41

4.2

Stitmamaithum 111

(Mixing Intensity)

(Viscosity)

Lapasin 134
(Thixotropic behavior)

(Yield Stress) stitmannaithum1

Tattersall1®Bl

(Irreversible  structural ~ breakdown  process)

41
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Stitmannaithum [li 1

(Optimum Mixing Intensity)

f
Stitmannaithum(J]
L IE _=nE
in,mix in,sp == np in,sp 4.1
st
Tne¥
in,mx
sp
Yo
Ein.xp
4.1)
=10
4.3 )
0.26
0.23 - 0.30
ASTM C230-90
4.2 .
Stitmannaithum

Stitmannaithum11 (Normalized



flow value)

59

4.2 4.2
(Least square method)
(Coefficient of variation) = 0.93
Flr- -0.465(Log(M/))2+ 0.779(Log(M/)) + 0.662 42
Flr
MI
4.2)
An=0 4.3
d(MI) 3
(4.3) (Optimum mixing intensity, OMI)
=6.90 / Stitmannaithum11
7.38 /
Stitmannaithum[l] = 6.5%
= 2900 . J
stitmannaithum1t = 3350 )
4.4
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Popovic 1R

Asaka H

Marshall13L

(Flow Cone Method)

ASTM C939-94a ( )

(Capillary Pressure)

4.3

(Normal Consistency)

Masood and Agarwal [ !

0.26 - 0.35
( Sikament FF)

4.3

70

Roy and



n

FI e=A-exp(-5a) (4.4)
A,B
a
4.1 .
(4.4)
= 4-exo(—(8(oa1)’ +c- 1))
FI, =A-exp\—\B(MI)" +C-MI (4.5)
AB,C
[ 42
1800 Stitmannaithumm
1800
5%

Murata and Suzuki 18



+ 5%

ASTM C939-94a +0.5

(4.5)
4.4.2
4.6
2
4.8
!
( )

4.5

ASTM C305-94
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4.4-4.5
4.3
4.4
4.7
we o %
4.8
4.5



ASTM C305-94

ASTM C191-92
4.6

4.6

( ASTM 0191 -92

45

451

( 3) 4.6

<Pred=1-0.137 0.66
( 1

KUK = Wi

ASTM C305-94

ASTM C305-94

ASTM C305-94

3)

ASTM C305-94

4.7

(4.6)

4.7)

73



Xsp (

max « *

Landau,Verwey, and Overbeek)131

DLVO

E in,%SP = ared (Ein Sp )

ared=P\P|

2

(Tribology Theory)41

DLVO

74

(Derjaguin,

(4.8)

(4.9)
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Ens
ard (Reduction factor)
Ei'n 1%5%)
1?1
1?2
1?[
/1?2 =1.0
1?1
2
E=r,-r, 410,
1
1
Y
(4.6) (4.7)
( N
7 sl woo T (4.11)
k w,.0) P)
k
,n0
Y

vyc=1-0 .38*51,'0'22 (4.12)



X

P2

1?2 1 ®'x SP

a——1.33+ 9.00(w/Cj—412.09

I¢j2

h=-2.93+ 21.57( Ic)- 32.88( Ic)2

linear)

[2=1- amXxD
N2=1- 1.1a

3=0.89- 4.08*("/)

a=-041

( 4.2)

=10%

32

'x 50 < 1.1%
X o> 1.1%

(>% )<0.32

A)>0.32

1.1%

=0.32

76

4.13)

(Bi-
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45.2
4.9 NCY
(4.13) 4.9
+5%
4.10
22 '
( (4.14)) 4.10
+7.5%
4.6
46.1
(Lean Mix) (Rich Mix) =
0.25
(Lean mix)
ASTM C109-95 ( M1 4.1)
ASTM C109-95
( M2 , M3 M4 4.1)
Jeff and Hamid A
25 5 ASTM
C939-94a
411 -4.14

411 - 4.14



fn,mix

i)

1.6%
(
4.6.2
Stitmannaithum'i.
(4.1)
(4.8) (4.1)
(y \
IEin,mix Nin26SP ~ np” in® SP
\Y
"¢ | cdf
4.15 - 417 4.7

(416)

16

1.1%)

( £|n ,gosp )
(4.16)
(4.8)
(4.6)



4.7

Stitmannaithnum
1 - 40
80%
41
( 4.16) 4.18
4.18
4.18
Stitmannaithum11
80%
80%
4.8
1

stitmannaithum'

(4.16)

Stitmannaithum?'
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41 f
Mix No. Sand Cement
(@) (9) (@)
M1 - 7440.1 2705.5
M2 - 6298.6 3464.2
M3 - 6087.7 3348.2
M4 - 6980.4 2869.7
C3 930 836 413
4.2
( Sikament FF)
(% )

0.6% - 0.8%
0.7% - 3%

Water

(@

1312.2

1505.4
1622.4
1434.9

165

%

0.485

0.43

0.48

0.50

0.40

0.21%-0.28%

0.25%-1.1%

0.28

0.30

0.35

0.32

0.29

%

Vary

Vary
Vary
Vary

Vary

81

Remark

Standard Moitar
(Lean Mix)
Rich Mix
Rich Mix

Rich Mix

Stitmannaithum11
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0.26

' 0.28

0.30

0.35

%P

0.4
0.6
0.8
10
12
14
0.4
0.6
0.8
1.0
12
14
0.6
0.8
1.0
12
14
1.0
12

14

, Fline —A-exp( - {b(m i')2+ c oM ))

A

302.439

285.610

230.613

218.781

263.681

293.100

112.522

83.340

87.504

85.561

81.158

78.496

42.593

42.715

40.009

40.300

38.975

23.437

23.273

22.987

3.122

2.878

3.358

3.354

4.054

4.124

2.110

1.452

1.293

2.085

0.828

2.239

0.565

0.606

0.687

0.665

0.675

0.075

0.139

0.379

C

-4.636

-4.476

-4.542

-4.489

-5.233

-5.430

-2.886

-2.175

-2.206

-2.724

-1.947

-2.661

-1.006

-1.086

-1.016

-1.063

-1.022

-0.499

-0.557

-0.646

oM
(Whil)
5.04
4.79
3.92
3.67
3.63
3.78
4.83
4.12
3.68
3.73
3.59
3.63
3.83
3.44
3.23
3.08
3.04
3.13
2.86

2.89



ASTM C305-94

44
%SP 0 0.2 0.4
0.227 0.220 0.212
We
4.5
/6 e
(

0.26 0

0.26 0.4

0.26 0.6

0.26 0.8

0.26 1.0

0.26 12

0.26 14
0.212 0.4
0.204 0.6
0.199 0.8
0.195 1.0
0.193 12
0.193 14

0.6

0.204

/)
5.53
1.79
2.20
2.30
2.04
2.19
1.89
7.10
7.42
5.97
6.24
5.37

6.82

0.8

0.199

10

0.195

( n

6.90

5.04

4.79

3.92

3.67

3.63

3.78

4.98

4.43

4.59

4.62

4.61

472

12 14

0.193 0.193

ASTM C305-94

33



4.6

0.260

0.220

0.212

0.204

0.199

0.195

0.193

0.193

0.26

0.26

4.7

Mix No.

M1

M2

M4

%P

0.2
0.4
0.6
0.8
1.0
12
14
0.6

0.8

%P

0.4

12

0.4

12

0.4

12

ASTM C305-94

75

76

79

100

118

128

133

134

207

245

/
| cff
0.28
0.28
0.28
0.30
0.30
0.30
0.32
0.32

0.32

-
~

0.23

0.23

0.23

0.31

0.31

0.31

0.26

0.26

0.26

67
88
90
143
127
132
139
141
189

234

B

6.90
4.23
3.39
6.90
4.09
3.17
6.90
4.07

3.01

4.8)

84

ASTM C305-94

E 11

1.59

0.97

0.78

2.14

1.27

0.98

1.79

1.06

0.78

4.14)



/ﬁ _
\U
Particles in Membrane

contact envelopes Membrane
particles bridge
/ ruptured
Dry cement Cement e
powder powder in water

CEMENT PASTE
DURING SHEAR (1)

Membranes approach
closely to position

“_ ..
of minimum
Membrane repulsive energy
heals

SHEARED CEMENT PASTE
AT REST

CEMENT PASTE
OURING SHEAR (2)

()

(Irreversible structural breakdown process)@

Unhydrated surface

Water meml3rane

Entrapped water

Low mixing intensity Optimum mixing intensity High mixing intensity
() 0

41
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Flow Diameter (mm)

Normalized flow

86

250
200 |
Cg ..... B-...... %

[ DAD "-.D
150 i
100 |

[ —e— w/c=0.238
50 ~-o- w/c=0.260

I —ea— w/c=0.280

* ~-w- wW/c=0.300

0 " M L L N - 1 " N "
1 2 3 45 8 10 20 30 4050 80100
Mixing Intensity (Wh/I)
(n.) AndutinugugnansinauasssauANdiNTaINTHAN
12
1
0.8
06 |
0.4
0.2
0 | 1 1 1 L 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 18
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Flow Time (s)

Flow Time ()

4.3

87

160 - — -

140 @ y —0— Wic=0.26 , %SP=0.4%

) A
120 3 - - Wwc=0.26, %SP=0.8%

100 X

——w/c=0.26 , %SP=1.2%

80

60

o—a9
-A

40

20

Log (MI)

160 "1

140 -
¢ w/c=0.26 , %SP=0.6% j

120 - —®-w/c=0.26, %SP=1.0%
100 4 ow --W/c=0.26 1%SP=1.4%

80 J

60

40 -

20

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Log (M)



Flow Time ()

Flow Time (s)
2
%

w/c=0.26, %SP=0.4 %

ABO 9

_ Log (OMI)=0.702

Q-“Q L LI O L L LI 7 7 LI I LU . ot O 77 L TN O T RO NN O L AN N SN N A N
N 0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Log (MI) (Whl)

(n.) szaznanI auaTsTAUANNENTBINITHAN

w/c=0.26, SP=0.6 %

Log (OMI)=0.680

(T ] PR 0 I TR VA YRRy TR s N DA WY (SO O VI (DA L, R L TR |

Q“Q B T [ P [ e I G ([ PR N A N OB PR O A G5 i Y [N N TN O W PR N RN SN EL IV M RELRN |

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.
Log (MI) (Wh/l)

(.) SRS IMAUALTZALANIENIBINTNAN
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Flow Time ()

Flow Time ()

w/c=0.28, SP=0.4 %

2
2

-
e
%

2

%

[5)]
o
(<]
o
§ TN M WL (g SN TR (oW M) S [ D (O (SN DRy bt KON L Wi Vo) (Sl B

%
%

Log (OMI)=0.684

et il

G
%
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IIllIllllIIIIYIIY]IIlI'IIIII‘1|IIII|IIII

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Log (MI) (Wh/I)

()

w/c=0.28, SP=0.6 %

Log (OMI)=0.615

(U N U N0 VoS Tl R W D0 WO [ ) W (o K e fo P Gl TN 0 W e T W VN Y S 7 o L O 0 ¢

TTTTrTTrTTT 153 B 78 O GO M it o o L S G B 2 R B I B O B R R R W R D R O B R RRORR g R B b B

0.2 -01 00 01 02 03 04 05 06 07 08 029
Log (MI) (Wh/I)
()

| (Wc = 0.28)
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(op)

ULy

Wurhugudnananistua (un.)

250 -

250 1

200

150 -+

100 A

50 +

4.6

0.2

0.2

0.4

Wc=0.220 %SP=0.2%

— — w/c=0.212, %SP=04%

U‘G'IOg (MI)O'B

| -8 wW/c=0.199,%SP=0.8%

—*— w/c=0.204,%SP=0.6%

1.2

1.2

1.4
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200 N .
180 - L AR,
*
180 -
g 149
&
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=
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§ 100
S
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=
L
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0 02 04 06 08
Log (M)
0 - = e 2~ PN
20
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5
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08
Log (M)

* wic=0212,%5P=0.4%
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Normalized flow value

1.2 4

0.8 -
06
04 -

02 4

0 0.2 04

1.2

08 4

0.6

04 J

0.2

0.2 04

O'Bl_og (MI)O‘B

"6 LOj&l)

| © w/c=0.220,%SP=0.2%

| O w/c=0.204,%SP=0.6%

A w/c=0.195,%SP=1.0%

0 wlc=0.212,%SP=0.4%
1 w/c=0.199,%SP=0.8%
A wlc=0.193,%S5P=1.2%

1 12 14 16
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Normalized flow value
o
D

06

02 04

()

| & WIc=0.193%SP=1.2%

a W/c=0.193,%SP=1.4%

06 08 12 14
Log(M)

48( )
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0 w/c = Ws
3
= 7
£ w/c=0.26
g 6
= w/c=0.28
E 5
€ w/c=0.30
3 4
£
2 5 w/c=0.35
(@] .
o 2
o
g 1
o

0

Tested Optimum mixing intensity
T
(¥R
( (4.13))
o0 w/c =
g -
@ - 7 O wic=0.26
2 | .
= !
gl 6 A w/c=0.28
£
X
X 5
£ O w/c=0.30
g 4
£ 5 O w/c=0.35
S o>
o] 2 i N
(] K
© 1 o +7.5% Proportion defective
8
o 0
0 1 2 3 4 5 6 7 8

Tested Optimum mixing intensity

4.10
( (4.14)
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Compressive strength (ksc)

Flow Diameter (mm)

600 T T
550 - ; Sl
i
500 - / \
i Ak ::3 \g 1
450 1 e
——— o =g
- — ——0
400 4 S _®/
5 S e (T
350 A o
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200 - —o— %g=0%
—© - %5=0.4%
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0 v - A A ' " 1
1 2 3 5 8 10 20 30 40 50 80 100 200
Mixing Intensity (10" Wh/I)
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\ \
w b\ N
120 A NS \&
N
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’—\\‘N‘\\ o
—o— %g=0% “m
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90 4 .
80 : .
1 2 3 4 8 10 20 30 40 50 80 100 200 300
Mixing Intensity (1 O'1Wh/l)
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411 ML
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2 400 ~
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L 300 A
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S 200 9| o % ,=0.8%
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E 180 1
®
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Compressive strength (ksc)
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Compressive strength (ksc)

Flow Diameter (mm)
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Mixing !ntensity (10”' Wh/l)
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600

Compressive strength (ksc)

Flow Diameter (mm)
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Mixing Intensity (107" Wh/l)
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