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Abstract

In this study, a new type of Durometer was invented by modifying the currently used Durometer with the
hemisphere shaped needle to columnar shaped needle. The aim of the study is, hence, to provide the feasibility of the
advanced Durometer for assessing setting time of the concrete. Generally, the finishing of concrete surface should be
conducted to secure the smooth surface, improve the permeability, and prevent the plastic shrinkage cracking.
Although this surface finishing work should be conducted during the plastic phase between initial and final setting,
currently in practical situations, the timing of starting the finishing work was determined by the sense of the worker.
To improve this situation, Kato Junji suggested to use the hemisphere and needle shaped Durometers to determine the
mitial and final setting time, respectively. However, in this case, there are difficulties of using two different
Durometers and of occurring failure of the Durometer due to the intruded cement paste. To prove the feasibility of
new typed Durometer, setting time and surface hardness were evaluated by applying for the concrete with various
replacing ratios of fly—ash and coal gasification slag as an aggregate.
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Table 1. Experimental plan

Test items Variables
W/B (%) - 50
Target slump .
(mm) 1 12025
Target air .
Mixtures contents (%) 4515
FA replacing .
ratio (%) 3 0. 15,30
CGS replacing .
ratio (%) 3 0, 25, 50
- Slump
Fundamental Y
properties of 3 Air contents
concrete - Compressive strength
(7, 14, 28 days)
Experi- - Penentration resistance
ment tester

variables -
- Hemisphere type Durometer

- Pin type Durometer

Setting time 4

- Improved type Durometer

Table 2. Mix proportions of the concretes

FA CGS

eplacing repacng " G FA OG CS CGS SP AE
(%) (kg/m?) (%/C)

0 360 0 868 849 0
0 25 360 0 868 637 212
50 360 0 868 425 424
0 306 54 860 840 O

15 25 180 306 54 860 630 210 0.1 0.15
50 306 54 860 420 420
0 252 108 852 832 0
30 25 252 108 852 624 208
50 252 108 852 416 416
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Table 3. Physical properties of cement

Density Blaine Compressive strength (MPa)
(glemd)  (emflg) 3 days 7 days 28 days
I (OPC) 3.15 3390 24.8 39.3 56.9

Type

Table 4. Physical properties of aggregates

Water

Density Fineness absorption
(@/emy modulus  ratio
(%)

Fine aggregate 257 2.1 1.57 2.83

CGS 2.56 3.16 3.49 2.28

Coarse aggregate 2.63 7.15 0.36 0.13

Passing ratio of
0.08 mm sieve
(%)

Type

Table 5. Chemical and physical properties of fly ash

Density Blaine %gr?iio(r)wf SiOz Humidity
(g/em®) (cm/g) ) (%) (%)
222 4012 340 47.44 0.10

Table 6. Physical properties of chemical agent

o ' Density
T Form Main ingredien lor
ype o] a gredient Colo (g/cm3)
SP Liquid Polycarboxylate Dark brown 1.06
phase
Liquid "
AE Naphthalene Whitish 1.04
phase
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20 rpm 30 rpm 40 rpm
Cerrem Dry
Fine m|>J<r|ng Concrete Dis-
aggrfgate = Water = S+P = charge
Coarse A+E
aggregate
30 sec 60 sec 90 sec

Figure 1. Mixing sequence of concrete

Figure 2. Proctor penetration resistance tester

18

NFIENTE

_

[==1

Figure 3. Hemisphere type durometer
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Figure 5. Improved type durometer
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Figure 6. Measurement method of durometer

Table 7. Shapes of the needle depnding on duroemter typs

Pressured !
Type Form Scal(eH [\)/)alue end Pro(tr)nem?lze
pressure(N)
FE—

A Cone 0~100 0.55~8.06 20.79
SR25

c ~—— 0~100  055~806 (SR
Hemisphere ’ ) Sphrical
Radius)

D Psin 0~100 0~445 SR 0.1
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Table 8. Comparison of the performance of test apparatuses to
measure setting time

Comparison
classification Penentration
) Durometer
resistance tester
Specimens wet screening mortar Mortar, Concrete
Surface
condition fo Without bleeding, smooth
mortar face ’
tested side
specimen
easiness in Uncomfortable Comfortable
handling
Weight 20,00 kg 0.13kg
. Turn the switch on
by pressing the
OFF/ON button. If
. Collect the mortar not 000, press the
specimen by sieving ZERO button to get
the collected concrete zero.
samples with 5mm. Press the measuring
instrument against
. Put more than 2/3 of the surface of the
mortar in a container. measuring specimen
as shown in Figure
. The penetration of 6 and insert it until it
the proctor every stops entering the
time you go through chin that supports
a certain process and the needle.
insert the needle into Record the number
the specimen to read in indicator by
Measuring the resistance. pressing h button
method Estimate the initial

. Calculate the

penetration resistance
value during the
penetration resistance
to the needle
diameter.

. Measure the

penetration resistance
value over time at
regular intervals, and
determine 3.5 MPa for
iniitial set and 28
MPa for final set.

set and final set
from the correlation
of the value of the
procter penetration
resistance with the
average
measurement of the
nearest distance of
10mm at the
hardness of the
Durometer five times.
Press the hold

button to zero, clean

the needle, and
press the OFF/ON
button to finish the
measurement.

ERH Zo]31, Figure 8 Figure 72] A}2EE CGS X8
£ FA 23k8- Hglo] WiE 247} ZAARS LERA Zlo|
o}, WA, FA X|gh&o] 37Itel wet -S-Z Aol A=
AOo= UEeREE=T], o= FA 2|gkgo] J7Rl0] mE AHE
EARF 40 71918 Ao BME) E3 CGSE ZHZA
2 X8t - Z83of| mE FHARES CGS A[gheo] 37
£ ot EX1E= AHo|ANh O FF IA] Yot A9

436



Table 9. Test results of concretes

FA CGS Air Compressive strength
replacing replacing S(:;Jm;) contents (MPa)

(%) (%) (%) 7 days 14 days 28 days
0 100 5.0 20.7 31.6 38.6

0 25 110 1.2 21.7 38.3 421
50 125 1.0 22.1 38.1 40.8
0 110 1.5 19.1 31.7 40.7

15 25 120 1.3 19.5 33.4 416
50 135 1.4 15.4 34.6 39.2
0 130 1.1 17.8 27.2 29.6

30 25 145 1.2 15.4 23.0 346
50 180 1.0 15.2 24.4 30.8
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Figure 11. Relationships between proctor resistance and
hardness by hemisphere and pin type durometer
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Table 10. Comparison of existing and modified type durometer

Normal Durometer

Sortation (hemisphere, pin) Modified type Durometer
' Equipment exchange is Measurements with one
Readiness ! ) :
required when measuring device
) Large value for initial set, Small value for initial set,
Convenience ) X
small value for final set large value for final set
) Frequent failures due to  Access block of cement
Failure
access to cement paste paste
4. 4 £
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