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A STUDY ON COMPRESSIVE STRENGTH TESTS OF CONCRETE USING
THE UNBONDED CAPPING SYSTEM

(Translation from Concrete Research and Technology, Vol. 9, No. 2, July 1998)
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A study is made with regard to adoption of an unbonded capping system using
steel caps and rubber pads to save time and labor in work to cap specimens for
compressive strength tests of concrete. Beginning with appropriate specifica~
tions for steel caps and rubber pads, methods of controlling rubber pads and
the applicable scope of unbonded capping are examined through experiments.
The experiments show that the results of compressive strength tests of concrete
using unbonded capping are equivalent to those with neat cement paste capping or
ground plane cylinder tops as specified in JIS A 1132. In addition, a rational
method of testing compressive strength of concrete based on unbonded capping is
proposed.

Keywords: compressive strength test, unbonded capping, steel cap, rubber pad,
durometer
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1 . INTRODUCTION

Production in Japan of ready-mixed concrete in 1966 amounted to 180 million
cu m, and quality control was carried out on prescribed lots of this produc-
tion. To elaborate, at each ready-mixed concrete plant, one set (of 3 or 6)
to several sets of specimens for compressive strength tests ("specimens") are
made at a rate of once daily for quality control of the manufacturing process.
As for concrete delivered, 6 cylinder specimens are made at least once every
150 cu m for product inspection. Particularly, at ready-mixed concrete plants
in urban areas, test specimens are made on an average of once every 30 cu m,
and there are cases when the number of specimens made in a day reaches 60 to
90. Based on these figures, the quantity of specimens made at ready-mixed
concrete plants may be estimated to reach roughly ll million per year. These
specimens are mostly being capped at ready-mixed plants with neat cement paste
and there is a need to save time and labor in this work. Unbonded capping is
designated in ASTM C 1231 [1] and AS 1012.9 [2] as a method of saving labor in
capping work. Unbonded capping consists of merely placing on top of a specimen
a steel cap and inserting a rubber pad between cap and specimen, only the top
surface of the latter having been smoothed by trowelling to obtain a similar
result as with a ground top or cement paste capping ("conventional capping").
However, particulars of steel caps and qualities and methods of controlling
rubber pads are not defined in detail in ASTM C 1231 and AS 1012.9, and it is
feared that accurate test results may not be obtained. Experiments were con-
ducted in this study with the objective of prescribing detailed specifications
for steel caps and rubber pads used in unbonded capping. To elaborate, inside
diameters of steel caps, and dimensions, materials, and physical properties
of rubber pads were examined to determine which would yield compressive
strength test results similar to those of specimens having conventional cap-
ping. Furthermore, a new method of control in which the serviceable limit of
reuses of rubber pads is determined with a durometer was devised, and a study
was made concerning adoption of unbonded capping.

2 . PRESENT STATUS OF UNBONDED GAPPING SYSTEM

In testing, the rubber pad used in the unbonded capping system deforms under
load to comply with recesses on the top surface of the specimen, the result
being that the load acts evenly on the specimen. As for the steel cap, it
restricts deformation of the rubber pad in the circumferential direction to
suppress horizontal shear forces.

The unbonded capping method was standardized in AASHTO T 22 and AS 1012.9 in
1986, and on the basis of studies such as that by Carrasquillo & Carrasquillo
[3], it was specified in ASTM C 1231 in 1993. As a result of these standard-
izations, unbonded capping has come to be used as a normal procedure in
Australia and the United States.

In Japan, research work was carried out by Noguchi, Tomosawa, et al. on con-
crete of comparatively high strength [4,5]. Yoshikane et al. did studies on
concretes with strength levels stipulated in JIS A 5308 "Ready-mixed concrete"
[7,8]. In the ready-mixed concrete industry, along with establishing ZKT-205
(National Ready-Mixed Concrete Industrial Associations Test Method) , experi-
ments were conducted comparing compressive strengths with those of specimens
capped by the conventional method.

Equipment employed in unbonded capping is as shown in Photo. 1.
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Durometer
Steel cap \ Rubber pad

Photo.1 Test apparatus for unbonded capping

3 . OUTLINE OF EXPERIMENTS

The objective of these experiments was to determine particulars regarding the
following four issues.

(1) Dimensions of steel cap
(2) Material, physical properties, and dimensions of rubber pad
(3) Method of controlling rubber pad
(4) Scope of application as regards compressive strength

These four issues are not unrelated, but mutually affect each other. However,
to take into consideration all possible combinations would necessitate an
enormous amount of experimenting, so the number of factors was narrowed down
through preliminary testing. That is, tests on (1) and (2) were first carried
out and their respective particulars decided. Based on these, tests regarding
(3) and (4) were then performed.

The dimensions of steel caps were based on values specified in ASTM C 1231.
In Japan, cylinder specimens of dimensions c|>10 x 20 cm and <j>12.5 x 25 cm are
generally used for compressive strength tests of concrete. Accordingly, it
was decided to determine the inside diameters of steel caps suitable for such
specimens. Furthermore, in determining the inside diameters of steel caps,
hardness of rubber pad is a major factor, while the number of reuses is also
very important. Therefore, besides roughly grasping the relationship between
inside diameter of steel cap and hardness of rubber pad, the types of rubber
were narrowed down to chloroprene rubber and polyurethane rubber in considera-
tion of precision and number of reuses. Notably, detailed descriptions regard-
ing the physical properties of rubber pads are not given in overseas standards,
with only ranges of hardness indicated. Impact resilience was therefore added
to the quality control factors of rubber pads. Furthermore, a study was made
on how to simply and quickly judge the reuse life of a rubber pad from its
hardness.

4 . EXPERIMENTS REGARDING SELECTION OF UNBONDED CAPPING TESTING EQUIPMENT
SPECIFI CATIONS ~~~~

In the event of a rubber pad used in an unbonded capping system not having a
suitable degree of softness, a concentrated load will act on protrusions at
the top of the specimen and strength will be excessively low. In contrast,
if too soft, the rubber pad will deform and squeeze into the space between
the upper surface of the specimen and the inner wall of the steel cap, thus
restraining the top end of the specimen and excessively high strength will be
indicated. Consequently, in an unbonded capping system, it is necessary to
select equipment with inside diameter of steel cap and hardness of rubber pad
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suited to the concrete strength. ASTM C
1231 contains specifications on steel caps,
and experiments were conducted to determine
appropriate values of inside diameter of
caps referring to Fig. 1. As for quality
of rubber pad, overseas standards do not
provide details, and so experiments were
carried out to determine the respective
values of hardness, diameter, thickness,
material, forming method, and other prop-
erties, varying them in numerous ways.

4 .1 Selection of Inside Diameters of
Steel Caps and Hardness of Rubber
Pads

(1) Test method Quench-hardened alloy

Steel cap
ITT1T!TBBffim

<

-*H M 1 t '

102 to 107% of the diameterof specimen
not less than llmm
0.9 times the thickness of the pad
twice the thickness of the pad

Note) Thickness of pad in ASTM is 13±2mm

Fig.l Steelcapsteel (SKS 3) specified in JIS G 4404 was
used as the steel cap material. The cap
surface to be in contact with the compression
testing machine was polished to be plane to within 0.02 mm. Three cap inside
diameters were used: 102 mm, 104 mm, and 106 mm. The rubber pad material used
was chloroprene rubber, the pad diameter being 102 mm, the thickness 10 mm, and
hardness according to JIS K 6253 (Hardness testing methods for vulcanized
rubber) of A65/5, A75/5, and A90/5. As concrete specimens, fifteen <j>10 x 20
cylinders were made in accordance with JIS A 1132 for each set of testing con-
ditions using concretes of water-cement ratios 0.44, 0.58, and 0.75. Adapting
the method of JIS A 1108, compressive strengths of the test specimens with un-
bonded capping were compared with compressive strengths ("reference strengths")
of specimens with both ends ground ("reference specimens"). The reason for
grinding reference specimens at both ends was that, compared with neat cement
capping, it is easier to hold planeness within the specified range and also to
minimize the influence on compressive strength [8, 9, 10] of variations in
planeness of the specimen bottom. In effect, the idea was to eliminate influ-
ences of differences in mix proportions of cement paste, mixing time, holding
time, planeness of capping plate, and worker skill.

In evaluating the results of testing with unbonded capping, an adaption of the
method of determining maximumnumber of reuses of rubber pads given in ASTM C
1231 was used. That is, it was decided to satisfy the requirement that the
ratio of compressive strength as measured by unbonded capping to that measured
by conventional capping ("strength ratio") should not be less than 0.98. Re-
garding this strength ratio, it has been found from the results of tests per-
formed elsewhere that when the hardness of the rubber pad is excessively small
(less than about A50/5), the ratio will rise. Consequently, it was decided to
provide an upper limit (strength ratio = 1.02) as well as a lower limit in
subsequent experiments to evaluate the applicability of unbonded capping.
Further, in JIS K 6253, rubber hardness is expressed as A65/5, A75/5, etc.,
meaning that 5 seconds after the loading face of a Type A durometer has been
brought into contact with the sample, the reading on the dial is 65, 75, etc.

(2) Test results The test results are shown in Table 1. In this table,
test values obtained by the unbonded capping system are lower than the refer-
ence strength the larger the space between sides of the specimen and the steel
cap. This is thought to be due to local failure under the influence of tensile
force at the top surface of the specimen perpendicular to the loading plane and
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Table 1 The influence of difference in inside diameter of steel cap and hardness of rubber pad
JUnit : N/mm2]

 R u b b e r  h a r d n e s s

W / C ¥  S t r e n g

d = 1  0 2 m m d = 1 0 4 m m d = 1  0 6 m m R e f e re n c e

s t r e n g th6 5 7 5 9 0 6 5 7 5 9 0 6 5 7 5 9 0

7 5 %

A v e r a g e 1 7 .3 1 7 .2 1 6 .3 1 6 . 9 1 6 . 7 1 5 . 8 1 6 .8 1 6 . 6 1 5 .5 1 7 . 4

R a ti o 0 . 9 9 0 . 9 9 0 . 9 4 0 .9 7 0 . 9 7 0 .9 1 0 . 9 7 0 .9 5 0 . 8 9

5 8 %

A v e ra g e 2 7 . 1 2 7 .0 2 6 . 2 2 6 8 2 6 . 8 2 6 . 2 2 6 .2 2 6 .0 2 5 . 3 2 7 . 2

R a ti o 1 .0 0 0 . 9 9 0 .9 6 0 .9 8 0 .9 8 0 9 6 0 .9 6 0 .9 6 0 .9 3

4 4 %
A v e r a g e 4 3 . 4 4 3 .4 4 3 . 0 4 3 . 1 4 2 . 2 4 2 . 3 4 2 .2 4 1 .7 4  . 3 4 3 . 2

R a t i  o 1 .0 0 1 . 0 0 1 .0 0 1 . 0 0 0 .9 8 0 . 9 8 0 .9 8 0 . 9 6 0 .9 6

N ote) Reference strength : result of test by JIS A 1108
Strength ratio = (unbonded capping) / (JIS A 1108)
Bold lines show range of strength ratio 1.00±0.02
d : inside diameter of steel cap

in the outward direction as the rubber pad deforms in the circumferential di-
rection under the steel cap as loading progresses. In contrast, in case the
inside diameter of the steel cap is 2 mm larger than the specimen diameter,
deformation of the rubber pad is smaller and the result is good agreement with
the reference strength, with strength ratios being within the range of 1.00 ±
0.02.

As for the hardness of the rubber pad, it is shown that there is better co-
incidence with the reference strength the softer the rubber, and it was de-
cided that in subsequent tests rubber pads of A65/5 would be used as standard.

4.2 Selection of Rubber Pad Diameter

(1) Test method Steel caps of inside diameter 102 mm as described in 4.1
were used. Rubber pads were of thickness 10 mmand hardness A65/5, with dia-
meters 101 mm and 102 mm. Fifteen specimens each were made from concretes of
water-cement ratios 0.50, 0.60, and 0.70 for the respective test conditions.
The influence of difference in pad diameter was examined based on these condi-
tions.

(2) Test results The test results are given in Table 2. According to this
table, strength ratios with a pad diameter of 101 mmwere 0.94 to 0.97 regard-
less of water-cement ratio and were outside the specified range. Coefficients
of variation were also high, at 4.67 to 5.21%. In contrast, when the diameter
was 102 mm, strength ratios were 0.98 to 1.00, coefficients of variation 0.97
to 1.21%, and there was good agreement with the reference strength. Based on
these results, it may be considered that 102 mm, equal to the inside diameter
of the steel cap, is suitable as the diameter of the rubber pad.

4.3 Selection of Thickness of Rubber Pad

The thickness of the rubber pad is specified in ASTM C 1231 and AS 1012.9 as
ll to 15 mm. If the thickness could be reduced, economics and work efficiency
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Table 2 Influence of rubber pad diameter
[Unit : N/mmz]

w / c

( % )

D i a m e t e r  =  1 0 1 m m D i a m e t e r  =  1 0 2 m m R e f e r e n c  e

s t r e n g thS  t r e n g  t h c r V  ( % ) R a t i o S t r e n g t h a V  ( % ) R a ti o

5 0 4 7 .4 2 . 2 1 4 .6 7 0 .9 4 4 9 . 4 0 .6 0 1 . 2 1 0 .9 8 5 0 .4

6 0 3 8 .3 1 . 8 5 4 8 3 0 .9 6 3 9 . 5 0 .3 8 0 . 9 7 0 .9 9 3 9 .9

7 0 2 8 . 5 1 . 4 8 5 .2 1 0 .9 7 2 9 . 4 0 .3 1 1 . 0 4 1 .0 0 2 9 .4

Note) Strengths in this table areaverage values (n = 15)
Referencestrength : result of test by JIS A 1 108
Strength ratio = (unbonded capping) / (JIS A 1108)
Bold lines show range of strength ratio 1.00 ± 0.02
a : standard deviation , V : coefficient of variation

would be improved, so a study was carried out to see if the thickness could be
made less than that specified in ASTM.

(1) Test method Steel caps of inside diameter 102 mmas described in 4.1 and
rubber pads of diameter 102 mm, hardness A65/5, and thickness 10 and 13 mmwere
used. Fifteen specimens each were made from concretes of water-cement ratios
0.50, 0.60, and 0.70 for the respective test conditions. The influence of dif-
ference in rubber pad thickness was examined in the tests.

(2) Test results The test results
are given in Table 3. According to
this table, the influence of rubber
pad thickness was not very great.
However, the test results for pads
of thickness 10 mmgave strength
ratios at all strength levels in a
range of 1.00 ± 0.02. Consequently,
the rubber pad can be made 10-mm
thick, 1 mm less than the ASTM
standard value.

Table 3 Infuence of thickness of rubber pad
[Unit : N/mm2]

W / C  ( % )

T h i c k n e s s  ( m m ) R e f e r e n c e

s t r e n g t h6 1 0 1 3

A v  e r a g e 5 6 .7 5 6 . 8 5 6 . 6

4 0
a 1 .6 2 1 .9 6 0 6 0 1 .3 0

V  ( % ) 2 .9 3 3 .4 5 1 .0 6 2 .3 0

R a t i o 0 .9 8 1 . 0 0 1 .0 0

5 0

A v e r a g e 4 4 .3 4 5 .0 4 4 . 2 4 5 . 7

a 2 . 4 8 0 .5 9 1 . 6 0 1 . 0 6

V  < % ) 5 . 6 0 1 . 3 1 3 .6 3 2 .3 1

R a t i o 0 . 9 7 0 .9 9 0 .9 7

6 0

A v e r a g e 3 3 .0 3 3 . 1 3 3 .0 3 2 .7

a 1 . 1 5 1 .0 0 0 . 9 4 1 . 0 6

V  ( % ) 3 .4 9 3 .0 3 2 . 8 5 3 . 2 6

R a ti o 1 .0 1 1 .0 1 1 . 0 1

Note) Reference strength : result of test by JIS A 1 108
Strength ratio = (unbonded capping) / (JIS A 1 108)
Bold lines show range of strength ratio 1.00 ± 0.02
a : standard deviation , V : coefficient of variation

4 .4 Selection of Rubber Pad Material

(1) Testmethod Steel caps of in-
side diameter 102 mmas described in
4.1 were used. The rubber pads were
of diameter 102 mm, thickness 20 mm,
and hardness A65/5. The materials
tested were chloroprene rubber (3
kinds), natural rubber, styrene-
butadience rubber, and polyurethane rubber, for a total of six varieties. In-
stead of making specimens to be broken at each cycle of loading, specimens of
the high strength of 128 N/sq mmwere provided and repeatedly applied a load
corresponding to a stress of 34 N/sq mm. Meanwhile, specimens of strength
34 N/sq mm (water-cement ratio 0.52) made separately were taken and subjected
to compression tests (actually loading to failure) at 1, 10, 50, 100, 150, 200,
250, and 300 cycles of loading, and the influences of differences in rubber pad
materials were examined.

(2) Test results The test results are given in Table 4. According to this
table, chloroprene rubber and polyurethane rubber yielded strength ratios in
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Table 4 Influence of rubber
[Unit : N/mm1]

R u b b e r  p a d  m a t e r i a l I t e m s C y c l e s  o f  l o a d i n ( c y  c l e )

n 1 0 5 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0

C h l o r o p r e n e  -  T

( H = 6 5 , R = 5 3 ,S = 1 . 4  1  )

S t r e n g t h 3 3 . 9 3 3 .8 3 3 . 9 3 3 . 7 3 3 . 8 3 3 . 8 3 3 . 9 3 4 . 1  I

R a t i o 0 .  9 9 0 . 9 9 1 . 0 0 0 .9 9 1 . 0 0 1 . 0 0 0 .9 9 1 .0 1

C h l o r o p r e n e  -  S

( H = 6 5 ,R = 5 4 , S = 1 . 3 8 )

S t r e n g t h 3 4 . 2 3 3 .9 3 3 .9 3 4 . 0 3 3 .4 3 3 . 5 3 .7 3 2 . 5

R a ti  o 1 . 0 0 0 . 9 9 1 . 0 0 1 . 0 0 0 . 9 8 0 .9 9 0 .9 9 0 .9 6

C h l o r o p r e n e  -  D

(H = 6 5 ,R = 5 6 , S = 1 . 4 3 )

S  t r e n g t h 3 4 . 0 3 4 .0 3 3 . 9 3 4 . 6 3 3 .7 3 3 . 9 3 3 . 2 3 2 . 7

R a t i  o 0 . 9 9 1 . 0 0 1 . 0 0 1 .0 2 0 . 9 9 1 .0 0 0 .9 7 0 .9 7

N a t u r a l  r u b b e r

( H = 6 5 ,R = 6 3 , S = 1 . 2 5 )

S t r e n g t h 3 4 . 2 3 3 . 8 3 3 . 4 3 2 . 0 2 9 .3

R a ti o 1 .0 0 0 9 9 0 9 8 0 .9 4 0 . 8 6

S t y re n e b u t a d i e n e  r u b b e r

( H = 6 5 ,R = 4 6 , S = 1 . 2 6

S t r e n g t h 3 4 .3 3 4 .2 3 4 . 1 3 3 .9 3 2 . 7 3 2 . 2 3 2 . 2 3 1 .5

R a ti  o 1 . 0 0 1 . 0 0 1 .0 0 1 . 0 0 0 . 9 7 0 .9 5 0 .9 5 0 . 9 3

P o l y  u r e t h a n e

( H = 6 5 ,R = 5 9 , S = 1 . 2 9 )

S  t r e n g t h 3 4 .4 3 4 . 3 3 4 . 0 3 3 .6 3 3 .9 3 3 . 8 3 3 . 8 3 3 .5

R a t i o 1 . 0 1 1 . 0 1 1 .0 0 0 . 9 9 1 . 0 0 1 .0 0 1 .0 0 0 . 9 9  1

R e f e r e n c e  s t r e n g t h 3 4 .2 3 4 . 1 3 4 .0 3 4 .0 3 3 . 9 3 3 . 8 3 4 . 1 3 3 . 8

Note) Reference Strength : result of test with HS A 1 108
Strength ratio = (unbonded capping) / (JIS A 1 108)
Bold lines show range of strength ratio 1.00 ± 0.02
H : Hardness , R : Impact resilience(%) , S. Density(g/cmJ

the 1.00 ± 0.02 range even after repeated use more than 200 times. Thus, these
materials are durable in comparison with natural rubber and styrene-butadience
rubber. Based on these results, chloroprene rubber and polyurethane rubber can
be recommended as materials for use in unbonded capping.

4.5 Method of Forming Rubber Pad

The diametral cross section of a rubber pad formed by punching heat-treated
rubber board is concave, with the depth of the depression differing according
to the punching velocity. It was found in separate experiments [11] that the
quality of rubber pads formed by this method will not be stable. Therefore,
for comparison, rubber materials were formed in metal molds having the required
dimensions, heat-treated, and tested.

(1) Test method Steel caps of inside diameter 102 mmas described in 4.1
were used. Rubber pads were of diameter 102 mm, thickness 10 mm, hardness
A65/5, and made of chloroprene rubber. The rubber pads were formed by the two
methods of punching and heat treating. Fifteen specimens each were made from
concrete with water-cement ratios 0.44, 0.58, and 0.75 for the respective test
conditions. The influence of the difference in the methods of forming rubber
was examined in the tests.

(2) Test results The test results are given in Table 5. According to this
table, the average specimen strength using rubber pads formed by heat treatment
is close to the reference strength regardless of strength level. As strength
ratios were 0.99 to 1.00 and coefficients of variation 1.6% and under, it can
be seen that stable test values had been obtained. In contrast, when rubber
pads formed by punching were used, the cross sections were concave, and the
depths of the depressions varied within a range of 0.5 to 1.5 mm. Where varia-
tions were large, substantial horizontal displacements occurred locally in the
circumferential direction accompanying load increase, and as a result, failures
were seen toward the tops of the side surfaces of specimens in contact with
these areas. Consequently, it may be surmised that pads formed by punching
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have lower strengths than pads made
by heat treatment. Therefore, con-
sistent test values may be obtained
by using rubber pads formed by heat
treatment in the unbonded capping
system.

4 .6

Table 5 Influence of rubber pad forming method
[Unit : N/min ]

W /C (% )

R u b b e r p a d fo r m in g m e th o d R e fe r e n c e

stre n g thP u n c h in g H e a t fo r m in g

7 5

S tr e n g th 2 0 .0 2 0 .3 2 0 .5

a 0 .6 6 0 .3 2 0 .3 8

V (% ) 3 .3 3 1 .5 8 1 .8 7

R a tio 0 .9 7 0 .9 9

5 8

S tr en g th 3 0 .8 3 1 .1 3 1 .2

a 0 .4 6 0 .4 6 0 .3 8

V (% ) 1 .5 0 1 .4 9 1 .2 3

R a tio 0 .9 8 1 .0 0

4 4

S tr en g th 4 5 .0 4 5 .7 4 6 .0

a 0 .5 9 0 6 4 0 .6 8

V (% ) 1 .3 1 1 .4 1 1 .4 9

R a ti o 0 .9 7 0 .9 9

Note) Strengths in this table areaverage values (n - 15}
Reference strength : result of test by JIS A 1108
Strength ratio = (unbonded capping) / (JIS A 1108)
Bold lines show range of strength ratio 1.00 ± 0.02
a : standard deviation , V : coefficient of variation

Selection of Impact Resilience
and Density of Rubber Pad

Even though hardness of a rubber pad
may be A65/5, its impact resilience
and density will vary depending on
how the rubber pad was compounded,
and experiments conducted separate-
ly [11] demonstrated that this will
influence compressive strength
measurements. To investigate this,
while holding the hardness of the
rubber pad constant, compounding
was varied to examine appropriate
values of impact resilience and
density.

(1) Test method Steel pads of inside diameter 102 mmas described in 4.1
were used. Rubber pads were of diameter 102 mm, thickness 10 mm, and hardness
A65/5, and the materials were chloroprene rubber (carbon content: 4, 12, 40,
and 45%) and polyurethane rubber (plasticizer content: various). The respective
impact resiliences were measured according to JIS A 6255 and densities according
to JIS A 6350. Specimens were mixed using a special gypsum. Six specimens each
for comparison purposes were made for the respective compounding conditions from
pastes of water-powder ratio 0.25. The reason for using this special gypsum was
to obtain specimens of equal strength. The influences of differences in impact
resilience and density were examined in the tests.

Table 6 Influence of impact resilience and density of rubber pad

R u b b e r p a d m a te r ia l H a rd n e s s I m p ac t

re s i lie n c e

D e n s ity

fc /c m 3)

S tre n g th fN /m m ) C a rb o n

c o n te n tD 1 0

(% ) c v c le c v c le (% )

C h lo ro p re n e - T A 6 5 / 5 5 9 1 .3 2 3 5 .2

f l .0 3 1

3 5 .0

n .0 3 )

4 5

A 6 5 /5 5 3 1 .4 1 3 3 .9

(0 .9 9 )

3 3 .8

fO .9 9

4 0

A 6 5 /5 3 3 1 .5 9 3 0 .4

(0 .8 9 1

2 8 .6

(0 .8 4 1

1 2

A 6 6 /5 2 9 1 .7 1 3 0 .1

(0 .8 8 1

2 5 .4

(0 . 7 4 1

8

P o ly u re th a n e A 6 6 /5 6 6 1 .2 1 3 5 .8

( 1 .0 5 1

3 5 .9

f l .0 5

A 6 5 /5 5 9 1 .2 9 3 4 .4

r i .o o i

3 4 .3

r i .o n

A 6 5 /5 5 0 1 .4 1 3 2 .6

(0 .9 5 )

3 2 .4

(0 .9 5

A 6 5 /5 4 7 1 .5 8 3 0 .2

(0 .8 8 1

2 8 .6

(0 .8 4 )

R e fe r e n c e str en g th 3 4 .2 3 4 .1

Note ) Reference strength : result of test by JIS Al 108
Strength ratio = (unbonded capping) / (JIS A 1108)
Bold lines show range of strength ratio 1.00 ± 0.02
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(2) Test results The test results are given in Table 6. According to this
table, the impact resilience of chloroprene rubber increased in proportion to
its carbon content and varied between 29 and 59%. As for density, it decreased
with rising carbon content, being between 1.32 and 1.71 g/cu cm. These tests
rubber pads of constant hardness and varying impact resilience and density
yielded a compressive strength ratio of 0.99 in the case of an impact resil-
ience of 53% and a density of 1.41 g/cu m. The strength ratio decreased with
lower impact resilience while, conversely, it increased with higher impact
resilience.

In the case of polyurethane rubber, also, impact resilience and density varied
with compounding differences. Suitable impact resilience and density values
for testing were 59% and 1.29 g/cu m.

As for quantity of plasticizer contained in the polyurethane rubber, this was
said to be an industrial secret of the manufacturer and details are unknown.

5 . METHOD PROPOSED FOR CONTROLLING RUBBER PADS

A rubber pad will suffer from fatigue as the number of reuses increases. To
judge the maximumnumber of reuses of a rubber pad, it is stipulated in ASTM C
1231 that when the pad has been reused 100 times, test strength is to be com-
pared with that of a specimen with conventional capping as mentioned previously.
As for AS 1012.9, it is stipulated that judgment is to be made by visual inspec-
tion. This unfortunately leads to problems related to the tedium of actually
counting the number of reuses and the subjectivity of visual inspection. There-
fore, a method using a durometer was examined as a simple and quick way of con-
trolling rubber pads.

5.1 Changes in Hardness and Compressive Strength of Rubber Pad with Repeated
Use

(1) Test method Compressive strength tests were performed repeatedly on
specimens having various top surface configurations, and changes in compressive
strength and hardness were tested. The testing was consigned to five testing
facilities of the ready-mixed concrete industry throughout the country. The
steel caps used in the tests were of inside diameter 102 mm as described in
4.1. Rubber pads were of diameter 102 mm, thickness 10 mm, hardness A65/5,
of chloroprene rubber, and were of two types: made by punching and by heat
treatment. As specimens for nondestructive testing, high-strength cylinders
(specimens with strengths of about fc = 80 to 100 N/sq mmmade at the respec-
tive testing institutions) were used. The tests consisted of repeatedly apply-
ing loads corresponding to stresses of 20, 30, and 45 N/sq mmto rubber pads
inserted in steel caps, and at every 50 cycles of loading, performing compres-
sive strength tests (loading to failure) on standard specimens made of special
gypsum. The results of these were compared with those of reference specimens
made at the same time.

As a note, the top surface of the specimens were finished in such manner that
the difference between the highest and lowest points at the surfaces would be
0, 3, and 6 mm ("inclinations" 0, 3, and 6 mm) and with the circumferences at
the top surface of the specimen as the reference, finishing was done to result
in a depression or protrusion at the center of 3 mm.

(2) Test results An example of the test results is shown in Fig. 2. This
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Fig.2 Changes in compressive strength and rubber pad hardness

figure shows test results for an inclination of 3 mm; the hardness of the rubber
pad gradually declines as the number of reuses exceeds 650, indicating that the
rubber pad deteriorates with repeated use. The compressive strength of the con-
crete approximated that of the reference concrete up to around 650 times, with
strength ratios in the range 1.00 ± 0.02. The strength ratio gradually declined
after 650 times also, becoming 0.94 at the 800th use. The relationship between
hardness of rubber pad and compressive strength is shown in Fig. 3. According
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Table 7 Decline in hardness of rubber pad corresponding to
decline in strength retio 1.00 ± 0.02

Target
strength

Inclination (mm)

0

Depre

3mm
D*

P rotru-sion

3mm

20N/mm 1 .50 3 .27 1 .65 1 .55 0 .63 0 .46

30N/mm ' 4 .21 3 .17 2 .47 4 .38 2 .37 6 .39

45 N/mm 0 .56 | 3.08 2 .32 4 .02 2 .75 2 .10

Note) Results of strength test of pads made by punching.
A,B,C,D,E : laboratory
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to this figure, compressive strength declines as the rubber hardness falls, and
the relationship can be represented by a straight line. Based on this rela-
tionship, if the reuse limit of a rubber pad is taken to be when the strength
ratio in compressive strength tests declines to 0.98, the corresponding decline
in rubber pad hardness is as shown in Table 7. In this table, the decline in
hardness of rubber pad corresponding to this 0.02 decline in strength ratio,
though differing somewhat depending on test conditions, is an average of appro-
ximately 2.5.

Based on these results, the maximumnumber of reuses of a rubber pad may be set
at the point when the hardness of the rubber declines by 2 from the initial
value.

5.2 Temperature Correction for Hardness of Rubber Pad

A rubber pad by nature becomes harder the lower the temperature. Therefore, if
the maximumnumber of reuses of a rubber pad is to be controlled by hardness,
it is necessary to make a correction for temperature.

(1) Test method Twenty-seven rubber pads of hardness A64/5 to A73/5 were
left for 24 hours in constant temperature rooms at 10, 20, and 30°C and the
relationship between temperature and hardness of rubber pad was sought.

T a b l e 8 R e la t io n s h ip b e tw e e n te m p e r a tu r e a n d r u b b e r p a d h a r d n e s s

T e m p o f p a d = 1 0 T C T e m p o f p a d = 2 0 TC T e m p o f p a d = 3 0 *0

M e a su r e d A d ju s te d R a t io M e a s u re d A d j u st e d R a t io M e a s u re d A d ju st e d R a tio

v a lu e v a lu e fo r

2 0 1C

v a lu e v a lu e f o r

2 0 1C

v a lu e v a lu e fo r

2 o t :

6 6 6 4 .5 9 1 .0 1 6 4 .0 3 1 .0 0 6 3 6 3 .8 4 1 .0 0

6 6 6 4 .5 9 0 .9 9 6 4 . 9 9 1 .0 0 6 4 6 4 .8 1 1 .0 0

6 6 6 4 .5 9 0 .9 9 6 4 .9 9 1 .0 0 6 4 6 4 .8 1 1 .0 0

6 6 6 4 5 9 0 .9 9 6 4 .9 9 1 .0 0 6 4 6 4 .8 1 1 .0 0

6 9 6 7 .4 1 1 .0 2 6 5 .9 5 1 .0 0 6 6 6 6 .7 6 1 .0 1

6 8 6 6 .4 7 1 .0 1 6 5 .9 5 1 .0 0 6 6 6 6 .7 6 1 .0 1

6 9 6 7 .4 1 1 .0 2 6 5 .9 5 1 .0 0 6 6 6 6 .7 6 1 .0 1

6 9 6 7 .4 1 1 .0 1 6 6 .9 1 1 .0 0 6 6 6 6 .7 6 1 .0 0

6 8 6 6 .4 7 0 .9 9 6 6 .9 1 1 .0 0 6 6 6 6 .7 6 1 .0 0

6 9 6 7 .4 1 1 .0 1 6 6 .9 1 1 .0 0 6 6 6 6 .7 6 1 .0 0

6 9 6 7 .4 1 1 .0 1 6 6 .9 1 1 .0 0 6 6 6 6 .7 6 1 .0 0

7 0 6 8 .3 5 1 .0 2 6 6 .9 1 1 .0 0 6 6 6 6 .7 6 1 .0 0

6 8 6 6 .4 7 0 .9 9 6 6 .9 1 1 .0 0 6 6 6 6 .7 6 1 .0 0

6 9 6 7 .4 1 0 .9 9 6 7 .8 7 1 .0 0 6 8 6 8 .7 0 1 .0 1

6 9 6 7 .4 1 0 .9 9 6 7 .8 7 1 .0 0 6 8 6 8 .7 0 1 .0 1

6 8 6 6 .4 7 0 9 8 6 7 .8 7 1 .0 0 6 7 6 7 .7 3 1 .0 0

6 9 6 7 .4 1 0 .9 9 6 7 .8 7 1 .0 0 6 7 6 7 .7 3 1 .0 0

7 0 6 8 .3 5 1 .0 1 6 7 .8 7 1 .0 0 6 7 6 7 .7 3 1 .0 0

6 9 6 7 .4 1 0 .9 9 6 7 .8 7 1 .0 0 6 7 6 7 .7 3 1 .0 0

6 9 6 7 .4 1 0 .9 9 6 7 .8 7 1 .0 0 6 7 6 7 .7 3 1 .0 0

6 9 6 7 .4 1 0 .9 9 6 7 .8 7 1 .0 0 6 7 6 7 .7 3 1 .0 0

7 0 6 8 .3 5 1 .0 1 6 7 .8 7 1 .0 0 6 7 6 7 .7 3 1 .0 0

6 9 6 7 .4 1 0 .9 9 6 7 .8 7 1 .0 0 6 7 6 7 .7 3 1 .0 0

6 9 6 7 .4 1 0 .9 8 6 8 .8 3 1 .0 0 6 8 6 8 .7 0 0 0

7 3 7 1 .1 6 1 .0 0 7 0 .7 4 1 .0 0 7 0 7 0 .6 4 0 9 9

7 4 7 2 .0 9 1 .0 0 7 1 .7 0 1 .0 0 7 1 7 1 .6 1 0 .9 9

7 5 7 3 .0 3 1 .0 0 7 2 .6 5 1 .0 0 7 2 7 2 .5 7 0 .9 9

Note) Figures 65 and 66 (measured value and adjusted value) indicate A65/5 and A66/5

Ratio. ( adjusted value ) / ( hardness of rubber pad at 20"C )
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(2) Test results The test results are given in Table 8. According to this
table, the hardness of a rubber pad at 10°C is higher by approximately 1 as
compared with the value measured at 20°C. At 30°C, there is a corresponding
reduction of approximately 1. These changes are due to the molecular structure
of rubber [12], and the physical properties and quantity of plasticizer added.

The following equation is obtained by constant determination using the method
of least squares based on these test results:

K20 - l.08-TO-03.Ki0.96 (1)

where, K2Q: adjusted hardness of rubber pad at temperature of 20°C
T: temperature of rubber pad at time of measurement (°C)

Ki: hardness of rubber pad at temperature T°C

To verify Eq. (1), adjusted values of hardness at 20°C were determined from
measurements at various temperatures. Results are shown, along with the ratios
between measured values at 20° and adjusted values, in Table 8. These ratios
fall in the range of 1.00 ± 0.02 in almost all cases and it is seen that Eq.
(1) can be used to make corrections for temperature.

5.3 Proposal for Method of Controlling Rubber Pads

For a method of controlling the reuse limit of rubber pads employing a duro-
meter, the results of tests described in 5.1 and 5.2, JIS K 6253, and the
instructions for use of the Type A durometer are referred to, and the procedure
would be as follows:

(1) Measurement frequency Determine the frequency of measurements on rubber
pads as suited making measurements once in about 100 to 150 uses according to
the number of times compressive strength tests are performed daily on average.

(ii) Method of measuring hardness (1) Measure hardness at a point approxi-
mately 15 mm from the perimeter of the rubber pad toward the center. Three
measurements should be taken, with the locations equally spaced apart. (The
measurement locations and number of measuring points are selected in this way
because when measurements were made at 19 points on the surface of each of 200
rubber pads, differences could not be recognized between maximum, minimum, and
average values. )
(2) Maintaining the durometer perpendicular, bring it into contact with the
loading plane at a constant rate in such manner that the plunger is perpendic-
ular to the rubber pad.
(3) After bringing the durometer into contact with the rubber pad, wait 5 sec-
onds and then read the dial. The dial indicates the maximumvalue at the
moment the loading plane comes into full contact with the rubber pad, although
even when this position is maintained, the reading gradually falls. Because
of this, the value 5 seconds after contact should be read, as this is a reason-
ably short time and comparatively stable test values can be obtained. In JIS
K 6253, it is stipulated that the force made to act after the durometer con-
tacts the rubber pad until hardness is read is to be 10 N, but similar measure-
ment values are obtained even when the force is in a range of 8 to 10 N.
Therefore, the plunging force should be made about 8 to 10 N.
(4) Take as the test result the average of three measurements. Furthermore,
record room temperature at the time of testing.

(iii) Calculation of results The hardness and temperature (or when it cannot
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b e measured directly, the ambient temperature) of the rubber pad are to be sub-
stituted into Eq. (1) for conversion to values at 20°C.

(iv) Maximumnumber of rubber pad uses In the event that the converted
rubber hardness is lower by 2 or more than the value initially used, discon-
tinue use of the pad and exchange it for a new one.

6 . SCOPE OF APPLICATION OF UNBONDED CAPPING SYSTEM

The applicable scope of the unbonded capping system was examined varying plane-
ness of top surface of specimen, specimen dimensions, and type and strength of
concrete.

6.1 Planeness of Top Surface of Specimen

(1) Test method Steel caps of inside diameter 102 mm as described in 4.1
were used. Rubber pads were of diameter 102 mm, thickness 10 mm, and hardness
A65/5, and were made of chloroprene rubber. Fifteen specimens each were made
from concretes with water-cement ratios of 0.44, 0.58, and 0.75 for the respec-
tive test conditions. Furthermore, the number of passes with a trowel in
finishing specimen tops when casting was varied to examine tolerance with
regard to planeness.

(2) Test results The test results are shown in Fig. 4. In this figure,

50 r

45 N

40

35
I i

V A*.

*»-
2 30

25 M RangeofJISA 1132

20 N

15 '

0 500 1000 1500

Planeness(x10~3 n)

2000 2500

Fig.4 Relationship between planeness of trowel finishing and
compressive strength

planeness of specimen tops were from 0.25 to 2.25 mm. These compressive
strength test results with the unbonded capping system, regardless of differ-
ence in strength levels, agree well with test values obtained with conven-
tional capping according to JIS A 1132, which are also shown in this figure.
In experiments regarding planeness performed elsewhere [13] , proper test values
were at times obtained even with poor planenesses of 3 to 4 mm. However, it
is conceivable that in such cases local deterioration of the rubber pads might
go undetected, and it is considered appropriate for the tolerence to be within
2 mm.

If the top surface of the specimen is concave and the depth of the depression
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is more than about 2 mm, the outer perimeter of the specimen top will fail
while the load is still quite low, and proper testing cannot be done. In such
a case, by using very fine sand with particles of about 0.15 mmor under to
level up the concave part of the specimen, it is possible to use the unbonded
capping system.

6.2 Specimen Dimensions

(1) Test method Steel caps of inside diameter 102 mm, 2 mm larger than spec-
imen diameter, 127 mm, and 156 mmwere used. Rubber pads were of thickness 10
mmand hardness A65/5, and were made of chloroprene rubber. Pad diameters were
the same as the inside diameters of respective steel caps. Fifteen specimens
each were made from concretes of water-cement ratios 0.58 and 0.75 for the re-
spective combinations of test conditions. The applicable scope of testing as
regards specimen dimensions was examined.

(2) Test results The test results
are shown in Fig. 5. This shows
that irrespective of concrete
strength and specimen dimensions,
test results with unbonded capping
are in agreement with reference
strengths.

40

35 i-

Specimen Dintensions

6 .3 Scopes of Application of
Kind and Strength of Con-
crete

(1) Test method Steel caps of

à" <t>10x20cm
* 012.5x25cm

30 r H015x30cn

25

20 I-

« 15

10

Fig.5

10 15 20 25 30 35 40

Strength by conventional capping(N/mra)

Relationship between strength by conventional
capping and by unbonded capping

inside diameters 102 mm and 127 mm
as described in 6.2 were used.
Rubber pads were of thickness 10 mm
and hardness A65/5, with diameters
equal to the inside diameters of
the steel caps, and they were made
of chloroprene rubber. The concretes used were mainly those normally delivered
from ready-mixed concrete plants and consisted of lightweight concretes (Class
1 and Class 2), dry-mixed concrete (concrete for the slip forming method: SFC),
and extra dry-mixed concrete (RCCP concrete). The applicabilities of types and
strengths of concrete were examined in the tests.

(2) Test results The test results are shown in Figs. 6 and 7. Figure 6
gives the results for specimens of dimensions <}>10 x 20 cm, and although measure-
ments were fewer for concretes other than ordinary concrete, it can be seen
that compressive strength test results using unbonded capping agreed well with
those obtained with conventional capping.

Figure 7 gives the results for <J>12.5 x 25-cm specimens, and as with the <J>10 x
20-cm specimens, there was good agreement between strengths as obtained using
the two methods of capping.

The scopes of application as regards the strengths of these <j>10 x 20-cm and
<j>12.5 x 25-cm specimens are 10 to 65 N/sq mmfor the former and 10 to 60 N/sq mm
for the latter.
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7 . METHOD OF TEST FOR COMPRESSIVE STRENGTH OF CONCRETE WITH UNBONDED CAPPING
(PROPOSED)

I. Scope of Application This method shall apply to compressive strength
tests on concretes of strength about 10 to 60 N/sq mm using steel caps to re-
strain rubber pads and deformations of rubber pads.

II. Test Apparatus

ll.1 Steel Cap Quench-hardened SKS steel shall be used and the surface coming
into contact with the compression testing machine shall have a planeness within
0.02 mm. Thicknesses of the steel cap shells shall be as given in Table 9 ac-
cording to the specimen dimensions on referring to Fig. 1.

ll.2 Rubber Pad Rubber pads shall have diameters equal to the inside diam-
eters of steel caps given in Table 9 and a thickness of 10 mm. The qualities
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of the rubber pads shall be accord-
ing to Table 10.

II.3 Rubber Hardness Tester The
rubber hardness tester shall be a
Type A durometer as specified in
JIS K 6253.

III. Test Method (1) Follow JIS
A 1132 and finish in a manner such
that coarse aggregate is not exposed
at the top surface of the concrete
specimen.

(2) Wipe moisture from the surface
of the concrete specimen at the
specified age and check to see that
no foreign matter adheres to the
surface. Following this, place
the steel cap on top of the specimen
in such manner that the cast surface
of the specimen is in contact with
the rubber pad.

Table 9 Dimensions of steel caps

S p e c im e n  o f
D im e n s io n s  o f  s h e ll  ( m m )

I n s id e T h i  c k n e s s D e p t h
d im e n s io n s d im e n s io n

d t I B t 2

0  1 0 x  2 0 c m 1 0 2 .0  ｱ  0 .1
1 8 + 2 l l  + 2 2 5 ｱ  1

0  1 2 .5  x  2 5 c m 1 2 7 .0  ｱ  0 .1

Table 10 Quality of rubber pad
Item M aterial of rubber pad

C h lo ro p ren e P oly u reth an e

H ard n e s s A 6 5/5 ~ A 7 0 /5

Im p ac t re silien c e (% ) * '' 5 3 ｱ 3 60 + 3

D e n sity (g /c m ) * J 1.4 0 ｱ 0 .0 3 1 .3 0 ｱ 0 .0 3

X 1)JIS K 6253 (Hardness testing methods for rubber,
vulcanized or thermoplastic)

à"&2) JIS K 6255 (Testing methods of rebound resilience for
rubber , vulcanized or thermoplastic)

^ 3)JIS K 6350 (Method of analysis for rubber pad)

(3) Align the steel cap in such manner that the side surface of the specimen
does not come into contact with the cap and perform compressive strength test-
ing according to JIS A 1108.

(4) Before or after the compressive strength test, as suited, measure the hard-
ness of the rubber pad and check to see that it is within the specified range.
Replace the rubber pad in the event that hardness has declined by 2 from the
value measured initially.

Caution 1) When a new rubber pad is introduced, after inserting it into the
steel cap, apply load of about 150 kN two or three times in order to expelair
trapped between the steel cap and rubber pad.

Caution 2) A rubber pad stored for a long period will deteriorate. Chloro-
prene rubber, of which the main ingredient is butadiane, becomes hard and its
impact resilience declines as shown in Fig. 8 when exposed to ultra-violet rays
over a long period of time. In the case of polyurethane rubber, there is a risk
that hardness and impact resilience will decline due to hydrolysis. According-
ly, the precautions to be followed when storing rubber pads are as follows:

. Do not expose to ultra-violet rays for long periods of time.

. Do not allow contact with oil of any type.

. In case of polyurethane, store under dry conditions.

8 . CONCLUSIONS

A detailed examination of test conditions for the unbonded capping system has
been carried out with the objective of introducing it to save time and labor
in capping work for compressive strength tests of concrete. The results ob-
tained in this study were as follows:
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(1) The inside diameter of the steel cap used in unbonded capping should be
2 mmlarger than the diameter of the specimen. With hardness of rubber pad
A65/5, test values were equal to strengths as measured with neat cement paste
capping and ground cylinder tops.

(2) Rubber pads used should be of thickness 10 mmand diameters equal to the
inside diameters of the steel caps.

If chloroprene or polyurethane is used for the rubber pads, it will be possible
for reuses to be made more than 200 times.

(3) The diametral cross sections of rubber pads made punched out from sheet
material are concave and quality is unstable, so that the required strengths
cannot be obtained; the coefficients of variation of test values are compara-
tively high. In comparison, if raw materials are put in metal molds of the
specified dimensions and pads are formed by heat treatment, there is good
agreement with the reference strength, and the coefficient of variation is
comparatively low.

(4) The impact resilience and density of rubber pads will vary depending on
compounding conditions even though hardness may be constant. Proper testing
may be done using rubber pads of impact resilience and density of 53% and 1.41
g/cu cm, respectively, in case of chloroprene rubber, and 59% and 1.29% g/cu cm,
respectively, in case of polyurethane rubber.

(5) The maximumnumber of reuses of rubber pads can be judged as the time when
the value measured with a durometer declines by 2 from that at initial use.

(6) The measured value of hardness of a rubber pad will vary with temperature.
Because of this, corrections for temperature are needed when controlling the
maximumnumber of reuses of a rubber pad using a durometer. For this purpose,
test values of hardness at all temperatures can be converted to values at 20°C
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using the following equation:

K20 = 1.08-TO-03.K10.96

where, K2Q: adjusted value of hardness of rubber pad at temperature of 20°C
T: temperature of rubber pad at time of measurement (°C)

Ki: hardness of rubber pad measured at temperature of T°C

(7) The hardness of a rubber pad should be checked according to JIS K 6253 every
100 to 150 uses. Measurements of hardness are to be made at 3 points approxi-
mately 15 mm in from the perimeter of the rubber pad, the points being equally
spaced apart. Measurement is carried out by maintaining the plunger of the
durometer perpendicular to the rubber pad and bringing it into contact with the
loading plane at a constant rate with a force of 8 to 10 N. The dial should be
read after 5 seconds of contact.

(8) Unbonded capping may be used for compressive strength tests on concrete
specimens of dimensions <j>10 x 20 cm, <f>12.5 x 25 cm, and <j>15 x 30 cm where the
planenesses of cast surfaces are within a tolerence of 2 mm. It may be applied
to the standard products specified in JIS A 5308, concrete for the slip forming
method, and RCCP. The applicable range of failure strength is 10 to 60 N/mm2.

(9) Taking variations during the manufacturing process into consideration, the
rubber pad should have a hardness of A65/5 to A70/5, with an impact resilience
53 ± 3% in case of chloroprene rubber, and 60 ± 3% in case of polyurethane
rubber. Density should be 1.40 ± 0.03 g/cu cm for the former and 1.30 ± 0.03
g/cu cm for the latter.

(10) A precaution to be observed in testing is that when a new rubber pad has
been inserted into a steel cap, a load of about 150 kN needs to be applied two
or three times to expel air trapped between the cap and the pad. Further, in
storing rubber pads, they should not be exposed to ultra-violet rays for long
periods of time, nor must they be allowed to come into contact with oils. In
the case of polyurethane rubber, pads must be kept under dry conditions.
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