2528.

2529.

2525.

2523.

2530.

2525.



ASTM C 109-84 Standard Test Method for Compressive strength of
Hydraulic Cement Mortars (Using 2-in or 50-mm Cube Specimens).

ASTM ¢ 128-85 standard Test Method for Specific Gravity and Absorption
of Fine Aggregate.

ASTM ¢ 150-85 standard Specification for Portland Cement.

ASTM c¢ 187-85 standard Test Method for Normal Consistency of Hydraulic
Cement.

ASTM ¢ 188-84 standard Test Method For Density of Hydraulic Cement.

ASTM ¢ 191-82 standard Test Method for Time Setting of Hydraulic
Cement by vicat Needle.

ASTM ¢ 230-83 standard Specification for Flow Table for Use in Test
of Hydraulic Cement.

ASTM c 618-85 standard Specification for Fly Ash and Ray or Calcined
Natural pozzolan for Use as a Mineral Admixture in Portland
Cement Concrete.

Berry, E.E. and Malhotra, V.M. Fly Ash for Use in Concrete - A Critical
Review Journal ACI. March - April 1980.

Cannon, Robert . Proportioning Fly Ash Concrete Mixes for strength
and Economy , Jaurnal ACI, Vol. 65 Nov. 1968,.

Columna, Virgilio B. The Effect of Rice hull ash in cement and
concrete mixes. M.Eng. Thesis, Asian Institute of Technology,
Bangkok Thailand, 1974.

Darner, sjaiful Anwar Rice hull ash as a pozzolanic material M Eng.
Thesis, Asian Institute 6f Technology, Bangkok Thailand, 1976.

Goplaland, M.K. and Haque, M.N. strength Developement of Cyclincally

cured plain and fly ash concrete 13th ARRB/5th REAAA,  1986.



68

Hulett, L.D. and Weinberger, A.J. and Northcutt, K.J. and Marian,
Ferguson Chemical Species in Fly Ash Form Coal-Burning Power
Plants Science. Vol. 210, December 1980.

Jan - Yuan - he, Scheetz, Barry E. and Roy, Della M Comparison of Tuff
and Fly Ash in Blended Concrete American Ceramic Socity
Bulletin, Vol. 64, No.5, 1985.

Lane, R.o. and Best, J.F. Properties and Use of Fly Ash in Portland
Cement Concrete Concrete International Design and Construction,
July 1982.

Lea, F.M. The chemistry of Cement and Concrete  Third edition, Bell
and Bain Ltd., glasgow, Bangkok, 1970.

Lovewell, C.E. and Washa, George . Proportioning Concrete Mixtured
Using Fly Ash  Journal ACI, June 1958.

Mehta, P.K. Rice Hull Ash Cement _High - Quality, Acid - Resisting
Journal ACI, May 1975.

Meininger, R.c. Use of Fly Ash in Cement and Concrete Report of Two
Recent Meetings Concrete International Design and Construction,
July 1982.

Nasser, K.w. and Marzouk, H.M. Properties of Mass Concrete Containing

Fly Ask and High Temperatures Journal ACI, Vol.76, April
1979.
Satapathy, B.K. and Ramana Rao, D.v. Adsorption Difficieney of High

Carbon Fly Ash Research and Industry. Vol. 29. September 1984.
Washa, G.w. and withey, N.H. strength and Durability of Concrete

Containing Chicago Fly Ash  Journal ACI, Vol. 49, April 1953.
willianms, E.H.P. and Sukpatrapirome, Sompong. Some properties of Rice

Hull Ash  Geotechnical Engineering Vol. 2, 1971.



x-ray diffracion

X-ray diffraction

0.01 100 A°

'1
2
1. shell
shell
shell shell
(Intensity of radiation)
A
2.
ml
2
2 .3
50,000

Curvfed cystal monochrometer

monochromatic radiation



— K
= a
5 .
oy
5 i)
T o E
d
» o Kg
I ®
=N
=
C WY
€0
2
Q. >y
5 i
l: /)] M
20
c & N
c o 4
c H
AuE12AAY (A)
(wave length,?)
2 N
shell
b
2 3
J¥ -5
w
Co
o Increasing Ens:~y
- Loss of Bombarding
) Electrons
=
o
&
o
2
)
aNue13Aau (1)
(wave length,])
0

10

shell



71
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random powder 2
Rod method
0.3 0.5 . @m tragacanth '

X-Ray diffraction

Wedge  method

' (Jeffries Jackson , 1949)
2. Oriented aggregate method
deflocculating agent clay size
plane (001)
( X-ray diffraction

random powder

Oriented aggregate 4
1. Mg-Saturation , air dry sample
Mg-Saturated , glycerol solvated sample

K-Saturated , air dry sample

P w DN

K-Saturated , heated sample (500°C)

hydration
(Barshad , 1950 Norrish , 1954 Mielenz , et al.,1955)
X-ray diffraction
hydration
' (air dry)
Mg2+



15

! ? interlayer ??
K+ ? interlayer I
? (Heilman , et al-, 1943 , Mac BEwan , 1946
Walker, 1957)
' K+ 500" . 1
Hydroxy complex interlayer
{€3H5(0OH)3} interlayer
14° 17.7 A° (Mac Evan, 1944,
Bradley, 1945, white Jackson , 1947)
(Walker, 1950 ; Barshad , 1950) ?
2 ? ,
X-ray diffraction 4
i
X-ray diffraction pattern
X-ray diffraction pattern Geiger
Muller counting tube (0)
interlayer ? Bragg 2 ?
? (Cu) ? 1.54 A°
interlayer (d)
pattern X-ray diffraction pattern

.3, diffraction Pattern ?
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« .1 Ifim 730 1 1 X-ray diffraction

Diffraction Mineral  (or minerals) indicated
spacing
(A)

M-saturated, ail—dried
14-15 Montmorillonite, vermicultte, chlorite
9.9-10.1  Mioa (Jttite), halloysitc
12-75  Metahalloysite
1.15 Kaolinite, !orite (2nd-order meximum)

Mg-saturated, glycerol-solvated
17.7-180 ~ MontmorlLlonite
14-15 Vermiculite, chlorite
10.8 Halloysite
9.9-10.1 ~ Hica (lttite)
7.2- 15 Metahalloysite

1.15 Kaolinite, chlorite (2nd-order maximum)
~ Ksaturated, air-dried
14-15 chlorite, vermiculite  (with interlayer
aluminum)

12.4-12.8  Hortmori Llonite
9.9-101  Mica (lttite), halloysite, vermiculite

(contracted)
1.2-15 Metahalloysite
1.15 Knolinite, chiorite (2nd-order mexinum)

K-saturated. heated (500 c.)
14 Chlorite

9.9-10.1 Mica, vermiculite (contracted), montmorillonite

(contracted)
1.15 Chlorite (2nd-order madmm
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3075
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0832
9960

9163
.8433

7761

7143

.6570
.6040
.6546
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N 15405 &

48 54

(0.8) (0.9)
65.167 49.038
24,521 - 23.230
15.767 15.224
11.623 11.325
9.2060 9.0176
7.6220 7.4932
6.5054 6.4115
5.6755 5.41
5.0347 4.9785
4.5253 4.4800
4.1106 4.0733
3.7666 3.7354
3.4767°  3.4502
3.2291 3.2063
3.0153 2.9955
2.8289 2.8116
2.3349 2.6496
2.5196 2.5060
2.3901 2.3779
2.2739 2.2629
2.1690 2.1591
2.0741 2.0651
1.9877 1.9735
1.9087 1.9012
1.8363 1.8294
1.7697 1.7634
1.7084 1.7025
1.6515 1.6461
1.5989 1.5938
1.5499 1.5452
1.5043 1.4999

78



79

3 fa X- raj diffraction IAufm

dA Hineral dA Mineral
14 Mont. O§ Chi', Vera. 2.93-3.00 Felds.
2 Sepiolite, heated corrensite 2.89-2.90 Carty
10 I[Tite, HicaCy 2.86 Felds.
9.23 Heated \em 2.84 Carb. Chi.
| Kaol.CS). Chi, 2.84-2.87 ckl,
6.90 (. 2.13 Carb
6.44 Attapulglte 3.61 Attapulgite
6.39 2.60 \Verm, Sepiol.
4.90-5.00 1(%\ 2.56 I[lite CVSR Kagl.
470-4.79  Chlor. 2.53-2.56 Chlor., Felds., Mot
4.60 Seplol era.Co) 2.49 Kaol.
4.45-4.50 llite 0§ . 2.46 uartz heated Vera
4.46 KaoI 2.43-2.46 hlorite
4.36 Kaol. 2.39 Vera, Illite
4.26 guartz q 2.38 Kaol,
4.18 aol 2.34 Kaol.
4.02-4.04  Felds.CS) 2.29 Kaol.
385-3.90  Felds. 2.28 Quartz, Sepiol.
38.2 Sei)lol. 2.23 [1lite, Chi.
3.78 Felds. 2.13 uarz, Mca
367 Felds. 2.05-2.06 0. O ,
3.8 Carbonate, chi. 1.99-2.00 Mica, [lliteCS), Kaol. chi.
357 KooI 0%, Chi 1.90 Kaol
3.54-3.56 183 Carb.
3.50 Felds., Chlor. 1.82 arz
340 Cart 179 a0,
3.34 Quartz 1.68 arz
3.23%5  lllite 1.66 aolin
%%8 g?{h lgit %EEB \§a°"nc3) Qurtz
. apulgite ) era. (9,
321 Fel dp g 155 !
3.0 Hica 1.58 hI
3.19 Felds 08 153 Vera, Illite CTrioctahed)
3.05 150 111 €9), Kaol.
3.04 Carb 08 1.48-150 Kaol. CVS), Mont
3.02 Felds. 1453 Kaol.
3.00 Heated Vera. 1.38 Uartz, chl
2.98 Hica C 131, 1.34, 1.36 0. O
Italics: coory_spacing

(B) =broad; C -stron = very strong; G =weak; Mont. = Montmorillonite; chl. = chl.
\Vem = Vermlcullte Kao = Kaolinite; Carb Carbonate "Felds. = Feldspar; Sepiol. = Sepiolit



2.778

2.405

1.701

1.451

1.390

1.203

1.1036

1.0755

0.9819

0.9258

0.8504

0.8131

0.8018

4 X - Ray Diffraction Pattern

Mgo

2.431
2.106
1.489
1.270
1.216
1.0533
0.9665
0.9419
0.8600

0.8109

4.900
3.112
2.628
2.447
1.927
1.796
1.687
1.634
1.557
1.434
1.449
1.314
1.228
1.211
1.762
1.1432
1.1275
1.0599
1.0366

1.0143

Mg(CH) »
(Bractie)
d I
4.77 8
2.725 2
2.365 10
1.794 7
1.573 6
1.494 5
1.373 5
1.363 1
1.310 3
1.192 1
1.183 2
1.118 1
1.092 1
1.034 2
1.0067 2
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.5 X - Ray Diffraction Pattern

c3s

3Ca0.Sio2

d I
5.901 4
3.862 3
3.510 2
3.346 2
3.227 1
3.022 8
2.957 6
2.891 3
2.818 1
2.776 10
2.730 8
2.670 1
2.602 10
2.549 1
2.449 3
2.326 6
2.304 5
2.277 2
2.234 1
2.185 10
2.159 1

C3S

Alite

3.861
3.517
3.334
3.144
3.022
2.959
2.880
2.804
2.764
2.739
2.682
2.592
2.436
2.313
2.178
2.172
2.089
2.060
2.028
1.973

1.928

c2

2Ca0. Si02

4.69

3.87

3.41

3.15

3.02

2.88

2.83

2.76

2.71

2.54

2.46

2.35

2.035

2.208

2.129

2.072

2.052

2.008

1.971

1.935

1.870

2Ca0-Si02

4.74

4.63

3.83

3.40

3.14

2.89

2.81

2.76

2.75

2.69

2.63

2.36

2.28

2.23

2.200

2.137

2.082

2.035

1.965

1.939

1.914

c2

10

10

8l



.6 X - Ray Diffraction Pattern

c2 c2 CaAF
2Ca0. Si0?2 2C20.50, 4C0. A|A - Fep

d | d | d |
1920 1 5,265 § 1.0 5
4645 1 4320 b 3.63 3
3790 3 1,047 2 339 1
3380 1 3,794 TN ;
3335 1 3,354 ) 2.67 7
3000 1 3002 10 263 10
3040 2 2,881 ) 257 2
2874 2 2728 10 243 1
2778 10f  2.525 ) 220 1
2.740 10 2.508 ) 215 3
2714 1 2,460 ) 204 6
2607 10 2.320 P~ 1 g ;
2544 3 2,243 ) 1.86 2
2448 & 2.186 ) 181 4
2403 4 2,024 ) 1T 2
2279 3 1,963 ) 157 4
2189 6 1928 8 153 4
1163 4 1.878 ) 151 1
2128 1 1800 6 150 0
2088 1 1.751 6 145 1
2044 2 1,685 8 142 1



.7 X - Ray Diffraction Parttern

c-S-H

Calcium silicate Calcium silicate  Afwillte CoL 2Ca0.Si02

hydrate (1) hydrate (I1) hydrate
(C SH(A))

d I d | d | d I
9-14 10 9.80 9 6.45 8 5.35 3
3.06 10 4.90 2 5.74 8 4.63 1
2.81 8 3.07 10 5.08 5 4,22 9
1.83 8 2.85 5 4.73 8 3.90 8
1.67 4 2.80 9 4.15 5 3.54 8
153 2 2.40 4 3.91 5 3.21 10
1.40 4 2.20 1 3.75 5 3.04 3
1.17 1 2.10 1 3.28 5 2.87 8
1.11 2 2.00 6 3.19 10 2.80 8
1.07 1 183 g 3.05 5 2.1 Q
This is the 1.72 I 2.84 10 2.71 3
data for the 1.62 1 2.74 10 2.69 2
poorly crystal-  1.56 5 2.67 5 2.65 6
line material. 140 4 2.59 5 2.60 8
The long spacing 1.225 3 2.44 4 2.56 B
can vary consi- 1165 3 2.35 6 2.52 6
derably and may 1100 1 901 5 2.47 1
also be undetec- 1.045 2 2.21 5 241 9
ted. 1025 1 1.145 8 2.31 !



Measure condition

COUNIS
1000 . e e
Target Q
\Y 45.0 KW

Start angle 30.0 nA

Stop angle 5.00 deg.

Step angle 70.00 deg.

M time 0.040 deg.

erator 0.50 sec.
Mamo

—2 53R
1
-1.622

2.448

1=

-5.912
—-4.251

—3.854
=1.53%5:9

—-3.528

w
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!
-3.822
—_—————  ——0 =27
—2.684
-2.6@2
-2.181
—1.783
-1.488
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50.0 5.0 GP.9" 65.0
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5.0 9.0 15.90 20.89 25.9 38.0 35,8 48.9 5.0

zﬂﬁ N.5 WA X-Ray Diffraction of Portland Cement
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1. ! ( 2528)
2. ( 2523)
3. ( 2530)

|
4. « 2532)
1
1 ) 3

1. Si02 + A1203 + Fe203
(1) , (2) 5 (3) (4) 35.25 , 46.00 , 78.27 62.30

ASTM C 618 70



(2, @O, (4)
ASTM C 618
N 5
03 2.80
2.35
1
03 6.33
3.
4 39.46
CaO

CaO

11.46 , 2.80

(2530)

, 11.92

86

, 2.35 , 6.33

03 , 4

}
2523

03

ASTM C 618

G0 1 . (2
25.6 -

5 (3)
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Si02
Als°3
Fe2°3
°3
C0
MO

K2°

(2528)
(1)

12.03
5.89
17.33
11.46
39.46
4.59

0.78

(2523)
(2

46.00
46.00
46.00
2.80
43.00
3.2
1.2

(2530)
3)

35.43
28.27
14.57
2.35
11.92
2.13

2.48

(2532)
4)

29.90
15.90
16.50
6.33
25.6
1.30

2.38
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