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ABSTRACT

A survey of the different pullout systems
developed for controlling concrete strength
with an examination of stress- and strain-
distribution inside the concrete at peak load
by the Scandinavian pullout testing system.
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1. INTRODUCTION

Concrete pullout tests are considered non-destructive. The part
of the concrete structure damaged by the test is normally so
small that it can be easily repaired. Furthermore, in many cases,
it is not necessary to continue the test to final rupture. Test-
ing can be terminated when the required strength level has been
reached in the concrete in which case the test is fully non-
destructive. Even in cases where inserts are loaded to failure
they can generally be left in place and no sensible damage occurs
to the structure.

Different pullout, pulloff or break-off systems have been devel-
oped over the years for determining concrete strength. In most
cases these methods have not been scientifically developed and
did not therefore produce a reliable correlation to the material
property of primary interest to the building industry: the con-
crete compressive strength.

2. DEVELOPMENT
2.1 Russian Pullout Tests

During the years 1934-1938 intensive research was going on in the
Soviet Union with the aim of determining the strength of concrete
in completed structures. Several different systems were suggested,
the simplest and most promising method, it now appears, being the
pullout test system suggested by I. V. Volf, Charckov, and (al-
most simultameously) by O. A. Gershberg, Moscow, as described in
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1938 by B. G. Skramtajev, /1/.

This method consists of embedding a specially shaped steel rod
with a spherically thickened end into the concrete during cast-
ing, see Fig. 1. The steel rod has a diameter of 8 mm and the
spherical end - 12 mm, the centre of the sphere being placed

44 mm below the concrete surface so that full length of the rod
in the concrete is about 50 mm.

Fig. 1 Specially shaped steel rods with spherically thickened
ends for the Russian pullout testing system (Volf and
Gershberg, 1934/38).

Testing for concrete strength is carried out by pulling out the
rod in its longitudinal direction vertically to the concrete
surface by means of a special dynamometer placed on the concrete
surface. In this way a cone of concrete is pulled out with the
rod, . the top of the cone laying nearly in the centre of the
sphere and with generating lines starting at an angle of approxi-
mately 45 degrees to the axis of the bolt, but running out near
the concrete surface to a maximum diameter of about 10-12 cm,

see Fig. 2 and 3.

Volf carried out series of experiments to determine the relation
between the concrete cube strength R and the maximum load at
rupture P (the pulling effort). In mwww such calibrations had
only been carried out with very low strength conctrete (R_ from
1.5 to 10.8 MPa). These tests showed a simple HHdmmm corfelation
between P (in kg) and wo (in kg per sg.cm): K = = 9.5.

c
Experiments with higher strength concrete would have shown
wheather the coefficient K remains a constant or varies with
the strength of the concrete. Such test results have, as far as
is known, not been published. From the principle of this test’
system and from the shape of the rupture cone as shown “in Fig. 3,
it seems clear that the pullout force P in these tests must
have been more directly related to the concrete temnsile strength
than to the compressive strength. With this test system the co-
efficient K will decrease drastically with increasing concrete
compressive strength. It is not likely that it would be possible

with normal types of concrete (compressive strength 9 between
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Fig. i
1g. 2 Special dynamometer for pullout tests according to Fig

Fig. 3 Steel rod and -concrete c¢

to Fig. 1 and 2. one from pullout test according

20 mmm 50 MPa f.inst.)
confidence the compress
type of pullout tests.

to predict indirectl i
Yy with any reasonabl
ive strength of the material from this ¢

2.2 Pulloff Test By Glueing

so i i .

omMM MMFMMM wwwmwﬁmmmrmpmmmﬂmsﬂ types of two-component epoxy glue

Cetinte f Rrks m. hese are very efficient cold setting organic

it ixing Emﬁmw components directly to a concrete

i mxommm nnm.# m.maﬁmmwos properties of this glue or cement

a5 ensile strength of even the strongest type of
cement concrete. At several laboratories, all OWmH the

world, different test
i systems were suggested and trieg out on

1s



- 158 -

A disc or stiff plate was glued onto the concrete surface and
pulled or broken off later, when the glue had set.

Such tests have been mentioned sporadically in the HwﬁmHmncﬂm.
from time to time since then. It seems that there is ozww.wpapﬁm&
interest in this testing principle today because of ﬂsw rw@ﬁ.momﬁ:
ter in the test results obtained and the poor correlation which

is always found in such tests between the pulloff load and the
concrete compressive strength, see Fig. 4. (The Hmmcwnm are no
doubt more directly correlated to the concrete tensile strength).

3 POST WORLD WAR II DEVELOPMENT

In the 60's and 70's renewed interest in pullout testing was
created by the works of Kaindl, Kierkegaard-Hansen, Malhotra,
Richards, and Tremper.

Bl Pullout Testing With Steel Disc

During the years 1960-70 P. Kierkegaard-Hansen AomwSmev devel-
oped the so-called LOK-TEST method, a pullout testing system

giving a reliable in-situ determination of the concrete compres-
sive strength.

Ogiee . MPa

days in air

1 [E1] 131

50 60 70

Ocype » MPa 10

Fig. 4 Results from pulloff tests by glueing. (Efsen and
Krenchel, 1953/54).

- 159 -

This test system has some resemblance with the old Russian method
by Volf and Gershberg, but it is of a better design giving no
premature failure inside the concrete at the head of the pullout
bolt and, further, what is a significant improvement, the top
angle of the rupture cone has been chosen so that a direct linear
relationship is obtained with close correlation between the pull-
out force and the concrete compressive strength.

With this system a thick 25 mm circular steel disc (1) is fixed
by a special ‘bolt (2) and screw (3) on the inside of the form
before casting the concrete. The bolt or stem holds the disc at
a distance of 25 mm from the inside of the form with its axis
perpendicular to the concrete surface, see Fig. 5.

Just before stripping the form the screw (3) is loosened so that
disc and bolt stays inside the concrete.

On the day of testing the bolt (2) is replaced by a 7.5 mm bolt
of high-tensile steel and a small 7 tons capacity hydraulic jack
is placed on the concrete surface and connected to the tensile
bolt. The jack rests on the concrete surface and applies force
through a counter-pressure ring. The inside diameter of this
ring and the outside diameter of the steel disc determine the
geometry of the final pullout cone.

When Kierkegaard-Hansen carried out his first tests according to
this system some twentyfive years ago, the inside diameter of
the counter-pressure ring in his first test set-up was substan-
tially bigger than today (130 mm instead of 55 mm). The calibra-

Fig. 5 Pullout disc and bolt fixed on inside of form before
casting the concrete.
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Counter-pressure
ring

Pullout cone

~620° i
a~62 Fig. 7 Hole and groove drilled out for the so-called CAPO-TEST
: pullout system. (Dimensions in mm) .,

Test-disc

bolt. A pullout test is then made in the same way with the same

System, the same geometry inside the concr i
; ete, and wit
top angle in the pullout cone. ' 7 the sane

3.3 i ; .
Fig. 6 Test set-up for the so-called LOK-TEST pullout system. Correlation With Compressive Strength
Di io i . i
(Dimensions in mm) In construction, the pProperty of concrete which is required to

. « be determi i . -
tion curve he then obtained between pullout force and concrete b pbmm in order to remove forms, post-tension,” remove
+ Or terminate curing is the oosmwmmmw<mmﬁwmsmnr0mw:m

asmwmww m:ozmaaowm o« HmmmmHHmOﬁ oonnmwmnwo: non:m dozmhmnm concrete. Since it is aniieresll :
tenstle strength as with the pulloff testing systems mentioned Strength of the concrete Y accepted that the compressive
above. By m%mmemﬂ%omwww reducing the Hnmwmm diameter nm ﬁ:w cimens (cylinders or Cubes) it is nee 2
counter-pressure ring step by step keeping all other dimensions tive test system used to b essary for any non-destruc-
fixed he finally found that a direct correlation to the concrete specimens so that the wsmSmHoome+mﬁmmU£pﬁm the standard test

er obtaine Y the non-destructive

noswmwmmwcmmﬁﬂm:@w:wmovﬁwwsmmivm:wvmﬁovmanmOmﬁUm pull- test i :
out cone is about 629, see Fig. 6. ) il $ a measure of ﬁvm compressive strength of the concrete in

3,2 Further Development

A draw-back with the above system, is that it can only be used
where the special test discs have been cast into the concrete
beforehand. In order to be able to use the system after casting
the concrete, C. Germann Petersen (Denmark) seven years ago devel-
oped the so-called CAPO-TEST.

'

The principle here is that a hole 18 mm diameter and about 45 mm 10 5
deep is first drilled in the concrete perpendicularly to the sur- 114~bl
face. After this a groove is cut out in the concrete with a spe-

cial milling egipment. This groove has a diameter of 25 mm and \Aw
is 10 mm high. It is formed 25 mm below the concrete surface, "
see Fig. 7. ;

A special expanding steel disc with an outside diameter of 18 mm
is then placed on a bolt and put into the hole down to the level
of the groove. By turning the bolt with two wrenches (the bolt
consists of an inside and an outside part) the steel disc is
expanded, until it reaches the inside diameter of the groove, Fig. 8 Special expanding steel Fig. 9 Test t-

see Figures 8 and 9. Finally the pullout jack mentioned above disc for the CAPO-TEST ) the GMWOIMM b
is placed in top of the equipment and connected with the pull system. (Dimensions in mm) . ot ST
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The pullout system mentioned has been intensively examined since Table 1 CALIBRATION TESTS BASED
; ON 1 MPRE ;
then by several laboratories all over the world, /2/., /3/+ /4/+ ders 150 mm diameter x 300 Sawm mwO bommwmwﬁwmmew Mowwwbn
- , =
It is interest- CAPO-tests (Department of Structural msmwsmmnwmm ub
7

(with most relevant references from the period) .
ing to see what little influence the different parameters such ABK/DTH, 1979)

as type of cement, type of aggregate and curing conditions have

on the calibration curve, the spread in the test results, and the
coefficient of correlation. Series |Compressive tests LOK-tests CAPO-test
= s
For concrete with a compressive strength (determined on 150 x 300
mm test cylinders) from 15 MPa to 85 MPa (maximum capacity of the o 1 Vv n L v n
instrument) the calibration curve is linear and a coefficient of g g L L c Ve n,
correlation of between 0.90 and 0.95 is normally obtained. Even No. MPa % No. kN g No kN
major changes in the curing conditions have shown practically no 1 28.2 | 3.1 E % No.
influence on the position of the calibration curve. : 2 mm.m 2.4 M WM.M 5.4 8 29.1 | 6.4 6
) : . 8.3 8 30.0 | 7.9
The linear calibration curve in combination with the high coeffi~ M ww.m w.u 4 30.6 6.9 8 30.9 8.2 m
cient of correlation indicates that rupture at pull-out loading 5 Nm.m w.w 4 31.3 | 8.3 8 31.1 1107 8
in this test system is caused by the compression straining in the 6 Nm.A m.m 3 33.1 | 9.1 6 32.3 | 8.6 6
truncated area between the top face of the steel disc and the bot- 7 gp.u m.m 3 33.5 | 6.7 6 32,74 7.8 6
tom face of the counter-pressure ring. 8 42,6 w.m m ww.w 7.7 12 13.0 | 9.4 12
. t . 6.4 6 40.6
: 9 . 643
Oon the basis of, say, five tests carried out on a given sample of 10 MW.M W.M 6 39,2 § 6.7 6 39.7 | 4.6 M
concrete the compressive strength of the material is predicted 11 »».N N.q 6 38.8 3.2 6 39.8 3.4 6
with a maximum deviation of * 4 MPa (95% confidence limits). 1f 12 Nm.b m. 6 38.5 | 4.3 6 37.9 | 3.4 6
twenty tests are carried out on the same concrete the deviation 13 uq.b N.w m 22.7 783 12 21«1 6.1 12
will be only * 2 MPa. 12 301 56 . www mw M wmm 2.6 4
HE R IRER RN SR I el el i
3.4 Correlation Data 17 wm.d M.m w wm.w 9.2 4 31.9 | 6.1 4
# J . 1340 6 35.8 ;
; 18 . . 95
In 1979 large scale calibration tests were carried out at ﬁ:m. 19 ww M w.m 3 34.2 7.1 6 35:8 54 M
Technical University of Denmark (Department of Structural Engi- 2 ww.o w.a 5 26.9 | 8.5 12 26.9 | 8.5 12
neering) with both types of pullout methods in parallel /5/. 21 28.8| 4.5 M ww.m 5.6 | 12 29.1 [10:17] 12
N . ‘ . 14.9 8 25
. 22 : .8 [10.8
Thirty different test series were carried out with each of the . 23 WM.W w.m 4 22,7 [12.0 8 24.2 71 m
two test methods, the concrete compressive strength (cylinders: 24 m».q w.m 4 22.6 | 9.8 8 22.9 | 4.9 8
150 mm diameter x 300 mm) varying from 3.3 MPa to 74.0 MPa. The 25 Am.m u.A 6 21.8 | 6.0 12 21.2 (12.9 12
result of these calibration tests appears in Table 1, where O, 26 ww.w u.d 2 31.8 | 8.3 4 34.4 | 8.7 4
is the average compressive strength of the concrete, v, the 27 wq.; ».o 2 3«3 | 6:2 4 31.8 | 4.6 4
coefficient of variation and n; the number of compressive tests, 28 qp.o u.m 2 38.8 | 7.4 4 35.4 | 4.7 4
on which o_ and v,_ are determined. L is the average pullout # 29 76 3.8 9 61.6 | 6.7 | 24 60.6 | 5.7 | 24
load in each series 2f LOK-tests and C the average pullout locad 4 30 u.w N.m 6 8.66 |11.9 12 9.04 [13.4 12
from the CAPO-tests, v and n , again, being coefficient of va- : i 6 4.71 N6.6 12 3.44 |22.7 8
riation and number of tests in these figures, respectively. Mean | 3.9
° 8.1 7
+9

1 types of concrete (compressive
he coefficient of variation in the
in the LOK-tests be-

en 2.6 and 12.9%.

N . . .

ote: # This Qmﬁw not included in the weighted mean values
compressive strength range was below 15.0 MP *
Fig. 10 and 11). ’ @ (see

It will be seen that for norma
strength above, say, 10 MPa) t
compression tests was between 2.3 and 6.6%,
tween 1.6 and 14.9% and in the CAPO-tests betwe

ese tests are shown in the dia-
be seen that in both cases the
e strength above
fficient of correla-

The calibration curves from th

grams Fig. 10 and 11. It will
curves are linear from a concrete compressiv

15 MPa. It will further be seen that the coe
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tion in both cases was quite high Anx = 0.95) and that the re-
gression line is practically the sam&? for the two types of tests.
With L and C in kN and o in MPa the following results

were obtained: ¢
LOK-TEST: L = 4.7 + 0.768 9 (s = 3.60)
CAPO-TEST: C = 5.3 + 0.751 U (s = 3.47)

where s 1is standard deviation of the residual.

4 FRACTURE MECHANICS ANALYSIS

The extraordinary close correlation always obtained between the

concrete compressive strength and the ultimate load in the LOK-

and CAPO-TEST system has puzzled many researchers and put up the
following questions: What is the fracture mechanics in the con-

crete when this type of testing is carried out? What happens in-
side the concrete when the pullout peak load is reached?

These problems have been examined in different ways over the
years: by Jensen and Braestrup in 1976 (plasticity theory), /6/,
by Ottosen in 1981 (nonlinear finite element analysis), /7/ by
Stone and Carino in 1983 (large scale tests with embedded strain
gauges in the concrete), /8/, and by Krenchel and Shah in 1985
(analysis of progressive micro crack formation with simultaneous
examinationr. of acoustic emission activity), /9/.

Flox KN
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o
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fy 20.95
10 & — i
\mh.zw%\ | 4 ;:q”:m
20 30

0 10 40 50 60 70 80

Fig. 10 and 11 Calibration curves from LOK-TEST and CAPO-TEST
investigations carried out in 1979 (Technical
University of Denmark, Department of Structural
Engineering) .
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4. CONCLUSION

MmeMMMQHCmPOﬁ today from these theoretical and experimental exa-

- wmmn:m seems ﬁﬁ be, that the internal rupture during this type

B is a multi-stage process, where three different stages
ifferent fracture mechanisms can be clearly separated:

1. In the first stage, at a load level of about 30-4
ultimate load, tensile cracks are formed mdmhnw:mowwmm MWM
notch formed by the upper edge of the pullout disc. These
cracks are running out in the concrete with a very open angle
(cone angle between 100° and 135°). Total length of this e

first crack is typically some 15
the disc, /10/. Y to 20 mm from the edge of

As a result of this first stage cracking the material between
the top face of the pullout disc and the bottom face of the
oocswww.@ﬁmmmcﬁm ring is now free so that straining in the
material is now concentrated and all load is taken up in the
truncated zone between these two plane faces. ?

Hm wﬁm mwoo:m stage of internal rupture a multitude of
mmm le Svowoowmﬂxm are formed in the above-mentioned truncat-
ed zone, the main direction of these cracks running from top

of disc to bottom of ring f i i
it mbo\ ik g rforming a cone angle of approximate-

Fig. 12 Crack analysis of pullout test de-loaded from peak of

«omm\mwmwwmomSm:m curve. Tensile cracking stage No. 1
1s seen to the left and multi micro cracking stage 2

to the right. p
formed. g ullout crack stage 3 has not yet been
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The formation of this second cracking pattern is <mn<.acos
parallel to the formation of more and more vertical micro-
cracks inside a concrete cylinder or prism during ordinary
uniaxial compressive tests, /11/, /127,

Development of the acoustic emission activity &cw%n@ this
second stage of the test also follows an mxwosmdﬁwmw MCbnu
tion quite parallel to the AE-development in ordinary uni-
axial compressive tests, /9/.

If the pullout jack is specially equipped with transducers
for measuring load versus displacement during wvm test,
this second stage of internal microcrack formation could be
followed all the way up to and just past the peak of the
stress~-strain curve.

2. If more and more oil is pumped to the pullout jack, even
after the load has stabilized at the peak point, w:mv the
third stage of internal rupture occurs by ﬂdm.MOHSwﬁwo: of
a tensile/shear crack all the way round, running from the
outside edge of the disc to the inside edge of wsm.ooc:ﬁww
pressure ring and forming the final pullout cone with a cone
angle of about 62°, see Fig. 13.

i i j i - ivity to a
This is followed by a sharp jump in nﬂm AE-activity
level approximately twice as high as it was at njw peak of
the stress-strain curve. This very high AE-level is kept

=
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constant during the descending part of the stress-strain
curve where the concrete cone and the disc is now pulled out.

In most cases of practical testing with this system the oil
pressure in the pullout jack is released just after the peak
of the stress-strain curve when the load just starts descend-
ing, but before the last mentioned type of crack has been
developed. In this case the test is fully non-destructive.

As micro wnmostm stage No. two is responsible for and direct-
ly related to the ultimate load in this testing procedure it
seems quite logical that such close correlation with the con-
crete compressive strength is always obtained.

It would be interesting one day to measure the ultimate com-
pressive straining in the center-line of the truncated com-
pression zone (with a cone angle of 84°) and not in the shear
zone (cone angle 62°) where maximum compressive straining
does not occur in this testing system.

Presumably most confusion regarding the scientific level of
this testing system has been introduced by the name: Pullout
Testing. If this test is carried out correctly with de-load-
ing just after the peak load has been established, no pulling-
out occurs. This is a parallel to what happens during ordi-
nary compressive testing of concrete where the cube or cylin-
der can be taken out in one piece just after the peak load is

Compressive testing of concrete

Multi micro cracking
from compression
straining , stage 2

Tensile crack, Tensile/shear crack,
stage 1 stage 3

Fig. 14 Stress-strain curve from uniaxial compressive test on

Fig. 13 The three different stages of internal cracking in the plain concrete.

concrete during pull-out loading.
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passed. Total crushing of the concrete way down the descend-
ing branch of the stress-strain has nothing to do with the
internal fracture mechanism at the peak point, where the
compressive strength of the material is determined.
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