Test cores

The fundarmental purpose of measuring the strength of concrete test specimens
is to estimate the strength of concrete in the actual structure. The emphasis is
on the word ‘estimate’, and indeed i is not possible to obiain more thap an
indication of the strength of concrete in a structure because this 15 dependent,
inter alia, on the adequacy of compaction and on curing. As shown earlier in
this chapter, the strength of a test specimen depends on its shape, proportions,
and size, 5o that a test resull does not give the value of the intrinsic strength of
the concrete. MNevertheless if, of two sets of similar specimens made from two
concretes, one sef is stronger (at a statistically significant level), it is reasonable
to conclude that the concrete represented by this specimen is stronger, oo, There
exist some methods of determining the strength of concrete in situ, but the
limitations on the interpretation of test results must be remembered.

Il the strength of standard compression test specimens is found to be below
the specified valee, then either the concrete in the actual structure has oo low
a strength as well, or else the specimens are not truly representative of the congrete
in the structure. This latter suggestion is often put forward in disputes on the
acceptance, or otherwise, of a suspect part of the structure: the test specimens
may have been disturbed while setting, they may have been exposed to frost
hefore they hardened sufficiently or have otherwise been improperly cured, or
simply the results of the compression test are doubied.

The arpument is often resolved by testing a core of concrete taken from the
suspect member. If it is intended to determine the potential strength of the concrete
mix used, corrections for the actual conditions have to be applied. Cores can
also be cut in order fo determing the actual strength of concrete in the structure.
The distinction betwesn the two purposes must be clearly borne in mind when
the test results are being evaluated. The selection of the location of cores also
depends on the purpose of testing. This may be: to estimate the strength of a
critical part of a structure, or of a part suspected of having been damaged, for
cxample, by frost; or alternatively, to estimate & representative value for the entire
structure, i which case a random selection of locations is appropriate,

Cores can also be used to detect segregation of honeveombing or to check
the bond at eonstruction joints ar to verify the thickness of pavement.

Cores are cut by means of a rotary cutting teol with digmond bits, In this
manner, a cylindrical specimen is obtained, sometimes contaimng embedded
fragments of reinforcement, and usually with end surfaces far from plane and
square. The core should be soaked im water, capped, and tested in compression
in a moist condition according to BS 1881 : Part 120 : 1933 or ASTM C 42.90,
but ACT 318-02'%1%% gpecifies a moisture condition corresponding to
the service environment. Japanese tests'®''" indicate that testing in a dry
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617 Festing of kardeaed comoeene

state yickds strength values 1ypically about 10 per cent higher than when the
cores are tested wet.

The influenee of the height/diameter ratio of the cylinder on the recorded
strength was considered on p. 391, 10 the strength of coses is 10 be related 1o the
strength of standard cylinders (height/diameter catio of 2} then, in the core, this
ratio should be near 2. When cubes are the standard 1est specimen, 1here is some

advantage in using cores with 2 height/diameter matio of | because cylinders
with this ratie have very nearly the same strength as cubzs. For values of the
ratio between | and 2, a correction factor has 1o be applicd. Meanznger et al.' >
found the factor to be the same for wel- and dry-tested cores. but lower
thian specified by ASTM C 4250 {see Table 12.1)

Cores with heighidiameter ratios lower than 1 give wnreliable resulis, and
RS G089 : 198 ] prescribes a minimum value of .95 prios to capping but, according
to BS 1%81: Past 120: 1983, the cap thickness must not exceed 10 mm at any
point. This limitation must be observed although in proctice, the length of the
core may be governed by the thickness of the concrete. Glueing cores which are
too shorl is possible %

Lise of small cores

Both British and ASTM Standards specify a minimum core diameter of 100 mm
{4 i) with the proviso that the core diameter be at least 3 times the maximum
size of aggregate; however, ASTM C 42-20 allows, as an absolute minimum, the
ratio of the two sizes 1o ba 2

Mevertheless, there exist circumstances where only very small cores can be
drilled, either because of the risk of structural damage or because of congeston
of the reinforcerment or Tor acsthetic reasons. In such cases, some standards allow
the use of 50 mm (2 in) diameter cores. Thess small cores may viclate the
requirement of a minimam ratio of core diameter 0 aggregate size, and the
drilling operation can affect the bond berween the aggregaie and the surrounding
hardened cerment paste.!?®® Tests' 27 have shown that, when the maximum
size of aggregate is 20 mm (2 in), 50 mm {2 in.) cores have a strength about 13
per cent lower than 100 mm (4 in) cores; other tests™ ' on concretes with
28-day cube strengths betwesn 20 and 60 MPa (or 3000 and 9000 psi) indicate
that the difference is between 3 and 6 per cent A good correlation between the
strength of 28 mm (1% in) diameter cores and the cube strength was obtained in
laboratory tests on concrete with a maximum size of aggregate of 30 and 25 mm
(1 and 1 ink**7® {see Fig. 12.22).

Owerall, in view of the numerows fetors mfleencing the strength of cores. as
compared with the relative wuniformity of cast standard compression fest
specimens, the effect of core size can be considered to be unimportant, However,
small cores have a higher variability than standard-size cones; tvpical values' 9
of the coefficient of variation are 7 o 10 per cent for 30 mm cores, and 3 to &
per cent Tor 150 mm corces. It follows that, for a given precision of the estimate
of strength, the required number of 50 mm cores is probably 3 times |arger
than the number judged adeguate for 100 mm (4 inf or 1530 mm (8 0 cores.
Likewise, when the core diameter is less than three times the maximum size of
aggregate, an increased number of cores has to be tested
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Fig. 1222 Relation between the sirength of 28 by 28 mm (13 by 15ind corea and 1hae
strangth of 150 mm (6 in.) cubaes; maximem aggregate size 2% and 30 mm 2™

Factors influencing sirength of cores

The strength of cores s generally lower than that of standard cylinders, partly
af n consequence of the drilling operation and partly becavse site curing is almaost
invariably inferior to curing prescribed for standard test specimens. However
areful the drilling, there 5 a high sk of slight damage, The ¢ffect appears to
ke greater in stronger conerete, and Malhotra'® ™" sugpests that the reduction
in stremgth can be as high as 15 per cent for 40 MPa (6000 psi) concrete, A
reduction of 5 to 7 per cent &5 considered reasonable by the Concrete Society, 519

There is, hawewer, a difficully i separating out the effect of drilling becauss
the curing history of cores is perfores different from the coring history of cast
fest specimens. The difficulty is exacerbated by the fact that the exact curing
hictary of a structurs is uspally difficult to determine so that the effes of curing
ot the strength of cores is uncertain, For structuses cered in accordance with
the recommended practice, Petersons'™* " found that the mtio of core strength
‘e standard cylinder strength (il the same age) is always bess than [, and decreases
with an increase in the concrete strength level Approsimate valscs of this eatio
ane: just under | when the cylinder strength s 20 M Ea (3800 psi) and 0,7 when il s
60 M Pa (W00 psi),

_Eﬂﬁuuc cores are oflen taken after the 28-day test eylinders have been tested,
C¥linders of an age comparable to the age of the cores may nol be available, but
I35 sometimes argued that cores taken from concrete many months ofd should
have g higlser strength thun @t 28 days. This appears not 1o be the case in practice
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Figp 1227 Dewelapment with tme of strength of concrete cares msde with Type | cement
enprasied as A parcentage of ZR-day sangth of standard cylinder (38 MPa
(E500 pui)h: (A) standard opinder; () well-cued siab, core wsed dry; [C)
weall-cirad slab, com tastad war {00 podily cured sab, core tested dry: (E] pourdy
cured slab, care tested wot' 19

(e Figs 12,23 and 1224), amd there 15 evidensce that in situ concrete often gains
fittle in strength after 28 days ' 229212209 Tagre on high strength concrete? s
show that, although the strength of cores increases with age, the core sirength,
even up 1o the age of 1 vear, remains lower than the strength of standard IH-aday
cylinders; this &5 shown in Table 12.3.

These resubts accord with Petersons” view! "% that, for average conditions,
the increase in strength over that at I8 days is 10 per cent at three months, and
15 per cent at the age of six montha, The effecr of age =, therefore, not ensy 0
deal with but, i the absence of definite moist curing, no increase in strength
should be expected with age and no age correction should be wsed o the
hlmrpr\:tul.i-e:ln ef the :I.r:nglh af n:\q;\r:i.':':"Im

The location in the strecture from which the core has been taken may affect
the strength of the core. I the core has been taken from concrete in tension, the
core siremgth may be low becawse of the presence of cracks:* *'"™ thus, a false
picture of the strength of the concrete in the struciure can be ohrained,

The position of the core with respect o the beight of the lift may also be of
relevance. Cores wsually have the Powest strength near the wop sorface of the
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Fiy, 12,24 Devalopmant with tme of sirenqich of concrete coes made with Type U cement
maprasssd &35 8 p e of ZH-day il of standard cylindar (28 MPa (5500
mail b {A) standard cyfimdar; (8) well-cured slab, core desaed dry; (O well-cured
slab, core tesied wet: (D) peody cursd alab, core teeted dry, |E)] poosly cumd slak,
cong tasted weat! 15

Table 12.3 Deovelopment of the Strengeh af Cores® with
Ags (Bassd an el 12.113]

Agrer, Stravntd. MFa Cove strangth a5 8 propariion
daps e e (O SRR OF 25 O SRR
Stendard  Cores  opbncers
Cplitadars
T GE0 575 72
28 Ao E4.B L]
A a0 61.2 L]
180 ara 708 Ll
365 103 754 0.8

" Coams taken o columns cured vsing a sealing compound.

dtracturg, be it a column, a wall, 8 beam, or even a slab. With an increase in
depth below the top surface, the strength of cores increases,' 7 bug al depths
EBreader than about 300 mm there is o ferther increase. The difference can be as
high as 10 or even 20 per cent. In the case of slabs, poor curing increases this
difference. Compressive and tensile strengths are affected to the same degree, 1210
This patiern of sirength s, however, not universal, some tests indicating no
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significant variation in core strength with height. ** 22 Itis likely that the variation
in strength with height s the consequence of trapped bleed water, coupled with
a wartition in compaction: when these factors are absent, there is no variation
an strength with heighe

The presence of trapped Bleed witer may also be responsible, in part, for the
reported influence of the orfentation of the core (vertical or horizonial) on bs
strength. Cores drilled horizontally were found to have a strength lower by,
rypacally, B per cent,'* %% This effect iz similar 1o the effect of bleed water on the
steength of cubes {see po 38H).

The conversion expressions of BS 1880 Part 120: 1983 distinguish between
cores drilled horizontally and those drilled vertically, the ratio of the sirength of
thee former 1o the laner Being 092 However, if there s no trapped bleed warer
in the concrets, the correction for horizontally-drilied cores may not be valid, It
15 also possibde that dificulties in horzontal drilling contribute to the lower
strength of such cores.

Brtish Standard BS 1881 : Part 120: 1983 gives also correction [actors which
allow for the weakening effect of transverse reinforcement in the core. Although
some cffect of embedded steel on strength could be expected. the information on
this is contradictory, Beviews by Malhotra!>* and by Loo e of.’*'%? report
some tests showing no reduction in strength, and other tests where the reduction
ramged betwsen 8 and 18 per cent; the reduction seems to be higher when the
height/diameter ratio of the core is 2 than at bower values of this ratie. ' ®** The
Concrete Society”* '™ also reports a reduction in strength as a function of the
position of the steel: the effect is greater the Turther the steel 15 from the end of
the: core,

The tests of Loo e o, 1213 confirmed that embedded transverse reinforcement
reduces the strength of cores with a heipht/diameter ratio of 2, but the effiect
decresses at low vaiues of the height/diameter ratio; at a height/dinmeter ratio
of 1, embedded steel has no effect on the measured strength, regardless of the
position of the steel in the core. Thig effect is linked 1o the stress distribution in
cylimders with various values of the height/diameter ratio (see p. 5920 When this
ratio is 1, or in a cube, there 5 no lateral tensle siress in the specimen, and the
atesl is well able to resist vertical compression.

In view of the various factors imvolved and of the conflicting data, no reliabiz
factor which allows for the presence of transverss steel can be acceplad, The best
solution, if possible, is to take cores from a location such that they contain no
reinforcement, nol enly because il complicates the strength assessment, but more
importantly, becawse cutling reinforcement may have highly wndesicable
struciural consequences. In any case, the presence of steel parallel to the axis of
the core is unacceptable.

Felation of core strength to streagth in sitn

It shoukd be emphasized that the core atrengths, whea converted o the strength
of cylinders of standard size or 1o cube strengths, represent, ot best, the strength
al im situ concrete. They ane not 1o be egueted with the strength of srowdard test
specimens, which is the potential strength of the given concrete (sce po SH2)
Indeed, from the preceding review of the vanons [actors influenang the strength
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Cast-in-place cylinder test 617

of cores, it is apparent that it is not easy to interpret the strength of cores in
celation to a specified 28-day strength. Various reports'***! 1% suggest that,
even under excellent conditions of placing and curing, the strength of cores is
anlikely to exceed 70 to 85 per cent of the strength of standard test
specimens. This view is supported by ACT 318-02'2"* which considers that
concrete in the part represented by a core test is adequate if the average strength
of 3 cores is equal to at least 85 per cent of the specified strength and if no single
core has a strength lower than 75 per cent of the specified value; no age
allowance is made. It should be noted that, according to ACI 318-95, cores
are tested in a dry state if the structure is dry in service, which should lead to a
higher strength than when tested to ASTM or British Standards (see p. 600). Thus,
the requirements given above are fairly liberal.

It is useful to note that the ‘85 per cent allowance’ is applied also to shotcrete
according to ACI 506.2-90.'*'3* However, since shotcrete is accepted on the

basis of core strength, and not of moulded specimens, there is no logical reason

for this ‘allowance’.!***!

In some cases, beam specimens can be sawn from road or airfield pavements,
using a diamond or silicon carbide saw. Such specimens are tested in flexure in
accordance with ASTM C 42-90 but, at least when siliceous aggregate is used,
sawn specimens give appreciably lower strengths than comparable moulded
beams.'>?3 Cutting of beams is not much used and the means of obviating their
use was discussed on p. 597.
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