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Abstract

The aim of the research is to analyze a feasibility of rapid evaluation method for cement fineness by the relation
analysis between density measurement using hydrometer and fineness of ordinary Portland cement. Additionally, based
on the commercially available cement product, relation between a series of fundamental properties of cement mortar
and fineness of cement powder was analyzed. As an experimental result, the actually measured fineness value of
cement powder showed a good correlation with the fineness value obtained by hydrometer while there was poor
correlation with the fineness value on specification. Especially, the density measurement in three minutes showed the
closest relation with cement powder fineness, thus rapid quality evaluation of cement powder can be possible by using
the regression equation obtained from the three minutes density measurement. Additionally, there was a high relation
between cement powder fineness with a fundamental properties of the cement mortar such as fluidity, air content,

setting time, and strength development.
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Rapid Evaluation Method for OPC Fineness by Hydrometer and Influence of OPC Fineness on Properties of Mortar
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Table 1. Experimental plan (Series 1)
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Table 3. Physicochemical properties of cement

Factor Levels
Experi- Sampling timing 20 Products from cement plant No Dens@y Finerzwess L.O. MgO SOs
ment _ By specification © (gom?) (emg) (%) (%) (%)
variable Flﬂeﬂ.eSS data 2 by actual measurement 1 3.13 3 740 2.99 243 2.78
Meas“”(”c%)cy“”der 1 1000 2 3.13 3 700 2.99 252 269
Hydo-  Binder weight 1 0 3 3.13 3 750 2.83 221 283
meter (o/L) 4 3.13 3 753 2.96 2.36 2.75
tests Hydrometer value 5 3.13 3 770 3.16 2.32 258
reading timing 5 1,23 4,5 6 3.13 3 800 2.92 2.36 2.80
(Minute) 7 3.13 3 820 292 238 255
8 3.13 3 797 2.80 222 255
Table 2. Experimental plan (Series 2) 9 3.13 3 6/0 2.76 228 261
10 3.13 3 820 2.77 2.39 2.62
Factor Levels 1 3.13 3 830 2.69 2.35 258
w7 CS("/) 1 1530 12 3.13 3 700 2.92 254 2.60
S 5 amses. 8 0 35 B B 2

(time) ame as Series 1. . . . .
Flow 15 3.13 3 640 2.68 2.38 2.68
Fresh mortar 3 Air content 16 3.13 3 830 2.73 2.34 2.63
Experi- Setting time 17 3.13 3 724 2.77 2.27 2.65
peri ;

ment Bending_strength 18 3.13 3 700 2.63 227 2.57
Hardened mortar 2 Compressﬁedi{fength 9 313 3715 263 227 257
(3,7 days) 20 3.13 3 723 2.79 2.35 261

430



Table 4. Physical properties of crushed fine aggregate rgfn 125 rpm Aging r1pzr?1
Solid volume OPC | _, m[i;?rlwg - M&’Qﬁ? - — | Dis-
Densilgy Water absorption  Passing ratio of percentage for + + absorp- Mortar charge
(glem”) ratio (%) 0.08 mm sieve (%) shape determination Sand Water tion)
%
30 sec 30 sec 90 sec 60 sec
2.53 1.12 4,90 54.8
Figure 3. Mixing protocol for mortar
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Figure 4. Correlation between fineness on the specification
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Table 5. Tset results

; . No Fineness (cm%/g) Hydrometer Density (Minute)

Figure 2. Testing process ' Specification Measuremen 1 2 3 4 5
i 3 740 3245 1042 1030 1017 1009 1003
2.3 Alsiupe 2 3 700 3624 1046 1032 1023 1013 1.005
v =8eH 3 3 750 3 655 1042 1.033 1023 1.014 1.006
Series 12] AlFo 2 MA] A} EoFel LT 2 4 3 753 3421 1047 1031 1020 1011 1004
- °l d9 s i °—’j° e A 5 3770 3765 1047 1034 1026 1.016 1.007
AEE= AR A0 F7)5 Ao i, A= Bdn 6 3 800 3750 1046 1034 1026 1017 1.008
. N _ 7 3 820 3647 1046 1032 1023 1014 1005
KS L 5106(Blain 37| SF2FgA))of whet G Alupch Ad 8 3 797 3715 1047 1035 1026 1016 1008
. S sloirl OBl T AlE ol as] e 0. s 9 3 670 3846 1049 1037 1028 1019 1010
ol A Sotolnt. dALEAE ofgeh BeSg2 A1 10 3 820 3671 1046 1033 1024 1016 1.007
o A ZFoa otz mAARIE 2 11 3830 3635 1043 1032 1024 1015 1.006
AH4,5,6]0l4 2H o _eﬂi 3 Hl2AE 1 000cco] Al 2 3700 3314 1042 1030 1019 1010 1004
HE A2 100gS Y& & w24y 1L S99/ &2 13 3 690 3726 1047 1036 1.026 1.016 1.008
i . o 14 3 745 3637 1045 1033 1024 1015 1007
AP Yo the wiAAY QS Wast H 153] AlspHbd 15 3640 3773 1047 103 1026 1017 1008
s . _ = . 16 3 830 3419 1044 1032 1020 1011 1005
e o] TIARIL S 9= 5 SA] 2EUEA 63, 7 3724 3734 1047 1034 1025 1016 1007
Typeo] MHUEAS goll Z710] =] uf 13 ) 18 3 700 3267 1045 1032 1017 1010 1.002
A Typee] HAR=AS Oﬁ?LM} Hel o e 19 3715 3461 1043 1.033 1020 1.011 1005
2 25100t} 2 ABL 35] 24 T Hagtod loliy), 20 3 723 3771 1048 1.036_ 1027 1018 1.009

Figure 2= 4% 54 2ot}
Series 20] AlgMlow magao) sRke KSL 5109 o REEAIL H 4

ofl 975107 Figure 33} 7 x4} A7koz Aeiala,

Zato 24 e maraoy ZaE KL 5111, 31 EBEII JHSY 24 (Series 1)

7S KS F 2421, S 2A7R KS F 27639 2751
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Table 6. Regression equation obtained from the result

(1) Relationship between hydrometer density and specification fineness

y=ax+ b (R
type a b R R
1min - 54002 9 391.4 - 001176 0.1084
2min - 9 3432 13 399.6 0.06133 0.2476
3mn - 6805 4 4421 - 0.05386 0.2321
4 min - 8353 4 592.9 - 0.05352 0.2313
5min - 26108 6 3728 - 004577 0.2139

(2) Relationship between hydrometer density and measurement fineness

y=ax+ b (R
type a b R? R
1 min 585 609 - 576 183  0.42859 0.6547
2 min 750 043 - 748238  0.66973 0.8184
3 min 54 4932 - 52 1532  (0.96696 0.9833
4 min 50 9939 - 57 2416 093259 0.9257
5 min 813916 - 782920  0.83839 0.9156
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Measurement fineness {cm’/g) Measurement fineness {cm/g) Measurement fineness {cmi’/g) Measurement fineness {cn’/g)}

Measurement fineness {cm*/g)

¥=585 60 0x—576 18.3
{R=0.6547)

¥=750 04.3¢«—74 823 8
(R=0.8184)

2000 L L L L L L 1 1 1 L L

=54 403.2x-52 153.2
(R=0.8833)

000 L L L L L L 1 1 1 L L

=50 003 0x-57 241.6
{R=0.8257)

=81 381_6«—78 202
(R=0.8156)

Density {g/cm®)
Figure 6. Relationship between density and
measurement fineness

1.00 1.0 .02 1.08 1.04 1.05 1.06

433

OPC manufacture

!

Brought to the
remicon plant

|

[ J
[ J
( Sampling OPC |
[ ]
[ J

!

Put OPC 100g in the
me=z=scylinder of 1000cc

I

Fill the messcylinderwith
water up to 1000cc

|

Block the entrance of the )
messcylinder and blend 15
times with the upper and
lower motion

!

Measure the hydrometer
density of the 3 minutes

OPC
finene=s
acceptance

[ Putitintothe OPCsilo |

Figure 7. Flowchart of suggesting the rapid evaluation method
of OPC fineness

5 WEA 18~58 Wi glote) AR R -
0.1084~0, 2139& i} $- % @h_xg% Uehfigict sl
Al=

~ 0,9833°0=2 158 AR *é:% Uehlid=d], £3]
ko] AlAIGoA R = 0983308 71 =8 AlkAo]
R, whba] A (D2t o] 38| ekl W gt
HU}'E—J Q:HA]O §:]—.Q_‘cﬂ-7:lo oﬂxﬂtﬂEﬁ]E /\]_.Q_i:s_ OPC
Hwol Ak 4 WPt 7hsd AR wE I
v = 54 493.2x — 52 153.2 (1)
71 y 1 AHES] B (em’/g)
x © HBYUEAL] 3B UE (g/cm’)

J#ERE B o= OPC AzA 2 OPCE gt



Rapid Evaluation Method for OPC Fineness by Hydrometer and Influence of OPC Fineness on Properties of Mortar

R3] 9Jal] OPC Exwo
Bl o gy AAUEAE o] g3t
Figure 72} o] A|Qketarz}

w

2 BUEe REE}

M2 A (Series 2)

o} o

3.2.1 A ¢ EEg=2
HAFR] A2 2004 = AHIES] By} W 2ERE O]
of mjX= Gk FA5] Rt Aok, WA £4] ¢
E}20] EA O Figure 8, 9 @ 13, 14= Hu|&
Yar=l= OFC Al 203]9) Ag2Aid 9l A5 e
4 7] ARAIE b Tefazol, AdEA
o} Z8 9 I8k R = 0,2335 9 0,23000.2
o] A9| gliz AR Vet Wi AS 9
OPC =7} 25 Ad571l 7108t S22+
HlE| o R Frlehal, 37| 3= 4 Aale] 7]elste]
3lo)sk

— =

il
i

flo

4
3

0y

oM. oX ox {0 o
T’ e

ol Xe)
Hagke

EE2N

o=

AN

Ul 24

SRS AAS Vel 2
Hesh 245 ahi o] Zrfo]
e 2 213 4 9)

A4 0.9676 2 0.9817%

by

-

M H
i r

o N
£ o
2

32 T
o

il

52
Fl[‘
__‘1‘1

5

=

fo

2 ol
i

ox
-
S
2,
i)

d

owE

I

UERRTHSI.

3.2.3 A3A EA4
Table 72 Figure 8~172] A& Ao st

434

2 A R 4% Boee mEEE B4 23
AURAS el Folek

Table 7. Regression equation obtained from the result

1) Relationship between mortar properties value and specification

fineness
y=ax+b (R
Type a b R R
Flow - 0.005 213.043 - 0.05452 0.2335
Air content - 4136E-4 5929 - 0.05288 0.2300
Initial - 8791E-5 5227 - 0.05528 0.2351
Setting time
Final - 9562E-5 7792 - 0.05528 0.2351
3 day - 0.001 16.895 - 0.01286 0.1134
Bending
strength
28 day - 6.263E-4 8934 0.02125 0.1458
3 day 0.001 25686 - 0.03398 0.1843
Compressive _ _
strength 7 day 8.812E-5 32.722 0.05552 0.2356
28 day - 2.369E-4 43837 - 0.05549 0.2356

2) Relationship between mortar properties and measurement fineness

y=ax+b (R
Type a b R R
Flow 0.052 11554 0.87036  0.9329
Air content - 0.002 13.103 091839  0.9583
Initial - 0.002 13858 093618  0.9676
Setting time
Final - 0.002 10.761 096379  0.9817
3 day 6.289E-4  4.321 0.76827  0.8765
Bending
strength
28 day 0.002 2904 081234  0.9013
3 day 0.003 21.31 0.70776  0.8413
Compressive
strength 7 day 0.004 18837  0.7166 0.8465
28 day 0.009 11334 093067 0.9647
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