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Experimental Study on the Development and Application of High-
Performance Composite Utilizing Industrial Waste
Products for Construction Works(l)

Seung-Bum Park*, Bo-Sung Rhee** and Chang-Keun Choi***

ABSTRACT

Results of an experimental study on the manufacture and the mechanical properties of

carbon fiber reinforced fly ash-cement composites are presented in this paper.

The carbon fiber reinforced fly ash~-cement composites using silica powder and a small

amout of Ethylene vinyl acetate emulsion are prepared with carbon fiber, foaming agents

and curing conditions. As a result, the manufacturing process technology of carbon fi

ber

reinforced fly ash-cement composites is developed. And the machanical properties such as

compressive, tensile and flexural strengths and drying shrinkage of lightweight carbon

fiber reinforced fly ash-cement composites are improved by using a small amount of

Ethylene vinyle acetate emulsion. The development and applications of precast products

and the design systems of lightweight carbon fiber reinforced cement composites
expected in the near future.

are

= =l B B Eetelol4] AldlE BghHe] Ay a o 8 B4 B Ay

& oHEA T A 23 Sefololg] - ARlE EgAE AEst Y, ol"al vy

s
AHE, 712A g vha - W Eetolol4] & A-gdtan FPEAEE FAERYH B
1

] T
Aot B 2 Fepeloi4] - AlmlE gk Azl U=, A sk B S

o}

* A, R TR RTEE 2%
* % FIE, BEREM TRRE (VETES 3%
w %k 389, KAIST +ATER 20s



24 FIRIE - 20 - R BRI EE
olof4] « AjmlE BgAle &R, AAUE, AAE Y AXRFS0 e 983 442 gl v
d obdElo] B o H g Agghe] 2 Fted AMEG T, sk Aeel w4 F B Eebolel
# - AHE By ZEfLE AlE, 283 AA A= sy W 88 FidiEh
1. A = 3 FAJF[27-29] Sl 3= vh 2o, A
feog odf FEma glovt AxlSe] ulske
aredwz]Bel 4us W Fetololdls U S8 2w #edTl olWE AgolY)
WA Aol 4] o 7F 20098 W 150518 o] 4 LR olof B ¢d-poll A A g4 el Pitch# gaid-f
Harslo} o] F o wE R A6l 8 Fol whrhel & BAAE AbEstel AAME B - nEo) WA
B 4ol sirlEa Y AAeld, AedelE Be 2k - WA ol Bkl oA W AlEl o]
Fapae] AzA FAEE AR U o ARF o) Felolol4 s - AAE 2
AH i P Aol ER 90 Fulelw =y AE A 2str) 1% JEH dF-E A R
o A g5l o s F4HAR o F A w7y Zalolol4] - AlalE Eabxe) A ulg
HAVEL oF 4009HEel 0% Ao o 4Ew 3ol 2AT 4 AU wHE YA A S92
Ha#Eakdo]l gl fEl bR s olF AYHE B . 1 AEk ok
9 QAT wEone] faol s W FEA Y] AF
& AA ook, 2. Al e
Je] w1, A, A Y Feha EelAE o) E
e Bl Bebolol4l W A IEE AuE - 0-1 Aba A=
Fag s BB AYEARA] 8 Y AT
who] {Séi[l 1615l 5 glenf, jutelbel A (1) Qs 5 elole]s] | A= H A AE
= olel] 2T g-gdF7k 2(17-8], 2([25], A [203 o ®E ZEVE AWEE 4GSty n, Setelon4
Table 1. Chemical Compositions and Physical Properties of Portland Cement
SiOa Al,Os Fe,05 | Cal MgO | 8O, | 1g. loss Specific Blaine's Specific
{%) (%) (%) (%) (%) | (%) ‘%) Gravity (20°C) Surface Area {cm?/g)
212 5.5 3.2 61.1 3.1 23 2.3 3.15 3,260
Table 2. Chemical Compositions and Physical Properties of Fly Ash
Si0z | AlLO; | FeaOs | Ca0 | MgO [ Na,0 | K,0 |Ig. loss | Specific Blaine's Specific
(%) (%) (%) %y | (%) | (%) | (%) (%) Gravity (20°C) | Surface Area {cm?/g)
84.10 | 28.10 4,25 11.20 1 0.76 | 1.27 10.07 5.34 2.21 4,451
Table 3. Physical Properties of Carbon Fibers
. Fiber diameter e . Tensile strength | Modulus of elasticity | Elongation
Type of fiber (107 mm) Specific gravity (kg /cm?) (10° kgf/cm?) (%)
Pitch-based
Carbon fiber 14.5 1.63 7,800 3.8 2.1
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Table 4. Chemical Compositions and Physical Properties of Aggregates

Name of Aggregate (30}32 A(‘(;o?a F(e,;o)% S"ec'f(‘zcoo%av‘ty Particle Size
Sitica Powder 99.7 0.01 0.01 2.60 Less than 0.15mm
(Average 7.1 um)

Table 5. Properties of Polymer Dispersions

Particles, Coagula
and the Others

Type of Polymer’ Specific pH Viscosity Total
Dispersion Appearance Gravity (20°C) | (20°C) | mPa.s (20°C) | Sotids (%)
Milky-White,
EVA Without Coarse 1.016 4.9 2,460 45.0
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Table 8. Mix Propertions of Lightweight Carbon Fiber Reinforced Fly Ash-Cement Composites
et e e G | OE T cemeny | Flov

. Fly Ash+Cement)| Fly Ashs+Cement) - %) *
[¢] 39.4
0.5 41.5
0 1.0 46.5 175
1.5 51.0
2.0 57.5
o 40.5
0.5 43.0
0.1 1.0 47,0 174
1.5 51.5
2.0 58.0
40:50 30 0 41.5
0.5 43.5
0.2 1.0 48.0 176
1.5 52.0
2.0 59.5
0 42.8
0.5 44.0
0.3 1.0 48.5 174
1.5 54.0
2.0 60.7
Table 7. Mix Proportions of Polymer-Modified Lightweight Carbon Fiber Reinforced Fly Ash-
Cement Composites
TP | o pmcemens| Sif2 Jouoer | foarp poe e | pomar/ Jueer) T
Polymer Fly Ash+Cement)| Fly Ash+Cement) Cement) (%) | Cement) (%)
0 58.0 170
5.2 55.7 172
EVA 40:50 30 0.1 2.0 10.1 54.8 175
15.8 51.5 174
24.5 46.8 174
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Fig. 1 Relationship between Water-(Fly Ash+

Cement) ratio and Carbon Fiber Con-
tent of Lt. Wt. CF reinforced Fly Ash
-Cement Composites

Water - ( Fly Ash+Cement) ratio (%)

N

40//
Carbon Fiber Content

( vol. %}
e 0 %
o 05 %
D 1.0%
A 1.5%
s 20 %
205 o 02 o3
Foaming Agent Content (Wt % of Fiy Ash + Cement}
Fig. 2 Relationship between Water-(Fly Ash+
Cement) ratio and Foaming Agent Con-
tent of Lt. Wt. CF reinforced Fly Ash
~-Cement Composites.
1.6

x
3
g
o
2
Z:_.:
2
£42)
Feaming Agent Content
= (Wi. % of Fiy AshtCement )
o o 0o %
o8k o 01%
o 0.2%
o 0.3%
1 i 1 1
085 o5 o s 2.0
Carbon Fiber Content (Vol.%)
Fig. 3 Relationship between Bulk Specific

Gravity and Carbon Fiber Content of
Lt. Wt. CF reinforced Fly Ash-Cement
Composites.



28 KPR - 2R - AR

B AR ETE

Sebololi - AlulE S 2] Z14 w2 1, 15~1,
219 B e BEE Geldigled, ofri HA Y
24 A& oF 0.1~0.2%, CF &3&2 1L
5~2.0%7F g el Ho' ekEich

ghd, Felu]-(Fetelol4l +AME) g E-(F
golof ] +Asl &) v] W 712 w]Fe] FAE Fig
49 598 Zha, dubH o Fele] - (Feholelq] +4]
He) ule] St ubste] - (Eatelol A +Aul
E) ¥l " 713 w2 Askeigied, Y Fev
~(Zetolol A +A M E) vlw o 5~6% =9
EVA £1o] 2951, o] 3% 71 =45 A-&3hA]

2=

ol
N

Fig, 1& Sed - 17 elolois] - 4
2 2ho] o 4] +A] 2 =
ule] 2 vehil o, aalnu £ o=
Foha Bheg g BT Sl sl E-(3
golol 4] +AHE) v Frheie, =G Feln &
o) Fol Aol Ver=1.0 2 1.5%7H4 CF
) AWE o) B L] F-5 HAke] Fol sl on,

a2 ¥AEE el s FEeglch

L

e T o

3-2. WaAH B 1=
wghA o) FEE B Eele] A
919 A

B 27 Felolol4] - AmlE EgAe] A
F EQE UV EA AT dEGRSY #AE
Fig, 60l viepdl whet zra, oi71M 7124 J7rg
W e R EQlEe] Srle] e gEAEE
Aspslgla, 71 EA Hrbge] Frbel st 1
GEF 5 WA Asise S bl

o714 BaA AHSE A gl FE2E V| E FasE
9] &= 50~200kg/cm?[24]9-& Frard =,
B ATy sk f 2 Eeholofs] - Alul
EghA) o] S5 55~ 171kg/cmPo]l &, o]
< wEste], GEAEe S sEA A
0.1~0.2% A=7t F5F A8 TekEch

Eat sl 2 Eebolofid - AulE S
o) E=lu] B4 (EVA)S] A7baste Fig 4H 5

Febdl wleh am, ol Fejwl-(EahololA] +

14 o
1"31 =) uE HE] Eeju] B gadF B

o &y In

+E

60,.
2
50
2
E \
b3
3
€
o
(83
+
s
5
<
s 40
Iy
1] -
. Vee = 2.0%
5 Foaming Agent = O.1 Wt %
= Polymer : EVA
1 H i3 1 1
% 5 10 15 20 25

Polymer (Fly Ash + Cement) rotio (%)

Fig. 4 Relationship between Water-(Fly Ash+
Cement) ratio and Polymer-(Fly Ash+
Cement) ratio of Lt. Wt., CF reinforc-
ed Fly Ash-Cement Composites.

L2 F
d
oy
z
2
b Ver 2 1.5 %
2 1l
=
o
-4 Ve = 2.0%
o
Lep + 3.0mm

E FA : 0.1 Wt %
o

Polymer : EVA

L A ) i .
I'OO 5 i0 15 20 25

Polymar ( Fly Ash+ Cement ) rotio (%)

Fig. 5 Relationship between Bulk Specific
Gravity and Polymer-{(Fly Ash+Cement)
ratio of Lt. Wt. CF reinforced Fly
Ash-Cement Composites.

Fetolol4] - At E g o] Fef o - (Etololl4] +

AmlE) v g} E-(Fetoloi +AIlE) v W v
gl Zﬂi’_i, &) 5] -(F-elo]of

E-(Eetolol4 + 4]



B34 B 1990.6 A|FHANES

o]-8-% A& 4%

we) ¥ W7
=

ES 7124 E]l8o] 0,1%d 5, B9 -(F
ghololl4] + Al 2) w7} 5.29%, 10.1%, 15.8%, 24.
5% dd, ¢EFxE 7 190kg/cm?, 196kg/
cm?, 208kg/cm?, 175kg/cm?E 1r el o] &8 o
-(Zelojof 4] + A1l E) w] 529 = 15, 8%l &
£ 35 Jehdglm, Fig 7els Eeje #4040 E
AREEE 749 AR 92 ol Bl Ehed HurE e

Z.

2 JELEE VA3 S shE B EE el Ao

vl -2 A steke FEe vehuigl

3-3. R B Behelofs] - A=
2y A4, WA= D ARYSA

Bt f B Eetolols] - AlnlE E3fAe] 7
A4 EET °J"&7JE_2}3) A= Fig, 8ol v+
A f B ool 4RbEl
o} QA EE Foishy, BEAdR

o 3

vhehi gl e, B EYl Bl B

1]
2
]

r—l
%
®
2

Compressive  Strength { kg/em? )

Foaming Agsnt Content
(Wt. % of Fiy Ash+Cement)

[} o %
e 01t%
A 02%
o 03%
. . N .
o} 05 1.0 L5 20

Carben  Fiber Content { Vol. % )

Fig. 6 Relationship between Compressive
Strength and Carbon Fiber Content
of Lt. Wt. CF reinforced Fly Ash-
Cement Composites.

Bgael A g 44 3 AgH 47 29

3001

B
- EVA modified
v
& 200-
<
£ ) Unmodified
=
=
“
4
a
@
>
@ 100
©
a
§ Vep ¢ 2.0 Vol %
Leg ¢+ 3 mm
FA  : 0.1 Wt %
. . . .
0 05 1.0 1.5 20

Carbon  Fiber Content (Vol. %)

Fig. 7 Relationship between Compressive
Strength and Carbon Fiber Content
of Lt. Wt. CF reinforced Fly Ash-
Cement Composites.

40t
30k EVA modified
~
E Unmaodified
<
[=d \
-~
= 20
=
o
e -
I
=
£ - B Polymer /(Fly AshtCement) = 5 %
= ® Polymer /(Fiy AshtCement) = 0 %
Foaming Agent : 0 %
Ler @ 3 mm
1 1 1 1
0 05 .0 1.5 20

Carbon Fiber Content ( Vol. %)

Fig. 8 Relationship between Tensile Strength
and CF Content of Lt. Wt. CF rein-
forced Fly-Cement Composites.



30 FIARAE - 2 - R HE AR

Foba Zelo] 2l A AFLEE v E B ool
QJeka e ol ulsle] WAS] =olskw BF
- N B Potymer /{ Fly Ash+Cement) =5 %
1. 2~1. 49 F7F8Sl o, ol& Eeln] Eolel 2] 5lo] {Foaming Agent | %)
dlee)s Ao ZE W o) e se) g4 $1Y 80
o] 4tel Q13 Ao = Az L) -
Fig, 9% 844§ 298¢ Ash 7 3% bt 5
A6 w7 Zelolol4] - AwlE Bt QA 2 w0
~H%E WAE JERlD, o] 8 mEelel mm, s £
o
A f B Sl Fursted Bk H B B :
zholof4] - AlmlE Bgtxle) A5 WA A 5 °
A I BAEA e Aol wshel ok 2,899 A E Fooming Agent Contnt
) i s (Wt. % of Fly Ash+Cement )
Aed-e eEp g °o o %
. . . 20 °e o1 %
mah, B w7 Zelolol4] - AlnlE 2§ 5 o2 %
0,
o) Bheaf £ YAEe WAL Fig 1000 oo
2} ZF = 50, ] BFAALL. Fo 1 1 1 '
Uheldl whsh ok Vee=1 5%7b4 A E9) . . o . .

Fo] Frte] wel HAEE FUstE A 2 Carbon  Fiber Content { Vol, %)

Ar9) Ak rha X Ehalie 7 Bk
L el e] B vk Askshe BEE e Fig. 10 Relationship between Flexural Stren-

gl ol A E Folw-Ee] Aol Feld A gth and CF Content of Lt. Wt. CF
o7 puks g, Zeu 299 AL EEHA] e {sznforced Fly Ash-Cement Composi-
7ol wlslel WA AR SO G ehis
4 A
I
5 CF  Contert
I Cvol. % )
=0r ;\ N20o
|
300k
20
CF Content 5
( Vol. %) 10 20
~ 20- o5 Foaming Agent Content : 0.1 %
~ / } Unmodified
< / 2 e ¥ ~-= EVA modified
= o} 3 ,'f'i Polyme /(Fly Ash + Cement) : 5 %
3 7 30
e / _ 1
& / |4 il
s / 3 i
L £ d})
s iy
F // IOO'II"
! Unmodified !” :
/ 1!
/ Foaming Agent : 0.t % !!II
)/ {/
o 100 30 0 400 0; T2
o] L5 20 2.5 3.0
Tensite  Stroin { x 1076 ) etlection (mem)
Fig. 9 Tensile Stress-Strain Curves for Lt. Fig. 11 Flexural Load-Deflection Curves for
Wt., CF reinforced Fly Ash-Cement Lt. Wt. CF reinforced Fly Ash-Ce-

Composites without Polymer. ment Composites.



B3R, 18R, 1990. 6

A EE o1 8T AAE Y BPAL ML g 4] 27 YA A7

31

o oF L4~2, 1siell 2algend, ol @4 Ee BF EYEHA & el wldtel FAET-AB 5
7458k o] Eejm Eqlo] 2lEled ujEIL At o) #X g Zol vhebLbA] gkghrt,
o of = L0 Ad-febe] By Srfo F|glE Ao
# W, 3-4, AzSE
$HH, B EYEE HE ] B H B
Fetolol 4 - AllE B3 o) HeE-HA T4 EhiAd - 27 Eelolol4] - AlnlE EgHle] A
Fig, 113 21, o714 sk £3589 Fotol BHel W AxrH Y THFLEe) B4 = Fig
abake] whad-f B Felololi4] - AlwlE 2 12 9 130 vpepd wRe} ok o] & asle] M7,
He g8 542 =24 Md=Ea, Eelu] Ele CF &9 &0l Esla Az A5 o) 7Aoo et CF
Drying  Age (doys)
O _7 28 &0 80 180
= Fly Ash : Cement = 40 : 50
hﬁi‘g‘\-« Silica Powder = 30 %
-~ H - [+
N S e et S, UL
P O RT e XAl — |
£ N T~ b T MeE21.0% ]
< PR T — . N Vi = o
AANN: i S ———erosn
BN NN Ver = 0%
: \ S ‘\ 9
~N .
e \~ \\\\~ Polymer = (Fly Ash + Cement) ratic of 5 %
g -z0 B -
£ e NN
(:fé) \xQ\\\\\"“‘“"ﬁ-\-_\Q;L&O%
= - \E"ﬁ--- e o e Vop 5 1.5 Oh
£ "% K s T VerE 1.0 %
o~ \s\_\ T e e
& \ = ——— !QLO§ o
-50 Ver20-9 .
Polymer - ([Fly Ash + Cement) roltio of 0%

Fig. 12 Relationship between Drying Age and Drying Shrinkage of CF reinforced Fly Ash-
Cement Composites without Polymer and with Polymer.

Drying Age { doys)
20 18Q
Fly Ash : Cement = 40: 50
Silica Powder = 30 %
Foaming Agent = 0.1 %

Polymer ~ ( Fly Ash + Cement ) ratio of 5%

(%)

Loss

Weight

25

H
Polymer - (Fly Ash + Cement ) ratic of O %
: i I

Fig. 13 Relationship between Weight Loss and Drying Age of CF reinforced Fly

Composites without Polymer and with Polymer.

Ash-Cement



32 FOREE - 2 - BIBIR

BEEATEIEE GRS

27 Eelolel4l - ARE LA AzZFEL 3
dehm, A ee CF &818) Sohel Sabehel &
b AEE dehiglon, e =gy el 3
7R el Aol wistel MY EHBelA L
5~3,0a 2] WA T AEFEH A PEAE ehhod, 2
AAE Al $EE A5 e=Fs PAol
29Es Ao ® wukEch

=%, CF &80 47500 &0 £} 35
Azsge B0l E A8EkA e APl vlstel
A7) debhon), o) & Eelu Eale] o8 B
o) el F)Qlohe Ao R BkRT M, Ao
Z7hel Sabahel CF 273 Fetolol4] - AR E 4G
Aol FRYEe Fol5a, oFE

2 CF &4i-&2]
F7bell Furetel Fobehe WS vebigloh

4. 72 E

(1) CF 2.7 E-olof ] Ale BgAe CF &
g8 W 7 E:A ] Fokel ek E-(Fe
oo +Aml8) ul= 53?‘% 3} F7tEke] Ver=2,0%
oA Ver=0962 7 -%oll wlakel oF 1 6o 2stgl
i, EF 717 wlEe CF E818 W 724 Y7he
—9] F el el Aebelglen], HAY JE2A HoHE

0.1~0.2%, CF &3]82 1.5~2 0% Ze®r
AHA (EVA) o] Hobads S8
-(FetololH +AlE) wle] Frtel wel E-(Feh
olof4] +A1alE) w] W Z13 wFL Ak B
S v Sleh

(2) CF 27 Zefolof4] - AlvlE S-34 2]
7ZEx CF £0% Y 7124 37182 Sl
shod WA Askeiga, FHulE ST
23kx] ¢h-& 732l wiElel YFAEE BH
e g Gebdalch

hisa

&

i o

A

o o
ofy P 4
-

2

(3) CF =7 Zetololl4] - AWl E B4l A0
7& e Ver=1 5%7tx] CF Ei-g2] Frtel 5yt
o} Zoistgla L olAke] A% thi A
ﬁﬂ ol oA F glolu]-Bo] Wale] llsle Hog
FbEle, o] B B EYEA 48
wlgho] 1,2~1 484e] AR SRS 2

9ok,

=3 CF 90§ SF7tel et s8-8 @43

HAE o] BZEA w22 7ol wlsled oF 2 842
AA5H-E eEldligleh
(4) CF 2.7 Eefojelq] - Al E 2
E& Ver=15%7% CF Z31-%2] Z7}e) Surst
o] Fotele A4S .&é.s:iﬂ, Zejv)2 EE
El e oh-& 7ol ulsled oF 1 4~2 1819 ¥ A
T YR S5 k% Hged, ol JAZLERS
7892k wl=egt ofA-g vieldigleh

& A MAE I, Feed
]

(5) CF 27 Felolofs] - Al E Eihse]
FE-2 7AE A e A o] whel Fofslka, CF &9
B2 ool Fubsted Folxls kg ezl
o, 2 EFelr ofge] B¢ 71 o] Aol v
aho] AE 671 Wol A 1L5~3 0319 AEFH AR
e viebigla, Eele] Bl B EskA o
2 ol vlshe] A E25E Gy AE Ve gl ek

T, AH "W CF E982 Fohe sukste CF
B Eelolofi4] - Al e S SaFtad

ol ek 23 38 Hhebdiglck

rlo
oft

= i
e 19899 5 Fay A9 T s )
crel Af-Er DA ST 24 ulo] o dhe] A
g o

‘ o=
s g g |

1. Berry, E.E. and Malhotra, V.M., “Fly Ash
for Use in Concrete-A Critical Review,” ACI J.
Proc., Vol. 77, No. 8, Mar.~Apr., pp.59-73, 1980.

2. Davis, Raymond E., “Properties of
Cements and Concretes Containing Fly Ash,”
ACI J. Proc., Vol. 33, No. 5, May-June, pp.577
-612, 1937.

3. Chitaranjan, N., “Compressed Lime-Fly
Ash-Gypsum Blocks,” Indian Concrete [., Vol.
57, No. 6, pp.153-156, 1983.



348 B 1 EE 1990. 6 AGHZIES o4 WAL AT BA L] g @ 28] B A¥H a7 33

4. Bernhardt, C.J., “SiO,-dist as Admixture
to Cement,” Betongen 1 dang, Apr., pp.29-53,
1952.

5. Diamond, Sidney, “The Utilization of Fly
Ash,” Cement and Concrete Research, Vol. 14,
No. 4, pp.455-462, 1984,

6. Haque, ML.N., Langin, B.W., “High Fly
Ash Concrete,” J. of ACI, Vol. 82, No. 1, pp.54
-60, 1984.

7. Idorn, G.M., Henriksen, K.R., “State of the
Art for Fly Ash Uses in Concrete,” Cement and
Concrete Research, Vol. 14, No. 4, pp.463-470,
1984. '

8. Kasci, Y., Matusui, 1., “Autoclave Curing
of Various Kinds of Fly Ash-Ordinary Portland
Cement-Water Composition,” Transaction of
JCI, Vol. 7, pp.9, 1985.

9. Malhotra, V.M., Carrette, G.G., “Silica
Fume-A Pozzolan of New Interest for Use in
Some Concretes,” Concrete Construction, Vol.
27, No. 5, pp.443-446, 1982.

10. Maslehuddin, M., Shamin, M., “Effects of
Sand Replacement on the Early-Age Strength
Gain and Long-Term Corrosion-Resisting
Characteristics of Fly Ash Concrete,” ACI
Materials J., pp.58-62, Jan.-Feb., 1989.

11. Mehta, P.K., “Pozzolanic and Cemen-
titious By-Products as Mineral Adimixtures
for Concrete-A Critical Review,” Fly Ash,
Silica Fume, Slag and Other Mineral By
~Products in Concrete, SP-79, ACI, Detroit, pp.
1-46, 1983,

12. Maslehuddin, Mohammed, “Effect of Fly
Ash Addition on the Corrosion Resisting
Characteristics of Concrete,” ACI J. Proc., Vol.
84, No. 1, pp.42-50, Jan.-Feb., 1987.

13. Ohama, Y., K. Demura, “Development of
Lightweight CFR-ACC,” Proc. of the Inter-
national Symposium on FRC, Dec. 16-19, 1987,
Madras, India

14. Samarin, A., Munn, R.L. and Ashby, J.B.,
“The Use of Fly Ash in Concrete-Australian
Experience,” Fly Ash, Silica Fume, Slag and

QOther Mineral By-Products in Concrete, SP-79,
ACI, Detroit, pp.289-306, 1983.

15. Fedman, R.F. and Cheng-Yi, H., “Proper-
ties of Portland Cement-Silica Fume Pastes,”
Cement and Concrete Research, Vol. 15, pp.765
-774, 1985.

16. Jahren, P., “Use of Silica Fume in Con-
crete, Fly Ash, Silica Fume, Slag and Other
Mineral By-Products in Concrete,” ACI, SP-79,
pp.625-642, 1983.

17. Seung Bum Park, “Strengths and Dura-
bility of Cement Blended with Fly Ash,” Report
of KICT, CNU, Vol. 2, No. 1, pp.30-39, 1975.

18. Seung Bum Park, “Experimental Study
on the Engineering Properties of Carbon Fiber
Reinforced Cement Composites,” J. of KCI, Vol.
1, No. 1, pp.95-104, 1989.

19. EmMESRITL,“BET7I5AT .2 D EHEE
a> 7)) =+ WENE” Aoz Y=},
No. 472, 1986.

20, AR, “7IAT L% B 2 L7 Bl
v BR BEEE, ‘A b a2V — i BT S
BsEo) 5 & MRS, BB e, 3R, pp.8,
1986.

21. BB, KEFIE], “EIRIKO FRRIE, T4
FECH, ST AT, 7 FETAHE, AL R
Hy ~ FUE,” T3H%E, Vol 32, No. 7, pp.101
-105, 1984.

22. MATREAD, TR FRIZ D, L AT a—2D
TRy - EERICRITT B v AV b0
> 271} -}, No. 469, pp.29-35, 1986.

23, A M EEERR BMEEE, VU A
T a—LBH Wiz a7 R A beary
) —}, No. 480, pp.41-47, 1987.

24, gL S a2 )~ b, ary sy~ b
TN R 7, PlEEE, BE, pp.708-720,
1981.

25. %4, A%, “Fly Ash & £¢¢ X 52
Tzl B gloiA] Fr) EEA L) J ol T AT
s+ EE-SE] =], Vol. 8, No. 2, pp.117-124, 1988.

26. Hw4], 2, “HE gl A AR 4
BFEl o] B8 B4 ol e E-E3E %], Vol. 8, No. 2,

B



3 AR - AL - HEABIR B R

pp.59-66, 1988. Hx 2 x4, 1985, 12,
27. 444717 AALEA}, “Fly Ash 222 5 29. AFAY FA A 2A TR, Bl B2
234 1,7 1984, 12. 2] 4 ELE) o] Skl 7, 1984, 4.

28. AFG A1 A AR 4}, “Fly Ash &322 o=




