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An Experimental Study on the Mechanical Properties of Fiber
Reinforced Fly Ash - Lime - Gypsum Composites
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Abstract

The results of an experimental study on the manufacture and the mechanical properties of
fiber reinforced fly ash - lime - gypsum composites are presented in this paper. The composites
using fly ash, lime, and gypsum were prepared with various fibers (PAN-derived and Pitch-de-
rived carbon fiber, alkali-resistance glass fiber) and a small amount of polymer emulsion-styrene
butadiene rubber latex (SBR).

As the test results show, the manufacturing process technology of fly ash-lime-gypsum
composites was developed and its optimum mix proportions were successfully proposed. And the
flexural strength and toughness of fiber reinforced fly ash - lime - gvpsum composites were
increased remarkably by fiber contents, but the compressive strength of the composites were
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influenced by the kinds fiber more than by the fiber contents. Also, the addition of a polymer
emulsion to the composites decreased the bulk specific gravity, but the compressive and flexural
strength, and the toughness of the composites were not influenced by it, but were considerably

improved by increasing fiber contents.

Keywords

: fiber reinforced fly ash - lime - gypsum composites, polymer emulsion, optimum

mix proportions, compressive strength, flexural strength, toughness, bulk specific gravity
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Table 1 Chemical composites and physical properties of fly
ash

Chemical Compositions (%)
Igoss | Si0; | Ay | Fely | Ca0 | Mg0 | SOy | NaO | Towal
363 ] 8.0 | B | 4% il 0.% 1.0 02wy

Sue ’ Specific Blaine's Specific Water Organic
! Gravity Surface Area Content
(om) 1 (20°0) fem'/g) %) [mpurities
<t | ou 31 <l None

Table 2 Physical properties of gypsum

Set:ing Time (min—sec) Wet Strength (kg /cmg) i Specific

) ) ‘ ) Compressiy Tersile Gravity
Initial Set | Apparent Final Set | Final Set presave . e b V !
Strength | Strength ¢

15-16 16-18 Y- 13 185 275

Table 3 Physical properties of fibers

Type Average Average Specific Young's Tensile

of Dhameter Length Cravity Mmiuu.s Streagth
Fibers {um) {mm) (Mol b kg o)
PAN-CF | i ) 1 B
Pitch-CF 145 ] 163 18 T80
GF 11 13 i 260 39 20 B
Table 4 Properties of polymer dispersions
Type of Specific PH Viscesity Total
Polymer Appearance Gravity mPa-s Solids
Dispersions {90 e o 1%}
‘ iy ot
SBR Coarse Particles, | 1,00 8 W7 b
Cagula and the others |

(4) E2lv] FAA) : 2o Badas g8 H
}\}' z‘"‘ﬁ"gl SBR Oﬂ {’_{i}a *}%‘5}%9«“{, %EJI}]
Akl 9] A8 Table 49 ¢},

2.2 HHEN W A|E by

(1) gk g 71y

IRE SO AN Ao B2 g

T3 HAAEEE B BN EEE Al %)
of WY MRS HAHG L, 460

H 5 4% 1993.12.

Edolof+ - 3] .

59} 3ol sltxon, éiw"rﬁ’-"o" e ”11%’:] Feto]
o4l - M5 - Mar 2galel wlste Table 63 7
o] stk =3, WS Bk 109 "i%"*&%
G4 % Omm Mixer& AME-8l o, vl 4)A7]

A S E-(Fly Ash, 3] Aa)sla, 13

589 0) 38 H]“] F- 2212 /8 £Yste] 3~

44 }‘” '6P°4 Ht 1083 8ol
(2) FA1a o] Al @ A guby

v¢ - Al Ee

Ve
X

KSL 51059 =8t 8§ahan 9F
e Ald e KSL 510590 sl 5.()8)(.).08><5.
08cme] 1 FAIAIE A zsto] st
A1 E-L2 JIS R 520190 8lad 4x4x16cm 34
1;]-,,_ Aapsted JEF 19 B2 M AYAS &
279 F2 FEYAYE ) F AR Sa A E
Ql 25t #-2ke] Computer Controlled Universel
Testing Machine-& A}, A8 A8n &5 (0.5
mm /min®] W9} Alofra] e 2 3% g A3 of
olaf fm g Halkd -2 WA H s

Table 5 Mix proportions of fiber reinforced fly ash - lime -
gypsum composites

Mix Proportion (by wt_) Fiber Content (val.%)
PAN-CF, Pitch-CF, GF

0.5 10,15

Fly Ash | Lime | Gypsum | Water
60 2 13 4

Table 6 Mix proportions of fiber reinforced polymer - fly
ash - lime + gypsum composites

Mix Praportion {by wt.) Fiber Content (vol %)
ﬁyA;h Lime f Gypsum | Water | Polymer PAN-CF
B by A 13 46 0,5.10.15 503 >X.O, 15
G A 10 4 0.3, 10.15 )05, L1015 B
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Table 7 Compressive and flexural strength of fiber 600}
reinforced fiy ash - lime - gypsum « composites
Typesof | Fiber Content | Compressive Strength | Fiexurai Strength s00l
Fiber (vol.%) (kg fent) (kg /o)
pa ] 0 343 52
] 05 Be : 55 = PAN--CF
derive =
10 31 % 5 {vol.%)
CF B - S 1.5
15 1 % - 300p
<
0 3 5 5
Pitch~ " - - g
.5 32 5 2
derived | 2001
L0 36 63
CF r
1.5 %7 69
- - 100
0 343 52 o
S 39 5
resistance . - e \
; 10 e 7 Y ) : : )
GF = - . .5 20 25
| 15 242 m 3 Deflection (mm)

* Mix Proportions (Wt.) = 60 : 20 : 13 : 46 )
Fig. 4 Relationship between flexural load and deflection

for  PAN reinforced fly ash - lime - gypsum
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(69 kg /em?®), f8AH 1.5W0(77 kg /em?) & 1} 35, 2000 (ol %)
|
ol
100}
8ok PAN—CF//
O_W?”W\\\ZD\;H

70
( Deflection (mm)

Fig. 5 Relationship between flexural load and deflection

Flexural Strength (kg /cmt’)
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or composites
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Fig. 6 Relationship between flexural load and deflection
for glass fiber reinforced fly ash - iime - gypsum
composites
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Table 8 Flow and buik specific gravity of fiber reinforced polymer - fly ash - lime - gypsum composites

Mix Mix Proportion (by wt.) Polymer ~ (Fly Ash Fiber Content l Flow | Bulk
+ Lime + Gypsum) (PAN-CF) | Specific
No. | Fly Ash:Lime:Gypsum: Water Ratio (%) (vol.%) ‘ Gravity
1 0 180 1.48
2 0 0.5 183 1.47
3 : | 170 1.51
4 1.5 f 161 1.50
5 1] 181 1.45
[§ 5 0.5 180 1.40
7 1.0 Loo1e8 1.38
3 1.h 152 1.40
60 :20:13: 46
9 0 178 1.41
10 10 0.5 180 1.40
11 1.0 164 1.42
12 1.5 152 1.44
13 | 0 185 1.39
14 15 0.5 180} 1.40
15 | 1.0 175 0 L4l
16 1.5 162 1.38
17 : 0 188 1.50
18 0 ! 0.5 186 1.b3
19 1.0 LY 1.50
20 | 1.5 U 1.54
21 ) 170 1.49
22 5 0.5 167 1.51
23 1.0 162 1.52
24 1.5 150 1.52
65 :20:10: 46
25 0] 172 1.50
26 10 0.5 165 1.48
27 1.0 160 1.49
28 1.5 151 1.51
29 0 Vit 1.40
30 15 0.5 170 1.43
31 1.0 166 1.42
32 1.5 154 1.40
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Tabte 9 Compressive and flexural strength of fiber reinforced polymer - fly ash -

lime - gypsum composites

Mix | Mix Proportion (by wt.) ‘ Polymer — (Fly Ash Fiber Content | Compressive Flexural
+ Lime + Gypsum) | (PAN-CF) Strength Strength
_No. | Fly Ash:Lime:Gypsum: Water Ratio (%) | (vol.%) (kg/em’) | (kg/emd)
1 0 L343 52
2 | ‘ 0 0.5 \ 338 55
3| L0 333 69
4 P J L5 | 281 86
N RS SO S N - S
34 | 0 . 54
i |
6 | | 5 | 0.5 L oas | s
7 | 1.0 | | e
1 5 s : 7
_ 8 60 : 20 : 13 : 46 b 47Jr,,,.71:97.,7 B 2 HE IR
9 ! 0 293 57
0 10 0.5 oo 56
in 1 ; 1.0 ‘ 238 ‘i 60
12| N N - DR ..
13 \ ﬁ 0 o 58
14 15 i 0.5 L2220 59
15 | 1 1.0 \ 192 \ 62
! |
_16 N NN ;NS SRS | S
17 { 0 s ] w6
18 0 1 0.5 326 3
19 | 1.0 ~ I "
U R — w8 |52
2 | ; ' 0 - 34
| |
22 \ 5 ‘ 0.5 303 ! 36
23 ] L0 I \ 40
24 | X ‘ ‘ 5 239 7
o 65:20:10: 46 O S 1 U EE— S S
25 | ‘ g 0 F 247 ‘ 32
26 10 \ 0.5 s 33
7 ‘ 1.0 228 35
28 S SO ¥ S N - SN NN | S
29 | I 0 203 30
30 1 15 0.5 I 32
3 | | 1.0 ‘ 174 K]
JL B IO 2 156 S B
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Polymer - {Fly Ash + Lime + Gypsum ) Ratlo (%)

Fig. 8 Relationship between compressive strength and
polymer — (Fly Ash-+Lime+Gypsum) ratio
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