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An Experimental Study on the Seawater Resistance
of Steel Fiber Reinforced Concrete Using Fly Ash
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Abstract

aper describes an experimental study on the seawater resistance of steel fiber
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apparently increased.

cement ratio, the content of steel fiber,

reinforced concrete. The test methods adopted for this study are divided into long-term
immersion test and acceleration test by wetting and drying. Tests were carried out to
evaluate the procedures which were measured for nine months about reduction in dynamic
modulus, length change and compressive strength. Resistance indicators are the water-
the content of fly ash. the immersion water
(artificial seawater or freshwater) and the types of curing.

The seawater resistence of the appropriate additions of steel fiber and fly ash have

Keywords : seawater resistance, compressive strength, length change, dynamic
modulus, steel fiber, fly ash
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Table 1 Properties of ordinary portiand cement

Chemical Composition (%)

NaO|K.O le. Total

loss|

3.07 163.18| 247 [2.081 0.04 |0.68]1.61]100.0

S10: JALOFe 0 |Ca0|MgO[SO

i

2125 1 6.17

Physical Properties
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Table 4 Physical properties of admixture

Gravity|(cm2/g)| Residue| ness - - - -
’ Y . Inital | Final| 7 day | 28day

3.14 [ 3315 0.2 0.03 12251 410 | 320 | 406
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Table 2 Physical properties of aggregates

Max . . Unit
Specifici Absor .
lem | Size | o |DecificiAbsorption| b
Ciravity (%) O
{mm} (t/m’)
Sand - 2.68 2.59 1.40 1.65
(iravel 20 7.01 2.65 1.32 1.67
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Table 3 Properties of steel fiber

Tensile Young's
Strength | Modulus
(kg/mm’) | (kg/em2)

Type ¢ | Mo op 8

Bundle
Hooked | 0.08]0.35]0.035 1 0.035 110 2110
Type
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Specific Solid

Admixture | Appearance [ ) pH Contents
Gravity

k (%)

AEA 202 [ Brown Liquid| 1.029 12.0 153

Mighty-150 | PR Brown by o0 2 g | 41-g5

Liguid
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Table 5 Properties of Fly ash

Chemical Composition (%)

IO ALOL FeOu | ca0 | MgO | NaO | 80, | 18

loss
65312550 4.25 120 | 098 | 0.21 | 1.03 | 3.63
Physical Properties
b‘peu.hc [%l(ll{\f) g Particle Size(mm)
Gravity (em'/g)
2.1 3,124 4.2x10°
2.1.6 A=A
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Table 6 Proportion of artificial seawater

Chemical Composition (g/ 1)

NaCl MgCl - 6FLO | NasSO, Cac] KCl
24530 11.110 4.090 1.160 0.695
22 AR



¥ Aol M) WFE the Tablelol hebd whsh
B % ARANE 40, 60% 2 sted ARMEE
Sof AANeIE T} Fa

o]] 7LH

DTTE'

gkl et
Omni Mixerg AHg5lo] ALl on

YeAlE #e 24, ABAE EHD o

0, 0.5,

II

Roj :’:EEﬂ Ql

7lEo.

o ©

1.0% &4

\.J r

2de 8% 301

o d#

2st7] sk

2 Za e AWE,

pHo sl

FHEAT 2

2 WMy

A 7.9
A S
= }o] o} 4]

e A sl 2 Mg
et ovd,
MNE F22] 10, 20% 2
e

PARE

$Arg WA

=
e

711017\]% AL-g-3te] Heé 1
ZH-slglonm ZEb
171 98] 7.6x7.6x355cmel 7H5

O

off whet axge] Aol A %‘%Z}Eé 53 8H \:},

3) A7

FAAE ANE 145 28 F 2342¢ HETo
AFaflg Foll 717h 4% ARP7A AAste] S5
&, dols}, FEdATE S8 w3 A
FE 1] Weke AE RS At RET
ok JFHTFE oF UiEvid =g Aoz A8}
et

+2ce FFEGe AdFaal %‘X] QAAI{P_ e
2 Fe] whEA|E (2] (A}l
2 slod EazlEe] JFA 87 FHAHEE ST

FTNAE Azt FHE S eta 24zte] FEA
Table 7 Mix proportion of SFRC using fly ash
SF Unit Weight (kg/em)
Specimen | W/B |, St Air |, A s/a S
No (%) Content (%) Content (%) Steol Remark
’ (%) (%) Water|{Cement| F. A | Sand | Gravel ;‘ibér Adm.
W40~ 0 QO 320 802 1088 9] 16
WA0-0.5 40 0.5 128 320 796 1080 39 1.6
WAO-1.0 1.0 320 790 | 1072 79 16 | Standard
2.0 0 43 s Water
W60- 0 0 3% 731 91 0 168 | [mmersion
W60-0.5 60) 0.5 192 320 725 983 39 1.6
W60-1.0 1.0 320 720 976 79 1.6
540~ 0 0 320 802 1088 0 16
540-0.5 0.5 0 320 0 9% 1080 39 1.6
S40-1.0 40 1.0 5.0 43 128 320 TH0 1072 79 1.6
S40-FA10 1.0 10 288 32 785 1065 79 16
840-FA20 1.0 20 256 6| 780 1058 79 16 | Artificial
5 Seawater
$860- 0 0 20 731 91 0 16 | Lnmersion
S60-0.5 0.5 ¢} 320 Q 725 983 39 1.6
560-1.0 o0 1.0 50 43 192 320 720 976 79 16
S60-FAT(Q 1.0 10 288 32 714 968 79 1.6
Se0-FA20 1.0 20 256 61 709 961 79 16
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Table 8. Campressive strength for long-term immersion

test
Compressive Compressive
Specimen Strength Specimen Strength
No. (kg/cm?) No. tkg/cm’)
28d 270d 284 270d
WAO- 324 415 Wel-0 V75 263

W40-0.5 332 422 WeE-0.5 183 272

WA0-1.0 339 433 W60-1.0 187 279

S40-0 328 407 S60-0 175 207
540-0.5 310 393 S60-0.5 180) 220
S40-1.0 336 368 S60-1.0 180 223
540-10 339 377 S60-10 171 227
S40-20 345 38 560-20 178 241
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Fig. 1 Compressive Strength for long-term immersion
Test 'W/C=40%)
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Fig. 2 Comgpressive Strength for long-term Immersion
Test (W/C=60%)
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Fig. 3 Compressive Strength for Long-term Immersion
Test (9month)

193



Gepoo,

3.1.2 2ozl 8l JdiF

198 dde we & AdEN g &)
HE #@AsiA et

60%, alol HAF A5 /e

G ABINLA H/E EDEHA]

st 11%9] 454 = S E}E U
o] S e FAUE FEE
de ZAE] deAaddE o

SAAT

REGsh Al P71 U st} Lol skt 4

dEeHdAssE &

o vehintet 2t o8 1%

En] 40%¢°1 2] Hojigh=

glol wh$- Zsgton], £ - A
al %ol ﬂxwwﬂ )b Eael A A4 v
Q

tﬁg}a

1

SRS

thlbayashl "o olgt

Ao e §

19} 748

i I
= Ao Yeptort, a4
s Eohlof »}wn} a7
o 2ol

#el &1

"AS) £ Z7
yare st
| glesle

AW
A
=
2
o

“1
Rt ofﬂ% AT

Ao} B 1St
EetolelH Esl gl
Tkl whet Aol
A, diE el
e
1 Ad A&l gl S7Hgel weh doiahe
U o &obe AR 4
Ave & ARIEY 60%, a4l
Zhgell mrep eFzt A

FELY) E
PR EER TER T
5

At At Table9 2 Fig. 4, 5
Falod Hel & AWl
A2 7o) FHell #A

HEH g0%lAE AF

o

olelgt A s.
A

Akl )27

_OFL‘

ol \‘U{U ﬂig r‘
>

Aglel 4% 7t

Ol
il

[‘O

rE i mqo

st
=

N

Length change (<10}

[ 80 120 180 249 300
Age (days)

Fig. 4 Length Change for long-term Immersion Test
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Fig. 5 Relative Dynamic Modulus of Elasticity of
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Table 9 Length change and relative dynamic of elasticity for long-term immersion test

. Final values(270 days) i . Final values(270 days)

Specimen - - Specimen - -

Length change Relative dymamic N l.ength change Relative dymamic
No. (<109 modulus of elasticity(%) e (X101 modulus of elasticity (%

W40-0 0.5 143 WAG-O 0.7 138
W40-1.0 0.4 141 W40-1.0 -0.4 138
340-0 -1.5 137 S40-0 2.0 133
$40-1.0 -1.0 138 S40-1.0 -1.3 136
540-10 -0.8 138 S40-10 -1.1 134
540-20 0.7 140 S40-20 -0.8 137
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Table 10

Length change and relative dynamic modulus of elasticity for wetting and drying (Accelerated test)s

L Final values(135 Cyele) ) Final values(135 Cycle)
Specimen - N Specimen - -
N Length change Relative dymamic N [.ength change Relative dymamic
0, . .
e (107 modulus of elasticity (%) ° (10" modulus of elasticity (%)
W40 0.4 127 W40-0 -4 7 125
W40-1.0 26 130 Wi0-1.0 -2.0 129
S40-0 352 76 S40H) -23.0 o0
540-1.0 221 &7 540-1.0 14.0 78
S40-10 18.0 89 SA0-10 124 1
S40-20 15.0 92 S40-20 10.3 23]
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