required to make
the test.

3. ““False set’’ or premature stiffening is so called
because the original consistency of the concrete can
be restored by reworking it sufficiently. It is trouble-
some to the conmtractor, but it should not be com-
pensated for by the use of extra mixing water, because
this will result in impairment of the guality of the
concrete. False set is less likely to oecur in ready-

SunTfastio.com

mixed conerete because the period of mixing and agi-
tation usually is sufficiently long to overcome any
stiffening effect that might have oceurred after a
shorter mixing time.

4. The minimum depth of conerete for a satisfae-
tory test depends on both the penetration and the
maximum size of aggregate. The minimum clearance
under the ball after penetration should be about twice
the maximuie size of aggregate. The penetration of
the ball in inches is equal to approximately one-half
the slump as measured by a standard slump cone.
Thus, a 6-in. depth of concrete is sufficient both for
conerete containing 114-in. aggregate for slumps up
to 6-in. (3-in. penetration), and for concrete contain-
ing 2%-in, aggregate for slumps up to 2-in, (I-in.
penetration}.

5. Aeccuracy is impaired if the surface of the Kelly
hall is roughened by scratches, dents or adhering mor-
tar. It should be cleaned carefully after each test and
always kept in the carrying case when not in use, in
order to help prevent springing the yoke out of shape
and to deerease the consequent need for frequent ad-
justment of the zero setting.

REFERENCES

AST.M. Designation: C 360
AA8.H.O. Deszignation: T 183

End of Text on Calif. 520-C
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