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TECHNICAL NOTE 382

LOK-test and CAPO-test development and
their applications

C. G. PETERSEN, Mse+

Two pull-ou s¥stems for testing the in sy compressive sirength of canerele are presenied,
LOK tes1 and CAPO test. With the LOK test, 25 mmy of the conerere tusually the surfuce
layer) is tested by pulling 4 pre-embedded dise towards a counlerpressure ring pliced on the
testing surfuce, With the CAPO test the concrers s tested at rundom op the spme _,_.5...:,_1.
bui by drilling und expanding u special inserq jn the concrete which js then pulled out, In this
configurution, failure of (he concrete is due 1o compression, und hence the pulling force is ¢
direet mensure of the compressive steength. Calibratinn ¢y from 19 mijor projects in
Denmark, Sweden, Norway, the Netherlands, the USA und Cannda are presented, toralling
4774 pull-outs ung 4202 compression tests leylinder and cube), Bygeqd o1 expericnce 5o fur.
general relationships for cylinder sirength and cube strengih are recommended for normal
conerete with maximum 4Bgregule size nol greater thun 38 mm. Variation in the pull-out
lests is shown 1o he of 1he sume order as for the standyrd cylinder ar the Slandnrd cube,

LOK test

The patented LOK-test sysiem, developed in Denmark in the past ten years,
consists of diflereny types of insert being cast into the concrete, portable pulling
equipment operated by hand. und a statistical system for evaluating in situ con-

.erete quality.

2. The pull-out insert is a 25 mm dia, special steel disc held 25 mm from the
lesting surface by a removahle shaft, which may be attached tq (he formwork using
& circular hardboard plate nailed into place, or through the formwark using an
adjustable serew (Fig. I(a)). It can also be placed in unformed surfaces of concrete
using # Aotation Cup or u steel plate,

3. During testing, all parts of the insert except the disc ure removed (Fig. 1(b)).
A special pullbolt js threaded into the dise and attached to the lesting instrument,
4 hand-powered hydraulic preciston pulling machine, which has a1 55 mm dia.
counterpressure ring placed centrally on the lesting surface (Fig. 1{c)). Pulling force
is applied by turning the instrumen handie. The equipment dutomatically ensures
correcl centring and constant correct loading perpendicular 1o the testing surface.
A small trunented cone between the dise and (he counterpressure ring iy released
and compressed, and the pulling force is recorded. Load iy applied 1o g requirecl
proof loud and (hen released, in which cuse there is no damage 1o (he concrele
surface aq gj). Alternatively, load may be applied until compressive failure of the
concreie and, if released immediately afllerwards, only slight damage occurs to (he
concrele (Fig, 1(d), All that shows on the surlace, if anything, is a slight!y raisec
ring the size of the counterpressure ring. The instrument and (he pulling boh are
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P 1 LGN -test sequence for early form stripping

dismantled. and the stem (the remaovable shalt) is reinserted in the disc leaving the
surfice almost untouched. .

4. Lach test takes approximately two minutes and it is recommended thut a
minimum of six inserts be placed in cach structural element to be _nzn@. g..a:
inserts per 100 m* of concrete placed are recommended in slabs for early stripping
PUrposes, L

5. Resuhisare averaged. and the standard deviation n:.o:::n.a. The charucter-
nlic pull-omt strength of the clement is n___n.:_m._nm_ by deducting the stundard
deviation multiplicd by a constunt (which varies with the number of tests made)
from the mean value. This strength, the characteristic LOK strength, is used to
eviluite whether in situ specilications have been met. )

6. Precompression of the conerele due (o dircel _si.__. OF i & result of presiress,
has been shown to hive no elicet on the LOK strength. Experimentally (he _..O.z
strength i kN pulling foree has been correluted to _,mc % M0 mm standard cylin-
deror 1302 150 5 150 mm standard cube strength.? '
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ﬂ. ) LOK TEST AND ¢ st

1. Theoweticully the conversion cquation has been substantized by Coulomhs

criterion for sliding failure'® and by a finite element analysis of (he failure.*" Both

analyses conclude that the LOK -test failure is caused by crushing of the conerete

released during pull-out between the cast-in disc and the Launterpressure ring, and

hence the pulling force, the LOK strength. is u direct measure of (e compressive
strength,

Correlation data, LOK strength to cylinder strength

8. Most of the calibrations in Denmark from 1970 10 1977 were made in the
strength runge 2060 MPa, Parameters considereel were curing conditions, time of
curing, water/cement ratio. air content. type of cement. shape. 1ype and maximum
size of aggregates (8 mm. 16 mm and 32 mm). Compared with 150 = 300 nym
cylinder strength no significunt difference between the four magor calibrations wis
found. The conversion equation was

L=08xf 450 1

v

with the LOK strength L in kN ind the cylinder strength /o in MPa. The e ation
is based on 1716 LOK 1ests and 1066 cylinders. The cocMicients of eorrelation for
the four calibrations ranged between 0-95 and 095 and the stundard deviations
between 19 MPa and 35 MPa, depending on the strength level and the 1ype ol
culibration procedure used. A summary is given in refl. 15, Later investigations”
have shown the LOK test 10 hive an in-test variation of the order |-0 MPa for
normal concrele ut normal testing levels. when care is taken in the kiboratary 1n
make as uniform a compacted concrgle as possible. while the standard devition ol
well controlled in situ concrete is gbout 28 MPa for 1.OK tests made a1 the sime
horizontal level of a structural element.

9. Canadian® as well as Duich investigations'*** conclude that (he |.OK -test
in-test variation is of the sume order as the standard cylinder or cube jest Danish
investigations ™ ynd testing practice support these indings if LOK feais are made
on the specimens used for Jater reference compression tests. that is in the bottom of
a standard 150 x 300 mm cylinder or on onc of the vertical faces of a 150 mm
cube. If LOK tests are performed on separate specimens. e 200 mm cubes,
Danish and Swedish experience shows a higher variation in the LOK test com-
pared with cylinders or cubes---ulmos double.''"'* This ix probably ciused by
different compaction of (he part of the specimen where the LOK (est js pulled om
compared with the reference compression specimen,

10.  Equation (1} is used today hy Danish Siate Railways and the National
Road Depuriment of Denmark. and is regarded s the reference ealibration.
According to the Danish code of pricice at least 90*. of the specified chy racter
istic cylinder strength has to be met if the structure is tested in situ with the 1.OK
test. In this case a special cquation beiween characteristic strengih vabues s
used.?!-2?

1. Atthough the original main purpose of the LOK test i Denmirk wis 1o
test the quality of the finished concrete structure inthe eritica) 25 mm layer of the
surface cover, another major interest in the late 19708 was in stripping formwork
carly or in loading structural elements as carly as possible. This interesi wis
especially pronounced in North Americu, where the ILOK 1est Wi intiowluced in
1976. Since most of the Danish calibrations were made ahove 20 M Pa, and the
need was to correlate LOK strength 1o cylinder strength below (his level o new
series of calibrations was made, both in North Amerien and in Denmark. Recently.
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Fiy. 2. Correlations hetween LOK strength and 150 x 300 imm standard cplinder
.f._:..EE_:_ (numhers refer to references)

special high-strength concretes attracted interest. and additional calibrations in
the very high-strength area have been carried out in the USA us well as in

Denmark. ) : o " i
12, Figure 2 summuarizes the (welve major calibrations made in the period

19701983, The o1al number of LOK (ests was 2701 and the number of eylinders

- o
69 == =106 mm a

=~==32 mm 47

LOX slcength. L kN

1 1 J
40 (9] 0
Cyhnder sirangin, 1, MPa

Fig. S Recommoended calibration LOK Strength 1o 150 % 300 mm standard eylinder
:__“E_._::. upper und fower 95% confidence limits relared 1o an average of four LOK

. . . o
texts and twa cylinders for 16 nmm and 32 mm maximum agegregate size
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LOK FESTAND ¢ )4y 8

1941, Coeflicients of correhition are hepween 095 and )98, Standiird devitions

ritnge from |5

MPa 1o 3-8 MPy, Bused on the present amount of gy |, hnenr

relationship in the strength range 3 25 MPy s recommended ;

L=096 1 4 10 (2

with the LOK strength L oin kKN and (he cxlinder strength £, in Mpy, while the

conversion equation 1} s confirmed for strengths between 25 M p

and 75 M Py as

measured on standard cylinders.

I3 Figure Y illustrutes the recommended o VEHEe CONVErsion equations (1) and
(21 together with the 95 conlidence limits refated 10 an average of foar LOK esis
und of two cylinders for muximum aggregate sizes 16 mm und 2 mm* Conlidence
limits are based on 490 LOK tests und 251 evlinders with LOK tests made on the
vertical faces of 200 mm cubes. twa in cach, As stated in S8 Y this King of
culibration procedure maximizes deviations between LOK tests as well between
the LOK test und cylinders due 10 dilferent compiction of the tested cancrere, e
confidence limis may therefore be reparded g3 conservative,

Correlation data, LOK strength 1o cube strength
14. Compurisons between LOK strength aned 150 mm cube Campressive

strength have been made in seven iy

jor culibrations. three in Sweden, three inthe

Netherlands and one in Norway. Correlations are ilMlustrated in Fig 41y 100]

there were 2073

LOK tests and 226 cube tests. Coefficients of correlation ranped

from 095 10 (99 and standard deviations from 15 M Pa o 33 M Py,

15 As noted from Fig. 4, the firs( s

cantly from the
strength levels.
mm cubes, alsn

made on specimens with a minimum 100 mm distince belween 1he inge;

calibrations'® "' i, signifi-

last calibrution. The deviation is especiully pronounced ; higher
LOK inserts in calibration 14 were placed and pulled oy of 150
at high strength levels. while the firsy Six were basel op pull-puiy
nd the

edge of the specimen il tested at highey strength levels,

LOK strengin, ;  kpy

60—

1 |
] e a0 (Y [LT}}
Cube shengin £, smpy,

Fig. 4. ¢ “urrelutiong hetween [LOK Strength and 1560 « 150 {50 M standard ey
Strewgh (momhers refer 1o references)
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Fig., 3. Reduction in 1LOK strength due 1o radial cracking i’ putled oy ol 150 num
s pared wich 2000 mn cuhes for different sizes of maxinmam agyregate as o
finction of st rength: each measiremeny iy hased on an average of three LOK 10515 on
eacli ype of specimen

16. From Danish calibrations it has been known for many years that severe
radial cracking occurs during pull-out. This increases with the maximum size of
agpregates 10 be used, (he greater the strength level 1o be tested and (he less the
the edge. Thig phenomenon happens during al
pull-outs, but usually the cracking is not visjhle, 2" This is the reason all Danish
citlibrations. as well us the North American calibrations in the higher-strengihy
arei. have always been bused on pull-outs made on 200 mm cubes placed centrally
on the vertical fuces. Smaller specimens will more easily severely crack radially
during pull-out, giving lower pull-out forces than if no cracks have been observed
alter pull-outs made on larger specimens,

17. Te investigate the influence of this ‘edge™-efect on pull-out forees,
number of 200 mm cubes and 150 mm cylinders were cast a the Institute of
Technology in Denmark. 1.OK inserts were placed centrally in the bottom of the
steel Torms and care wax taken 1o ensure uniform compaction of the concreie
ne cisting. as well ay equal Mitturity of the concrere at the lime of testing,
Fhree dillerent maximum aggregate sizes Were used. B mm. 18 mm and 38 mm, and
three diflerent strength levels were applied. The results are Summarized in Fig, 5,

I8, Althaugh the amount of dary is limited, there js a significani trend lowards
the LOK strength being lower if pulled out of 150 mm specimens compared with
200 mm, when maximum ABETCUIL Size is 18 mm or above and concrete strength
is higher than 90 M P I the dia for calibration 18 “ig. d) are corrected accord-
_.i_.,.,... there is ne significan) deviation beiween the seven LOK-strength/cube-
strength correlations as illusirated in Fig. 6.

19 Mowever. it will be noticed that there is 4 tendency towards slightly more
conservative correlations i the Netherlands (correlations 13 and 14) thun in
Sweden feorrelations 12, 18 und 19). This difference js probably caused by cube-
test-machine deviations and:or different procedures for cube manufacturing.
Despite the differences, the maximum devigtjon from the meun culibration iljug.
trated in Fig. 7 is less thun v, A similar deviation js found for LOK-strength-
cylinder-strength calibrutions (Fig. 2),

T The recommended meun conversion equation iy

L=075x 7 4 20 (3
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Fig. 6. Correluriony hetween LOK strength amd 150 mm crhe Steengih Aeatibrggion
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Fiy, 7, Recommended calibration (.0 K Srength ve 150 wun stendard vihe Mrengh
upper amd lower ysm, cnfidence limirs refated 1o gy average of three 1LOK o, aml
three :;:......?__. 16 mm and 38 mm meximum ageregate size'®

with the LOK strength Loin kN and the 130 mm cuhe Strength £7in MPaif cype

Srength is measured i Ibf.in the conversion Cquation based on the presen daty
is

L=0005172 . Iia 22 14
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).OK-test applications (

21, Wih the LOK 1est all factors influencing in-place concrete strength yre
tuken into account, such as the quality of the concrete as delivered 1o a site, the
compiction of the conerete placed, (he ambient temperature. the hegt of hydration
and the curing conditions.

22, A wide range of structures in North America have been and are being form
stripped early. using specially designed early high-strength mixeg lested reliably
and accurately in situ with the LOK test. Typicul high-rise struclures, cooling
towers. slabs being post-tensioned and various kinds of bridges being carly loaded,
are tested. The sysiem is the ASTM C-900 standurd today.

23 In Denmark and Sweden the LOK test is used for control testing of struc-
tures equivalent 1o drilled cores and for carly siripping as well, Concrete structures
and frinmes for housing, fuctories, energy plants, heat Iransmission systems and
highway bridges are being tested, The codes in both countrics are encouruging
in-place testing of the finished product, and major authorities recommend or
demand the LOK testin the specifications,

24, Testing cases are referred o indetail in refs 23- 28,

CAPO test

250 For test lacations in newly-cast hardened cancrete or for testing dubipus
or damaged conerele structures with pull-outs before repair, a new pull-out tesy
wits developed in Denmark in the late 1970s. This patented cut and pull-out (eg
ICAPO testis similar 1o the LOK test except thut the insert js drilled and expand-
cd wherever required in sity into the hardened concrele,

26, The testing procedure is illustrated in “ig. 8. The first reinforcement is
Nocated with a covermeler or i simple metal detector and the testing surfuce is. if

necessary. ground smooth and At with i heavy grinder in » 100 % 100 mm arey. A
hole is et perpendicular 1o the surface with a special 100 18 mm in diamerer. 1o il
depth of SO mm at least 20 mm from reinforcement position. and alterwards
undercut with a4 diamond miller 1o a4 25 mm hole positioned 25 mm from the
concrele surfuce. to a depth of 10 mm. Fig. 8ta) illustrates the hole af (hi stage,

27 An expandable inser( js pliced in the hole and iy expanded with a speciyl
expansion unit (Fig, 8tb)). The unit and the insert are altached to a pulibolr, which
is coupled o a LOK-test instrument with a 55 mm counterpressure ring placed on
the testing surface and loaded as with the LOK tes| (Fig. 8(c}). The CAPO strength
is recorded as the maximum reading during pull-ouy. Which in this ease js always
continued 10 past Tuilure until the cone of conerete js remaved (Fig. 8(d)). This
allows the conerete cone (o he inspecied and analysed, and the expandable inser
mechunism to be reused. The cone hole may have to be repaired afterwards,

28 The test takes approximately ten minutes for trained personne lamiliar
with diamond cutting and testing of in situ concrete, The portable equipment, al|
keptin twosorall suiicayes, mikes it possible to carry out a large number of CAPO
tests wherever required on the structure.

Carrelation data

20 10 1979 the Technical U niversity of Denmaurk conducted i research project
o evaluate the reliability and 1he reproducibiility of the CAPO test relative 1o
standard evlinder strength and 1o the LOK-test, The praject and the results have
been published.' '3 poey vpes of conerete were investigated: normal concrele

with ordimry aggrepnies |8 mm., 16 mm oand 32 mm makimum agprepale size),
A

Sin

LOK TEST AND ¢ vD TEST

(c) Icl)

Fig. N, CaPO-jen sequence for testing hardened conerele

Bunite concrete, vacuum concrele and lightweight concrete. Only the data for (he
normal type concrete wil| be covered here,

30. Thirty mixes were made. Paramelers considered were: water/cemen ritio,
source of apgregute and type of cement. size of uggregates up to 32 mm, curing
conditions, age of the concrete and air conten, Strength ranged from 4 M p, 75
MPy as measured on standard cylinders,

3. Within each mix a number of cylinders and a similar n umber of 200 mm
cubes were cast. The numbers depended on the lypes of parameter :.éa:.%:ﬁ.r
but typically were sig or cight. LOK inserls were cast in cach cube, apd were
pluced centrally on two opposite vertical fuces. Cylinders and cubies were cured
under the sume conditions, and at the (ime of testing the cylinders were crusheq iy
compression und the cubes lested with LOK tests ane two CAPO tests curried oy
on the remaining two vertical faces of the 200 mm cybes,

32 In total there were 116 cylinder tests, 216 LOK wests and 219 CAPQ tests,
In Fip. 9 averige values of (wo eylinders and of two cubes tested with LOK ang
CAPQ tesis are reproduced,

547




C

w {
« g i am
SO Ma
iz Z L o @™ 16mm
= m.. 4 Oy = 32 mm
= @
€ e
s 3 20

Cylinder strangth, _.n“ MPa
1o}

Cvinda sirengih, | MPa
1
Fra. 2. Pulling force relared to 150 x 3000 mm stendard  cylinder  strength:**
1) LOK strengih : thy CAPO strength

13 The coefMcients of variation within each mix were calculated on average to
be 3-7"u Tor eylinders, 7-2% for LOK tests and 7-1" for CAPQ tests. The coefli-
cients of correliation Tor strengths above 20 MPa were 0495 for the LOK test and
N3 Tor the CAPO test compared with cylinder strength. Calibrations were not
significantly different from eurlier findings as summarized in Figs 2 and 3 for the
LOK or the CAPO 1est.

M. 1eis concluded that the CAPO strength correlates with cylinder compres-
sive strength in a similar way 1o the LOK test, and that the accuracy of the LOK
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the same conclusion comparing the LOK test agninst 150 mm cube strength with
the CAPO test against 150 mm cube strength. Identical calibrutions were found.

CAPO-test applications

35 The CAPO test has been aceepted in Denmark as equivalent to the LOK
test ind has been used on a number of projects. mainly for investigations ol critical
parts of dubious or damaged concrete structures such as deteriorated concrete.
firc-damiged conerete, a badly consolidated structural element or concrete with
low maturity being loaded enrly. Another major area for the CAPO test is the
testing of gunite concrele and vacuum concrete. The CAPO test is increasingly
also being used as o supplement to LOK test for control purposes and for per-
meuhility testing of the surface layer in a depth up to 60 mm. in which case some
extrit equipment for compression of carbon-dioxide on the concrete surface s
needed. g
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