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trolled by puliour tests.
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W sections arz quoted as a modei for future use. Based-on corretation

KEYWORDS: COACIBLES, CoNeTete structures, reinforced cancrete, in-
place testing, .pullouttestinig, early form removal

(1) theuseofa 9l-day.critetionforspedﬁed strength in the verti-
cal elements of the frame;

(2) extensive use of in-place testing of horizontal elements o (2)

© it early removal of forms, (b} determine earliest acceptable

“ination of teshoring, and (c) confiem in-place strength at 28

or later; and “ ’
tan elimination of the normal Statutory requirement for sian-
dary concrete test cylindess for concrete that was tested by.in-place
test methods. .

The main purpose of the paper is tg show that in-place testing can
be used alone to determine the strength of concrete in a structure.

Specification

Requirements for conerete weee based on National Standard of
Canada Concrete Materials and:Methods of Concrete Construction
(CAN 3-A23.1-M77). Quality requirements are similar to those
specified in American Concrete lnstitute Standard (ACI) Building
Code Requirement for Reinforeed Concrete (ACI 318).

Toenable early stripping of forms a1 whalever age produced opti-
mum progress, alternalive mixes for slabs were specified (0 mest 2

strength requirement of 75% of the spetified compressive Streagth
of concrete ] at one, two, and three days, as well as mecting 7!
requircments at 28 days.

For in-place testing, the relevant specification clauses (ACT 318)

were as follows.

3

lmeumdh-mung to Structoral Engineer, Restdent Engi.
acer and Constyuction Maugqimiwfmd,ﬂﬁ'lﬁisim made and
checked. Keep file on site.

“(b) Concrere Tested with Puﬂ';uu:

Until m@-%ﬁdaywnmwmqﬁp&rm
is satisfactory io the Engineer, make 2 cyfinders per 100 cubic meters or
less of-ezeh pour for testing at 28 days.

2. Wherz In-Ploce Testing is Required

Instal at Jeast 15 pulioat inserts per lDOM’pouruI.cnpm,qupoucs
in excess of 100 M7 provide 2t least an additional | tasert per 20 M3,
Install 2 2dditional pullout incerts per pautforlﬁﬁng_it_l&d{q;

hmammimgamum:@dmhgmmm,
msertsin mesuﬁhofﬂahamhnﬁmwlgduﬁm

Tenhmjmpriochthetimg&is dtoremiove forms. Gener-
ally, at least 10.tests wifl be made. H the first v
diie.lhse’toflﬂtspmﬁuus' CALES resuits £

values, recomimend further tesis then or additions) curing.

wmmqmdwctwum.mmmamm
using additional inserts Or maturily mefers.

Test two inserts at 28 days.

During cold weather concreting mxke temperature checks within the
beated or insulsted areas and. record.

These are innovative claoses for a contract speeification, They

worked well in practice and are recommended as 2 model for guid-
ance.

Corzelation

In order to correjate puliout force with the compressive strength

of standarg cylinders, a total of thirty 150-mm-diameter 300-mm-
long cylfinders were cast from two loads of 30-MPa concrete. A pull-

{0 determine pu Houwt f orce, and the cyli

! Vice-presigent. Trow L1d.. 43 Baywoud Re., Resdule, Omaria, Can-
ada M9V 3Y8.

0149-6123'8410006-m28502.50

tesied in compression 12]. The ra::gé al cylinder cohlprcssiu
strength was 310 35 MPa. Regression analysis of the data gave the
following results:
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slope = 1325,
intercept = 5.326. and
., corrclation coefficient = 0.98.
A9
\ Therefore. the relationship used to convert pullout force to equiv-

alent standard cylinder compressive strength was

in-place compressive sirength {MPa) = 1.325
X pullout foree (kN) — 5.325

Statutory Requirement for Cylinder Tests

Building regulations require that concrete shall be sampled and
tested in accordance with {CAN 3-A23.1-M77 quality requirem=nis
similar to those specified in ACT 318), and the specification for the
project required this. However, on one previous project with the
same structural engineer where in-place testing and an accelerated
construction program had been used (Continental Bank), cylinder

ment, been much reduced in the latter stages of the project:
is was because ali parties involved felt thaz the 28-day cylinders
were meaningless for elements of the structure that had been given
extensive in-place testing, and in which mixes having higher paten-
tial strength than that specified for structural reasons were being
used insorder to achjeve acesleration.
On:the TrinityBquare project, in-place testing was used in the
latterstages of theSubstructure in order to carch up with time fost

— q‘ing had, with the agreement of the Toronto City Building De-
x5

throu,ghmdcmeubmthu However, a full program of in-place

testingwas not applied until the superstructure was started. Discus.
sions:were held with the Toronto City Building Department weil in
advanee of wncrﬁng. The Building Department had signified that
they would be redeptive to the eftmination of concrete cylinders
wheze-élcmentswire tested in-place, sabject to teceiving satisfac-
tory correlation Fita. :

At the start of the superstructure, therefore, 2 program of corre-
lation tests was made to produce data showing the relationship be-
tween the compressive strength and the puliont strength of standard
soncrete cylinders. This was submitted to the Building Depari-

_.nent, and approval was received early in the construction of the

perstructure to efiminate concrete cylinders for slabs where in-

ace testing was being done,

Because of the size of the project, a resident technician from the
testing company was available on site. Initial discussions with the
ready mix supplier indicated that he was extremely negative to-
wards the possibility of accepting tests other than standard cylinder
tests on his concrete.

Because of the presence of a resident technician, it was thercfore
decided that standard cylinders would be cast at the minimum rates
specified in the contract documents, 5o that these would be avail-
able in case the in-place tests indicated the possibility of low-
strength concrele. If such an event occurred, standard cylinders
would be available, and there would thersfore be no potcatial legal
problem should the contracior find it necessary to discuss with the
supplier the possibility of concrete below the specified quality. As
shown by the test data, none of the in-place test results indicated
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tests conlirmed that the concrete supplied was adequately repre-
sented by the in-place tests, and, in fact, no.peoblem arase because
of eliminating the testing of standard cylinders.

Test Procedures

Sampling. casting, curing. and testing of standard eylinders were
performed in accordance with CAN 3}-A23.1-M77 {equivatents
ASTM Standard for Making and Curing Concrete Test Specimens
in the Field [C31] and Test for Compressive Strength of Cyfindrical
Concrete [C 39]). Pullout tests were made in accordance with
ASTM Test for Pullout Strength of Hardened Conerete (C 900.
78T). The pullout inserts used were 75 mm in diameter and were
placed 25 mm from the concrete surface.

Test Data

The data were comprised of about 2500 standard cylinder tests
and 2300 pullout tests. '

Analysis of Dato

In the absence of any recogaized standard proceduces, pullout
test data have been analysed as follows.

1. Each set of test results coasists of 2 numniber of pullout tests,
For form removal the number is usually about ten, and for 28-day
testing, two. The tables show these numbers. -

1 Eachpullout test result is.converted toanequivalent standard

3. Minimum in-place strength is calculated as follows:
minimum suength =5 — ko

where k is 3 constant that varies depending on the number of pull-
oul tests comprising a test result. Table | is used with the specific
pulloul system for the tests described in this paper [3].

Tests for form removal are made at the time at which it is esii-
mated the maturity and strength of the concrete will meet form
removal criteria. The age at which this-octurs varies, and form re-

moval test data given in the tables reflect this.

Substructure

A summary of standard cylinder test results anzlyzed in accor-
dance with ACI 214 and pullout test results is given in Table 2. All
cylinder tests met specification requirements. ;

unsatisfactory strength, and-the specified strengih was mét consis.
tently by a wide margin.

Howerer, in the imeresis of oblaining informatian for this paper
and because having cast the cylinders, it was siple 1o cap and Ies
them, the author carried out normal testing of these crlinders, b
they were nol reporied 1o the clignt. As will be seen. the eylinder

comprising a iest regult n.

n 3 3 S & ? 5 9 10 -3 127 13 14

k 230 213 1.96 1.B6 1,79 1.74 1.70 1.57 165 1.62 1.61 156
a 13 W 12 S 19 0 B 3 3% an 25 54
E 038 137 155 1.54 1.54 1.31 150 1.97 1.46 .94 1.3 .43
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TABLE 2—Substruciure lest dasa,

TABLE 3-—J~pemrwura fest data,

“Note: Al pullout (s musar:iw'mms placed in the 10p surface of
the contrete slabs, Compresﬁummgm nhuwuined!‘mmwm

curve.

There were 84 occasions on which in-place tests were made a( 28

4ys and for which 28-day standard cyfinder test results were also
ailable. For both types of tests a resul; comprised two individual
('" . This data are given in Table 5.

r
Discussion

While there isncthing new orspecial abour the cylinder tes1 dara,
these provide 3 relerence poing by which the in-place dara €an be

judged. tn assessing the data, a number of factors should be keptin
mind.

For alt in-place teyts the Strengih of the concrete is g Tunction of
the curing history of the concrele, and no data were Kepion thar, Ay
28 days. concrete does not aecessarily bave the same maturity in

= ﬁ——-_-h-'—-_____
Standard Concrete Crlinder Tests Resuns Standard Concrese Cylinger Tegig Rasuls
(  Spetified Surengih 7 Day 28 Day 91 Day Specified Strengih 7 Day" . 28..-D:y .91 Day
25 MPa 30 91 days. » 36 n kY 30 MPa ar 28 daysh, , 17 -
. . MPa 28 23.2 2.0 %. MPa 30.4 3.3
¢. MPa 2.7 3.5 4.0 o. MPa 2 2.9
" 30 MPa ac 28 days, » nat 218 i 30 MPa 31 28 days, 12 132
X. MPa © calculated 37.8 e X. MPa 326 ns sty
o, MP2 & 4.2 - a. MPa s 4.2 Al
40 MPa at 91 days, n 8s 80 81 40 MPa a1 28 days, s 67 70 .
X. MPa 85 47.1 55.1 % MPa 40.2 48.3 S
o, MPa 3.6 5.2 5.1 o, MPa 4.0 - 4.5 .
30 MPa a1 9) days, » N 15
Puliour Test Resyrree £, MPa RIN 7.0 2.4
30 MPa at 28 days 3ge A time of test between 3 2nd 9 days °. MPa 32 39 4.2
number-of sets of tes5; results = § 35 MPa ar 91 days, » 62 &2 63
number of pullout tests 35 3 se1 of test resuls X. MPa J4 379 43.6
=401, average = § o, MPa “26 0 36
mean streagth {all results) = 25.3 Mpy 40 MPa %1 91 days, 4 a5 as
range of standard deviation for each sei of pullouy X. MPa * 352 2.6 9.3
esis = 1.2 10 6.9 MPa a,. MPa . 3.2 4.2 45
( : mean standard deviation for gy sets of puliour -
o iests = 3.6 MPs “Seven-day test' resulrs art for one cyfinder and 25. and 9i-day test

resulis are for sets of two cyiinders.

Tests on concrete in slabs before uhiagarsau!ory reQutirements for
crlinder teging, :
“Tests after cylinder testing requirement wiived,

parties 10 a conirscr usually make 1ests on the concreie in-place.

With regard 10 the useol a 91-day criterion for specified strength
lor the calumus icate

been kept saturaged. Such tesig only show (he in-place strengih ay
that location a1 the tige and age of tesy.

A number of clear trends are evident, howerer. Li-place strength
fereased with ape g by a significan: percemage cven though ne

Hinder—iorhas e ~pIate concrele

streagth ot 7. 28 ang 9 days lor standard cylinders were very con-
sistent for all mixes tFig. 1), This reinforecs the concepr thay
strengih at kaee ages can pe predicied fran reses 4 early ages. o is
suggesied. therelore, thay having cstablished these relationships.
festing for 91.day spevilicalions could be salely terminated with 28.

lementsrelationsivips Berweer B
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TABLE A—Sopersirucivre test deto Ppulious 1es1 results,”

Insents Placed in
—_—
Tests Top of Slab Bottom of Siap
Form Removai '
Age at time of test, days Je? 207
Nmb:rofsusnltmxtsulun. 24 t77
Rumber of pullout inseris in a set-of 1eg resuits, MPa 6o 4 2004
. average 9
Mean sirength of all sets of test resyis 1. MPa 26.2 278
Standard deviation of standard deviations of all sets of test resulis o, MPa 3s 24
: E (174 sung)
Latze Aces s
Age at time of test, days’ %10 87'but usually 28 or
close 10 28
Number of sets of test cesults 127
Number of puflout inserts in a se1 of test resulls 2 d
Mnnwaannueftmruu&s. MPa 5.6 3
Standard deviation of ail seis of test results, MPa 4.1 .
Lawest test resutis, MPa 0.9 ¢

“Compressive strength values obtsined from corvelation curve.

testing or earlier. Withthein.c:usiuguuo{ﬁ- and ZS.SMPxforthe‘in-piacetstswould ma:tsh'cngthrequ:mzmts.
91-day strength teg_u:iretmnts Eorvetﬁme_lmnmg. particularly for If thisvalueis taken, then Mﬁﬂﬂmbmmfém theaverage
high-streagth conegetz, refisble prediction of ultimate strength at streagth is 3.3 standard deviations and the estimated number of

earlyages is impoctant, Otherwise failure to meet strength require- results below £2 becomes 1in 1000,
Table 6 gives the results of tests on six poucs in which inserts were

petiod of the contratet. For the standard cylinders, both the actual

and expected percentage of results below J¢ was the same (tharis, ~ Comclusions

1%), and the only set of cylinders below 71 had 2 strength of 29.9
MPa. With regard to the in-place tests, no puffout tesy results fell  ment of concrete quality more difficult.

‘ow the equivalent of /1, although statistically 5% would have
n expecied. The average in-place streagth as determined by
lout tests was 899 of theaverage coresteengih of standard cylin-
- When tests are made on concrete in 2 structure by coring, both

American and Canadian codes accept the concrete ac Structurally K
accepiadle if the average core strength is equal to, or exceeds 85% z
ol f¢ and 00 result is below 75% of f¢. I, therefore, we accepl thar
0.85/%is acceptable for all in-place tests then an averagestrength of 2
&
L4}
TABLE S—2f-day test resulis I7. 30 MPy, g
"
Siandard H
Parafmeters Puliouts Cylinders S
o
Number of resuls 84 84 =
Mean sirengih . MP3 Ja.q J8.8
Standard deviation 0. MP3 2.7 )9
o K] S - e W9 10477 — - - -
' Difference berween /! and § 1630 124
Expected number of resulis belnw 7! 4(4:9%) 111.2%,)
Actual aumber of results below ! nil H{1.2%)

“From correlation Curve,

a
o

!

defect placed in both the top and bottom of the siab, Varisbility was simi-
The data in Tabie 5 show the relationship between 28-day in- la:-forbuh-buﬁoas,.hutontmﬁe-tb:e in-place strength indicated

Y yli t age. [ by the pullout m‘mlboutG%hssat—tbé!op'ofﬂledﬂbsmanat
will be seen from th data, that the variabifity of the strength of the  the bottom,

The elimination of standacd cylinders did not make the assess-

&

2

20

AGE atl TEST 1Day 1

FIG. V —~Apc-sirengh eclubimasicp,
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TABLE 6—Comporison o/ 10p aud botcom inseris in the some

Concrete plocemens.

< Calculated
1 Mean Standarg Minimum
- Number of Streagth. Deviation, Strength,
Lbcation®,  Inseris MpPa* MPa MPa*
T 6 22.6 1.2 20.3
B 8 2.8 1.3 21.5
T 5 22.9 1.0 20.9
B 9 27.6 2.1 4.1
T s 21.2 3.2 14.9
B 3 213 20 16.2
T 8 23, 1.3 20.8
B 9 2.9 1.2 20.9
T 10 29.5 25 5.3
B 10 2.7 2.2 26.0
T 9 25.1 1.0 23.4
B 10 28.8 2.2 25,2

*T is inserts in the top of slab and 8 is inseris in the bottom of siab,

(

Pt 3

_ Ompressive strength ralues obtained from correlation Curve.
) H

Thein-place tests also conlirmed a satisfactaory strength pain with
8¢ and demonstrated that in-place tests at later ages can be ygeq
for the assessment of the Acceptability of 2 concrea structureas wejj
as early in-place strength tests, and both €an be used together or
separately instead of standarg cylinder tests.

Cylinder test data a¢ 4gesup.to 91 days confirm that strength ag
later ages can be accurately predicted by tests at early ages, The
data also show that pullout inserls can be used either in the bottom
or the top of a slab and thay both procedures have about the same
variability although the strength.in the top of a stab is about 6.9 less
than that of the bottom of 2 stap. ;
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